
Vol:.(1234567890)

Maternal and Child Health Journal (2018) 22:1306–1318
https://doi.org/10.1007/s10995-018-2511-4

1 3

Examination of Child and Adolescent Hospital Admission Rates 
in Queensland, Australia, 1995–2011: A Comparison of Coal Seam Gas, 
Coal Mining, and Rural Areas

Angela K. Werner1,7 · Kerrianne Watt2 · Cate Cameron3,4 · Sue Vink1 · Andrew Page5 · Paul Jagals6

Published online: 2 March 2018 
© The Author(s) 2018. This article is an open access publication

Abstract
Objectives At present, coal seam gas (CSG) is the most common form of unconventional natural gas development occurring 
in Australia. Few studies have been conducted to explore the potential health impacts of CSG development on children and 
adolescents. This analysis presents age-specific hospitalisation rates for a child and adolescent cohort in three study areas in 
Queensland. Methods Three geographic areas were selected: a CSG area, a coal mining area, and a rural area with no mining 
activity. Changes in area-specific hospital admissions were investigated over the period 1995–2011 in a series of negative 
binomial regression analyses for 19 International Classification of Diseases (ICD) chapters, adjusting for sociodemographic 
factors. Results The strongest associations were found for respiratory diseases in 0–4 year olds (7% increase [95% CI 4%, 
11%] and 6% increase [95% CI 2%, 10%] in the CSG area relative to the coal mining and rural areas, respectively) and 
10–14 year olds (9% increase [95% CI 1%, 18%] and 11% increase [95% CI 1%, 21%] in the CSG area compared to the coal 
mining and rural areas, respectively). The largest effect size was for blood/immune diseases in 5–9 year olds in the CSG area 
(467% increase [95% CI 139%, 1244%]) compared to the rural area with no mining activity. Conclusions for Practice Higher 
rates of hospitalisation existed in the CSG area for certain ICD chapters and paediatric age groups, suggesting potential 
age-specific health impacts. This study provides insights on associations that should be explored further in terms of child 
and adolescent health.
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Significance

What is already known on this subject? A growing body 
of research exists on the potential health-related impacts of 
unconventional natural gas development. While children 
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have been identified as a vulnerable group, there are few 
studies that have specifically examined child and adolescent 
health in relation to such development.

What this study adds? This study adds to the available 
evidence base by exploring child and adolescent health 
impacts related to coal seam gas development. The coal 
seam gas area did have higher rates of hospitalisation for 
certain health outcomes compared to coal mining and rural 
areas. This suggests potential health impacts that need to be 
examined further.

Introduction

Coal seam gas (CSG) is a form of unconventional natural gas 
sourced from coal seams, with the gas being held in place by 
hydraulic pressure. Other forms of unconventional natural 
gas include shale gas and tight gas. CSG and shale gas are 
the most economically important unconventional natural 
gas resources. CSG is typically sourced from formations 
300–1000 m deep while shale gas is sourced from forma-
tions 1000 m to > 2000 m deep (Ross and Darby 2013). 
Extraction of shale and tight gases requires hydraulic frac-
turing to release the gas from the source rock due to lower 
permeability, while CSG extraction may require hydraulic 
fracturing in some instances to increase permeability (Cook 
et al. 2013). Development of these different types of uncon-
ventional gas has been expanding worldwide, with major 
gas reserves located in a number of countries (Werner et al. 
2015). Australia is no exception to this expansion.

At present, only CSG resources are being exploited in 
Australia, although shale gas and tight gas reserves do 
exist (Department of Natural Resources and Mines 2015). 
The CSG industry has been expanding throughout large 
areas of Queensland, Australia in recent years. The major-
ity of Queensland’s CSG is sourced from the Bowen and 
Surat Basins (Department of Natural Resources and Mines 
2014). CSG production began in the Bowen Basin in 1998, 
with the industry recognised as a stand-out sector since 
2000 (Queensland Government 2011). Production began 
in the Surat Basin in 2005, adding to the rapid expansion 
of Queensland’s CSG industry (Queensland Government 
2014). It is projected that there will be up to 40,000 produc-
ing wells in Queensland in the next few decades (Lacey and 
Lamont 2014; Measham and Fleming 2013).

Worldwide, there has been public unease about the poten-
tial health impacts of unconventional natural gas develop-
ment (UNGD). Despite these concerns, a literature review 
on UNGD and health found that epidemiologic studies con-
ducted in Australia (and elsewhere) examining the impact 
of CSG development on health are limited (Werner et al. 
2015). In particular, no peer-reviewed studies in Australia 
have investigated the potential impacts of CSG development 

on children and adolescents. In the United States of America 
(USA), while studies are limited, some studies have exam-
ined the impacts of shale gas and tight gas development on 
children. While these studies can be referenced to better 
understand potential health impacts associated with CSG 
development, it is unclear how the conclusions translate to 
the CSG context (Vaneckova and Bambrick 2014). Local 
studies are needed as health effects vary with geology, 
demography, population proximity to UNGD, vulnerability, 
development techniques, and the companies and governing 
bodies involved (Bharadwaj and Goldstein 2015).

Research has shown that residents may be exposed to 
chemical and non-chemical stressors from UNGD, with 
exposures accumulating over time or as additional develop-
ment occurs (Adgate et al. 2014). The major stressors that 
could affect health are air contamination, ground and surface 
water contamination, truck traffic, noise pollution, accidents 
and/or malfunctions, and psychosocial stress (Adgate et al. 
2014). Exposure is likely to occur primarily through inges-
tion of contaminated drinking water or inhalation of air pol-
lutants. Exposure to air pollutants, including particulate mat-
ter, has been linked to health outcomes such as respiratory 
and cardiovascular diseases, low birth weight, and preterm 
birth (Stacy 2017). Contamination of these environmental 
media can occur at each stage of UNGD (Saunders et al. 
2016), and many air and water pollutants typically associ-
ated with UNGD sites have been identified as developmental 
and reproductive toxicants (Webb et al. 2014).

A number of studies examined UNGD and the potential 
health impacts without examining specific age groups such 
as children and adolescents. Recent papers reviewed all of 
the pertinent UNGD and health studies and reported the 
health effect categories that have been studied (McMullin 
et al. 2017; Stacy 2017). Generally, health effects studied 
thus far include: birth outcomes, birth defects, cancer, blood/
immune, cardiovascular, gastrointestinal, musculoskeletal, 
neurological, psychological, and respiratory outcomes, and 
dermatological symptoms (McMullin et al. 2017). While 
some of these studies presented limited or mixed evidence 
for certain health impacts, no studies were found to have 
substantial or moderate evidence for health impacts, noting 
the need for higher quality studies to confirm or dispute the 
findings from these studies that have been predominantly 
hypothesis generating (McMullin et al. 2017).

Specific to child and adolescent health, several studies 
investigated birth outcomes (Casey et al. 2015; Hill 2012; 
Ma et al. 2016; McKenzie et al. 2014; Stacy et al. 2015). 
These studies found associations between UNGD activity 
and a range of outcomes, including preterm birth, low birth 
weight, small for gestational age, congenital heart defects, 
neural tube defects, and physician-recorded high risk preg-
nancy (Casey et al. 2015; Hill 2012; McKenzie et al. 2014; 
Stacy et al. 2015). One study examined childhood cancer, 
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noting that all childhood cancers and childhood leukaemia 
were close to expected before and after UNGD with the 
exception of a slightly elevated standardised incidence ratio 
for central nervous system tumours (Fryzek et al. 2013). 
Another study considered children to some extent in its 
investigation of health outcomes using routinely collected 
data, such as emergency room and inpatient admissions 
(Coons and Walker 2008). Higher rates of certain respira-
tory outcomes (e.g., asthma) were noted for children living 
in areas with higher levels of UNGD.

Several studies have raised issues about children’s health 
and UNGD, including their vulnerability compared to 
adults, a lack of paediatric-specific data, the use of endo-
crine disrupting chemicals in the industry, and issues with 
UNGD development moving in closer proximity to schools 
and residential areas (Brown et al. 2015; Finkel et al. 2013; 
Kassotis et al. 2016, 2014; Lauver 2012; Webb et al. 2014; 
Witter et al. 2008). A recent review of potential water and air 
contaminants associated with UNGD concluded that more 
research is needed on UNGD and cancer risks, specifically 
for childhood leukaemia (Elliott et al. 2017). Finkel, Hays, 
and Law (2013) noted that “the extent of health risks asso-
ciated with unconventional natural gas operations among 
children is unknown”.

Compared to adults, children have different exposures, 
absorption pathways, and responses to illness and the envi-
ronment (Bearer 1995; Merrick 2013). These differences 
also vary throughout childhood, and there are periods (i.e., 
critical windows of exposure) where children are more sus-
ceptible to certain exposures (Agency for Toxic Substances 
and Disease Registry 2012; Bearer 1995). A number of 
chronic health outcomes in later life are associated with 
reduced foetal growth, demonstrating the importance of 
improving foetal health to improve health across a person’s 
lifespan (Barker 2007; Stacy 2017).

Children are considered a vulnerable, sensitive popu-
lation. Hence, children and adolescents warrant separate 
examination for potential health impacts of CSG develop-
ment. This was echoed by Webb et al. (2014), who con-
cluded potential health impacts of UNGD on infants and 
children must be studied via rapid and thorough health inves-
tigations. Due to the lack of UNGD and health studies pre-
sent when this study was designed and conducted, this study 
was exploratory and examined a range of health outcomes 
to generate hypotheses for future work that may relate to 
the putative exposures described above. Previous Australian 
studies found increased hospitalisation rates for neoplasms 
and blood/immune diseases for people living in CSG areas 
compared to a rural/agricultural area and increased hospi-
talisation rates for congenital anomalies for the CSG area 
compared to a coal mining area (Werner et al. 2016a, b). 
This exploratory analysis thus builds on those previous Aus-
tralian studies to examine age-specific hospitalisation rates 

for children and adolescents aged 0–19 years old in a CSG 
study area compared to two other study areas (coal min-
ing and rural/agricultural) in Queensland over the period 
1995–2011.

Methods

Ethics Approval

Queensland Health granted access to confidential informa-
tion (Approval Number RD004515) after ethics approv-
als were obtained from the University of Queensland 
Human Research Ethics Committee (Approval Number 
2012000582).

Study Location

The study was conducted across three rural geographic areas 
in Queensland, Australia, defined as: a CSG area, a coal 
high-impact (CHI) area, and a rural low-impact (RLI) area. 
Study areas were aggregates of statistical local areas (SLAs), 
as shown in Fig. 1. SLAs are the base geographic spatial 
units used to collect data in Australia (Australian Bureau of 
Statistics 2011).

The study areas were selected by examining CSG well 
and coal mine locations at the time of site selection (2011). 
The CHI area contained predominantly coal mining activity 
with minimal CSG activity, and the RLI area had no coal 
mining or CSG development at the time of site selection 
(Werner et al. 2016a). The CSG and CHI areas had similar 
populations (44,217 and 35,142 persons in 2011, respec-
tively), while the RLI area had fewer people due to being 
a more regional area (7747 persons in 2011) (Australian 
Bureau of Statistics 2014; Werner et al. 2016a). Table 1 pro-
vides an overview of the sociodemographic characteristics 
for each study area across the study period.

Data

Details on the data used for this study have previously 
been described (Werner et al. 2016a). Hospital admis-
sion records were obtained from the Queensland Hos-
pital Admitted Patient Data Collection (QHAPDC) for 
the period 1995–2011 for the three study areas. These 
data are put through extensive validation processes to 
ensure high quality, accurate data (Queensland Govern-
ment 2012). Variable selection was based on the literature 
and putative confounders. Population data were obtained 
for each study area from the Australian Bureau of Statis-
tics (ABS) and included estimated resident population 
(ERP) by age group (0–4 years, 5–9 years, 10–14 years, 
and 15–19 years), and gender for each calendar year. 
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Covariate data (proportion Australian-born, proportion 
employed full-time, proportion Indigenous, proportion 
in white collar occupations, median household income, 
and mean household size) were obtained from the ABS, 

and were used to adjust for sociodemographic differ-
ences (Australian Bureau of Statistics 2014; Werner et al. 
2016a).

Fig. 1  The coal seam gas 
(CSG), coal high-impact (CHI), 
and rural low-impact (RLI) 
study areas, grouped by SLAs 
within Queensland, Australia

Table 1  Sociodemographic characteristics for the coal seam gas, rural low-impact, and coal high-impact study areas across the study time period 
(Werner et al. 2016a, b)

CSG coal seam gas, RLI rural low-impact, CHI coal high-impact

CSG RLI CHI

1995 2003 2011 1995 2003 2011 1995 2003 2011

Population 40,100 40,529 44,217 8804 8306 7747 32,508 30,644 35,142
Percentage male 51.45 51.50 51.76 52.77 51.70 51.00 53.83 53.82 53.97
Percentage female 48.55 48.50 48.24 47.23 48.30 49.00 46.17 46.18 46.03
Percentage Indigenous persons 2.83 4.22 4.86 10.99 13.14 15.64 5.24 4.84 5.71
Percentage persons Australian-born 89.35 86.74 83.40 92.77 87.21 83.36 89.77 86.11 77.78
Percentage persons employed full-time 31.39 31.09 31.86 33.79 33.27 33.12 36.23 37.04 36.24
Percentage persons in managerial, administrative, or 

professional occupations
14.90 15.61 15.30 13.72 14.79 16.28 9.84 11.47 12.05

Weighted average median weekly household income 485.81 749.24 1135.58 475.15 696.97 946.35 926.27 1250.16 2182.04
Weighted average mean household size 2.71 2.56 2.50 2.71 2.45 2.31 3.14 3.0 2.99
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Analyses

Age-specific negative binomial regression models were 
used for all-cause hospitalisations and for each Interna-
tional Classification of Diseases (ICD) chapter, separately, 
for each age group within the child and adolescent cohort. 
Age-specific admission counts were modelled, offset by 
the log of the population, with time serving as a continu-
ous ‘period’ variable. The outcome of primary interest was 
the interaction between area and period, which assessed 
the relative change in slope over time between the three 
study areas.

The fit of these models were assessed using goodness 
of fit criteria (Ismail and Jemain 2007; Zhang and Liu 
2013), and rate ratios (RR; 95% CI) were calculated so that 
relative changes in the slope of age-specific hospitalisa-
tion rates could be identified in the CSG area relative to 
the CHI area and to the RLI area. Age-specific models 
were adjusted for gender and other covariates to provide 
adjusted RRs. The strongest associations were consid-
ered to be those associations where increasing rates were 
observed in the CSG area compared to rates in the CHI 

area and compared to rates in the RLI area. SAS 9.4 was 
used for the statistical analyses (SAS Institute, Cary NC, 
USA).

Results

The CSG and CHI areas were more populous than the RLI 
area, and the CHI area had a slightly higher proportion of 
males to females. Additionally, the RLI area had a larger pro-
portion of Indigenous persons and a lower average median 
weekly income compared to the CSG and CHI areas. Other 
sociodemographic characteristics are shown in Table 1.

For the period 1995–2011, there were 80,882 child and 
adolescent hospital admissions in the three study areas, 
which comprised 17.6% of all admissions in these areas over 
this time period. Child and adolescent hospital admissions 
from the CSG, CHI, and RLI areas made up 46.7, 41.7, and 
11.6% of these admissions, respectively. Changes over time 
in ‘All-cause’ admissions in the CSG area relative to the 
other two study areas, categorised by age group, are shown 

Fig. 2  Age-specific, all-cause hospitalisation rates per 1000 persons for the CSG, CHI, and RLI areas, 1995–2011 for: a 0–4  years old; b 
5–9 years old; c 10–14 years old; and d 15–19 years old



1311Maternal and Child Health Journal (2018) 22:1306–1318 

1 3

in Fig. 2, along with CSG well numbers during the same 
period.

The average annual rates of hospitalisation for each age 
group and study area are shown in Table 2. Higher rates were 
present in the 0–4 year old age group compared to other 
age groups for ‘Infectious disease’, ‘Ear’, and ‘Respiratory’ 
diseases whereas in the 15–19 year old age group, higher 
rates were observed for ‘Mental disorders’, ‘Genitourinary’ 
diseases, and ‘Injuries’.

Tables 3 and 4 show the results for the adjusted models 
for ‘All-cause’ admissions and all ICD chapters, separated 
by age group. The results are summarised by each age group 
below.

0–4 year olds

As shown in Table 4, ‘Respiratory’ disease-related admis-
sion rates increased in the CSG area relative to both the 
CHI and RLI areas. Rates in the CSG area increased by 
7% per year compared to the CHI area and by 6% per year 
compared to the RLI area. For this age group, the highest 
proportion of ‘Respiratory’ disease admissions fell under the 
‘Acute upper respiratory infections’ subchapter. ‘Other acute 
lower respiratory infections’, ‘Influenza and pneumonia’, and 
‘Chronic lower respiratory diseases’ accounted for the sec-
ond through fourth subchapters with the most ‘Respiratory’ 
disease admissions. For the CSG area, primary diagnoses 
were predominantly for ‘Acute upper respiratory infection, 
unspecified’, ‘Acute obstructive laryngitis’, ‘Pneumonia, 
unspecified’, and ‘Asthma, unspecified’.

Additionally, ‘Congenital’ malformation admission rates 
increased by 12% per year in the CSG area compared to the 
RLI area (Table 4).

5–9 year olds

The strongest age-specific effects were observed in this age 
group. ‘All-cause’ hospitalisation rates increased by 4% per 
year in the CSG area relative to the CHI area and by 9% per 
year in the CSG area relative to the RLI area, after adjusting 
for relevant variables (Table 3).

As shown in Table 3, there was a 467% per year increase 
in ‘Blood/immune’ disease admission rates in the CSG 
area per year relative to the RLI area, after adjustment. For 
5–9 year olds in the CSG area, the most common ‘Blood/
immune’ diseases were ‘Agranulocytosis’, ‘Secondary 
thrombocytopenia’, and ‘Anaemia, unspecified’. Over the 
entire study period, the total number of ‘Blood/immune’ 
disease admissions were 67, 46, and 10 for the CSG, CHI, 
and RLI areas, respectively.

Adjustment for covariates revealed a 95% increase per 
year in ‘Neoplasms’ admission rates in the CSG area relative 
to the RLI area. The CHI area also showed an increase of 

94% per year relative to the RLI area. ‘Musculoskeletal’ dis-
ease admission rates and ‘Injuries’ admission rates increased 
by 36% per year and 8% per year, respectively, in the CSG 
area compared to the RLI area (Table 4).

10–14 year olds

Adjusted model results showed that ‘Respiratory’ disease-
related rates increased by 9 and 11% per year in the CSG 
area relative to the CHI area and to the RLI area, respec-
tively (Table 4). For all three study areas, the greatest pro-
portions of ‘Respiratory’ disease admissions came from the 
‘Other diseases of upper respiratory tract’ subchapter, fol-
lowed by the ‘Acute upper respiratory infections’, ‘Chronic 
lower respiratory diseases’, and ‘Influenza and pneumonia’ 
subchapters. In the CSG area, the most common diagno-
ses in the ‘Respiratory’ chapter, which differ from the most 
common diagnoses for 0–4 year olds, were ‘Chronic tonsil-
litis’, ‘Asthma, unspecified’, and ‘Acute tonsillitis’.

Additionally, Table 4 shows the adjusted model results 
indicated that ‘Digestive’ disease rates increased by 19% in 
the CSG area compared to the RLI area.

15–19 year olds

The adjusted model results showed admission rates due to 
any cause increased by 6% per year in the CSG area com-
pared to the CHI area. For this age group, ‘Neoplasm’-
related admission rates increased by 18% per year in the 
CSG area relative to the RLI area (Table 3). After adjusting 
for covariates, ‘Mental disorders’-related admission rates 
increased by 17% per year in the CSG area compared to the 
RLI area. These admission rates also increased by 24% in 
the CHI area relative to the RLI area. Finally, ‘Digestive’ 
disease hospitalisation rates increased by 8% per year in the 
CSG area compared to the CHI area (Table 4).

Discussion

Increasing rates of child and adolescent hospital admissions 
in the CSG area were present when compared to child and 
adolescent hospital admissions in the CHI and/or RLI areas 
for a number of ICD chapters This is the first study in Aus-
tralia to examine CSG development and hospitalisation rates 
for children and adolescents.

In a previous study of all-ages hospital admissions in the 
same geographic areas, the strongest associations in terms 
of relative changes in hospital admissions were evident for 
‘Neoplasms’ and ‘Blood/immune’ diseases in the CSG area 
compared to the RLI area and for ‘Congenital’ outcomes 
in the CSG area compared to the CHI area (Werner et al. 
2016a, b). In the current study, the strongest associations 



1312 Maternal and Child Health Journal (2018) 22:1306–1318

1 3

Table 2  Average annual rate per 
1000 persons for children and 
adolescents in each study area 
categorised by ICD chapters

CSG CHI RLI CSG CHI RLI

All-cause Respiratory
 0–4 years 254.64 255.77 318.31  0–4 years 64.77 61.16 94.22
 5–9 years 117.07 117.40 126.50  5–9 years 23.52 23.35 33.29
 10–14 years 104.96 118.97 144.37  10–14 years 12.36 11.60 22.87
 15–19 years 262.73 245.36 358.63  15–19 years 16.09 15.79 24.99

Infectious disease Digestive
 0–4 years 21.69 22.13 33.96  0–4 years 21.16 18.30 16.70
 5–9 years 6.98 5.97 9.12  5–9 years 16.34 17.04 14.92
 10–14 years 4.03 3.67 9.77  10–14 years 11.27 13.22 9.54
 15–19 years 7.34 5.73 10.81  15–19 years 31.05 32.65 34.28

Neoplasms Skin
 0–4 years 1.96 2.76 1.70  0–4 years 3.35 5.49 7.80
 5–9 years 2.83 1.25 0.51  5–9 years 2.69 3.42 4.57
 10–14 years 3.24 2.87 1.12  10–14 years 2.93 5.04 7.58
 15–19 years 3.80 4.21 1.94  15–19 years 7.46 8.77 14.72

Blood/immune Musculoskeletal
 0–4 years 0.91 1.13 1.60  0–4 years 1.35 1.36 2.02
 5–9 years 1.19 0.88 0.79  5–9 years 1.66 1.45 3.12
 10–14 years 0.53 0.58 0.31  10–14 years 3.83 3.91 6.14
 15–19 years 1.81 0.58 1.16  15–19 years 11.89 9.66 8.57

Endocrine Genitourinary
 0–4 years 2.10 2.30 1.24  0–4 years 5.78 6.38 7.31
 5–9 years 4.23 1.15 0.35  5–9 years 3.29 3.65 3.75
 10–14 years 3.69 2.54 1.39  10–14 years 3.33 2.94 4.32
 15–19 years 4.67 2.64 6.12  15–19 years 9.69 10.45 14.33

Mental disorders Pregnancy
 0–4 years 0.33 0.16 0.33  10–14 years 0.18 0.36 0.41
 5–9 years 0.55 0.25 0.35  15–19 years 42.64 37.82 53.47

Perinatal
 10–14 years 2.30 1.96 2.45  0–4 years 35.30 32.01 28.53
 15–19 years 12.70 8.02 14.12  5–9 years 0.02 0.00 0.00

Nervous system Congenital
 0–4 years 5.21 3.55 3.26  0–4 years 12.16 9.68 10.82
 5–9 years 3.34 1.64 3.23  5–9 years 2.43 1.90 1.67
 10–14 years 2.54 1.57 4.03  10–14 years 1.85 1.37 1.94
 15–19 years 3.58 3.13 6.08  15–19 years 1.15 1.20 1.67

Eye Symptoms NEC
 0–4 years 2.36 2.23 2.31  0–4 years 18.36 19.40 28.29
 5–9 years 1.13 0.98 1.21  5–9 years 6.25 7.23 7.74
 10–14 years 0.68 0.66 2.01  10–14 years 7.67 8.18 12.40
 15–19 years 0.72 1.03 1.90  15–19 years 14.58 14.79 26.42

Ear Injuries
 0–4 years 10.82 12.93 14.63  0–4 years 30.70 32.91 39.63
 5–9 years 6.42 9.23 7.42  5–9 years 24.78 30.20 26.64
 10–14 years 1.84 2.66 4.55  10–14 years 34.84 44.70 46.55
 15–19 years 0.73 1.23 1.29  15–19 years 60.14 70.04 88.74

Circulatory
 0–4 years 0.65 0.75 0.79
 5–9 years 1.17 0.72 1.00
 10–14 years 1.37 0.97 1.27
 15–19 years 1.53 2.04 2.14
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were observed for ‘All-cause’ admission rates for 5–9 year 
olds and ‘Respiratory’ disease admission rates for 0–4 and 
10–14 year olds. For both of these outcomes, rates in the 
CSG area increased compared to rates in the CHI area and 
compared to rates in the RLI area.

As previously noted, the majority of the UNGD litera-
ture covers shale gas development in the USA (Werner et al. 
2015). It has been stated that the outcomes from these stud-
ies may not necessarily translate to the CSG context due to a 
number of differences, including regulatory aspects, geologi-
cal formations, and extraction processes (NSW Chief Scien-
tist and Engineer 2013; Werner et al. 2016a). However, due 
to the lack of available CSG-specific literature, the UNGD 
evidence base is discussed below.

While not particularly focused on children and adoles-
cents, numerous outcomes have been identified in the litera-
ture as being potentially positively associated with UNGD 
including: infectious disease outcomes (Werner et al., n.d.; 
Zou et al. 2006); mental health (Ferrar et al. 2013; McDer-
mott-Levy and Garcia 2016; Morgan et al. 2016; Perry 2013; 
Steinzor et al. 2013; Subra 2009; Werner et al., n.d.); neo-
plasms (McKenzie et al. 2012; Werner et al., n.d., 2016a); 
blood/immune diseases (Werner et al., n.d., 2016a); birth 
outcomes (Hill 2012; McKenzie et al. 2014; Stacy et al. 
2015); cardiovascular outcomes (Subra 2010); dermatologi-
cal symptoms (Rabinowitz et al. 2015; Steinzor et al. 2013; 
Subra 2009); eye symptoms (Steinzor et al. 2013; Subra 
2010); ear/nose/mouth/throat symptoms (Steinzor et al. 
2013; Subra 2009, 2010); gastrointestinal outcomes (Ferrar 
et al. 2013; Steinzor et al. 2013); musculoskeletal symptoms 
(Steinzor et al. 2013; Subra 2009); neurological symptoms 
(Subra 2010); and respiratory outcomes (Brown et al. 2015; 
Rabinowitz et al. 2015; Steinzor et al. 2013; Subra 2009). 
Most of these outcomes have been discussed in the context 
of symptoms reported by residents living near UNGD rather 
than residents being hospitalised for such conditions.

The majority of studies have not specifically examined 
children; however, a small number of studies have exam-
ined children’s health in relation to UNGD. These studies 
have examined birth outcomes (Coons and Walker 2008; 

Hill 2012; McKenzie et  al. 2014; Stacy et  al. 2015) or 
childhood cancer (Fryzek et al. 2013) in the USA. Poten-
tial associations were observed between UNGD and certain 
birth outcomes (e.g., congenital heart defects, low birth 
weight, neural tube defects, and small for gestational age). 
Such outcomes would fall under the broader ‘Perinatal’ or 
‘Congenital’ ICD chapters examined here; however, the 
aforementioned studies used specific datasets, such as data 
from vital statistics or birth defects monitoring databases, 
as opposed to primary diagnosis codes from hospital admis-
sions databases.

Only one study used hospital admissions data and specifi-
cally examined a child and adolescent cohort (Coons and 
Walker 2008). Those authors found that Garfield County 
(i.e., the county with UNGD) had the highest rate for upper 
respiratory infections, bronchitis, and asthma in children as 
compared to three other counties, but the lowest rates for 
other respiratory infections or inflammation in children. In 
our study, 0–4 and 10–14 year olds in the RLI area had the 
highest rate of ‘Respiratory’ disease-related admissions, 
showing a greater absolute risk; however, after accounting 
for sociodemographic variables, the CSG area had increas-
ing rates compared to the CHI and RLI areas, showing a 
greater relative risk. ‘Acute upper respiratory infections’ 
and ‘Asthma’ were some of the primary diagnoses with the 
greatest number of admissions for 0–4 and/or 10–14 year 
olds, which are similar to the diagnoses found for Garfield 
County.

Webb et al. (2014) reviewed the literature to examine 
developmental and reproductive effects of chemicals poten-
tially associated with UNGD and noted that inhalation is a 
common route of exposure. Air quality can be affected by 
UNGD as a variety of chemicals are emitted including meth-
ane, nitrogen oxides  (NOx), and volatile organic compounds 
(VOCs) (Webb et al. 2014). Ground-level ozone, which can 
create additional potential health impacts, is formed through 
 NOx reacting with VOCs and sunlight (Webb et al. 2014). 
While exposure to these pollutants could contribute to res-
piratory-related outcomes, Queensland Health noted that 
reported concentrations of numerous atmospheric analytes 

Table 2  (continued) CSG coal seam gas, CHI coal high-impact, and RLI rural low-impact
ICD code ranges are: A00–B99 = ‘Certain infectious and parasitic diseases’; C00–D48 = ‘Neoplasms’; 
D50–D89 = ‘Diseases of the blood and blood-forming organs and certain disorders involving the immune 
mechanism’; E00–E90 = ‘Endocrine, nutritional and metabolic diseases’; F00–F99 = ‘Mental and behav-
ioural disorders’; G00–G99 = ‘Diseases of the nervous system’; H00–H59 = ‘Diseases of the eye and 
adnexa’; H60–H95 = ‘Diseases of the ear and mastoid process’; I00–I99 = ‘Diseases of the circulatory 
system’; J00–J99 = ‘Diseases of the respiratory system’; K00–K93 = ‘Diseases of the digestive system’; 
L00–L99 = ‘Diseases of the skin and subcutaneous tissue’; M00–M99 = ‘Diseases of the musculoskeletal 
system and connective tissue’; N00–N99 = ‘Diseases of the genitourinary system’; O00–O99 = ‘Pregnancy, 
childbirth and the puerperium’; P00–P96 = ‘Certain conditions originating in the perinatal period’; Q00–
Q99 = ‘Congenital malformations, deformations and chromosomal abnormalities’; R00–R99 = ‘Symptoms, 
signs and abnormal clinical and laboratory findings, not elsewhere classified’; and S00–T98 = ‘Injury, poi-
soning and certain other consequences of external causes’
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measured in a CSG area (i.e., Tara, Queensland) were not 
expected to be associated with adverse health impacts 
(Queensland Government 2013). However, it was also noted 
that an air quality monitoring program could be put in place 
to analyse ambient air quality in CSG development areas in 
Queensland to better understand these associations, if any 
(Queensland Government 2013).

Coons and Walker (2008) also noted that ‘Blood/immune’ 
disease admission rates for Garfield County decreased over 
the 7-year study period. This contradicts the findings pre-
sented in the current study and those findings presented in 
previous studies (Werner et al., 2016a). However, while the 
largest effect sizes were noted for ‘Blood/immune’ diseases 
for 5–9 year olds in the CSG and CHI areas relative to the 
RLI area, the ‘Blood/immune’ disease effect sizes must be 
considered alongside the average annual rates that were 
presented. The average rates for these age groups ranged 
from 0.79 to 1.19 per 1000 persons for the three study areas, 
indicating a low base rate where small numbers would likely 
contribute to larger estimates and wider confidence intervals.

In comparing the findings presented here to findings 
from a previous Australian study that examined age-spe-
cific impacts on younger, middle, and older adults (Werner 
et al., n.d.), several key differences appeared. ‘Congenital’ 
outcomes were found only for the 0–4 year olds, which 
would be expected due to the nature of the health outcomes 
within the ICD chapter. ‘Respiratory’ and ‘Digestive’ dis-
ease-related rate increases were found only in the child and 
adolescent cohort, and ‘Musculoskeletal’ and ‘Injuries’ rate 
increases were observed only in the 5–9 year old age group. 
Increases were noted for several ICD chapters that spanned 
the child and adolescent and adult cohorts including ‘Neo-
plasms’, ‘Blood/immune’ diseases, and ‘Mental disorders’. 
Therefore, the results presented here suggest that there are 
age-specific health impacts that need to be considered, par-
ticularly given the uniqueness and vulnerability of children 
(Merrick 2013).

Several important limitations are associated with this 
study (Werner et al. 2016a). These include the use of hos-
pital admissions data, which represents more severe forms 
of morbidity, and excludes those residents who do not seek 
health care, meaning that the rates presented here have 
likely been underestimated. The coverage of the QHAPDC 
dataset is extensive, covering all hospitals that are permit-
ted to admit patients, including public hospitals, licensed 
private hospitals, day surgery units, and public psychiatric 
hospitals (Queensland Health 2015). However, these data 
do not include less severe sequelae for which a person is not 

Table 3  Adjusted rate ratios (RR) and 95% CI for hospitalisation 
rates over time (All-cause and ICD Chaps. 1–9) in three study areas 
for a child and adolescent cohort

CSG is compared against the CHI reference (Column 1) and the RLI 
reference (Column 2). CHI is compared against the RLI reference 
(Column 3). CHI coal high-impact, CSG coal seam gas, and RLI rural 
low-impact
Adjusted for: gender, proportion Australian-born, proportion 
employed full-time, proportion Indigenous, proportion white collar, 
weight average median household income, and weight average mean 
household size
ICD chapter code ranges are shown in Table  1. ‘Blood/immune’ 
10–14 years, ‘Mental disorders’ 0–4  years and 5–9  years, ‘Eye’ 

CSG vs. CHI CSG vs. RLI CHI vs. RLI

All-cause
 0–4 years 1.00 [0.98, 1.03] 1.02 [0.99, 1.05] 1.01 [0.98, 1.05]
 5–9 years 1.04 [1.00, 1.09] 1.09 [1.04, 1.14] 1.04 [0.99, 1.09]
 10–14 years 0.98 [0.94, 1.02] 1.03 [0.98, 1.08] 1.05 [1.00, 1.11]
 15–19 years 1.06 [1.00, 1.12] 1.05 [0.99, 1.12] 0.99 [0.93, 1.06]

Infectious disease
 0–4 years 0.98 [0.91, 1.07] 1.05 [0.95, 1.15] 1.07 [0.96, 1.18]
 5–9 years 1.08 [0.98, 1.20] 1.12 [1.00, 1.25] 1.03 [0.91, 1.17]
 10–14 years 0.96 [0.84, 1.09] 1.07 [0.93, 1.24] 1.12 [0.95, 1.33]
 15–19 years 1.12 [0.99, 1.27] 1.04 [0.91, 1.18] 0.93 [0.80, 1.08]

Neoplasms
 0–4 years 0.87 [0.67, 1.13] 0.85 [0.60, 1.19] 0.97 [0.69, 1.38]
 5–9 years 1.00 [0.68, 1.49] 1.95 [1.27, 3.00] 1.94 [1.19, 3.15]
 10–14 years 0.89 [0.69, 1.15] 1.22 [0.87, 1.71] 1.37 [0.98, 1.92]
 15–19 years 1.05 [0.95, 1.17] 1.18 [1.04, 1.33] 1.12 [0.98, 1.28]

Blood/immune
 0–4 years 0.96 [0.67, 1.37] 1.23 [0.82, 1.83] 1.28 [0.82, 2.00]
 5–9 years 0.95 [0.33, 2.77] 5.67 [2.39, 13.44] 5.96 [1.52, 23.46]
 15–19 years 0.61 [0.38, 0.98] 0.86 [0.56, 1.31] 1.40 [0.80, 2.46]

Endocrine
 0–4 years 1.07 [0.88, 1.30] 1.25 [0.99, 1.57] 1.16 [0.91, 1.49]
 5–9 years 1.03 [0.73, 1.44] 1.03 [0.71, 1.47] 1.00 [0.65, 1.54]
 10–14 years 0.75 [0.58, 0.95] 0.66 [0.51, 0.85] 0.88 [0.65, 1.20]
 15–19 years 0.66 [0.51, 0.86] 0.75 [0.60, 0.95] 1.13 [0.82, 1.56]

Mental disorders
 10–14 years 0.87 [0.70, 1.08] 0.96 [0.74, 1.23] 1.10 [0.84, 1.44]
 15–19 years 0.95 [0.84, 1.07] 1.17 [1.04, 1.32] 1.24 [1.07, 1.44]

Nervous system
 0–4 years 1.08 [0.91, 1.27] 0.91 [0.76, 1.09] 0.84 [0.68, 1.04]
 5–9 years 1.02 [0.83, 1.25] 0.99 [0.81, 1.21] 0.97 [0.75, 1.26]
 10–14 years 0.86 [0.69, 1.07] 1.12 [0.89, 1.40] 1.31 [0.99, 1.73]
 15–19 years 1.05 [0.85, 1.29] 0.90 [0.71, 1.13] 0.85 [0.67, 1.09]

Eye
 15–19 years 1.17 [0.82, 1.68] 1.09 [0.73, 1.64] 0.93 [0.60, 1.44]

Ear
 0–4 years 1.04 [0.97, 1.11] 1.00 [0.92, 1.09] 0.96 [0.89, 1.05]
 5–9 years 1.07 [0.97, 1.19] 1.12 [0.99, 1.27] 1.04 [0.92, 1.19]
 10–14 years 1.02 [0.87, 1.20] 1.03 [0.85, 1.24] 1.01 [0.83, 1.22]

Circulatory
 0–4 years 0.71 [0.51, 0.98] 0.81 [0.55, 1.19] 1.13 [0.76, 1.70]
 5–9 years 1.13 [0.84, 1.54] 0.91 [0.65, 1.26] 0.80 [0.55, 1.16]
 15–19 years 1.02 [0.81, 1.27] 0.96 [0.73, 1.27] 0.95 [0.71, 1.26]

0–4 years, 5–9 years, and 10–14 years, ‘Ear’ 15–19 years, and ‘Circu-
latory’ 10–14 years excluded from table due to an insufficient number 
of cases

Table 3  (continued)
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admitted to hospital. Outcomes and syndromes that fall in 
this category may be seen by a GP or not at all, so would not 
be captured in these data. Additionally, repeat admissions 
were included in the dataset, meaning that a resident could 
have been admitted on more than one occasion in 1 year for 
the same primary diagnosis.

The nature of this study and the available data means that 
critical periods, other than the period effects of CSG devel-
opment, such as in utero exposures were not considered. 
This study only assesses exposures and outcomes during 
the study period. Using very broad measures of exposure, it 
should be noted that the oldest age group (15–19 year olds) 
would not have been exposed throughout their lives due to 
the timeline of CSG development. Furthermore, there are 
low case numbers for certain age groups and outcomes, so 
some associations that were found may be due to small num-
bers or stochastic variations. It is also possible that residual 
confounding or unmeasured confounding influenced the 
results (Fewell et al. 2007).

The results from this exploratory study indicate possible 
age-specific trends for potential health impacts of CSG within 
a child and adolescent cohort in Queensland, Australia that 
warrant further exploration with more sophisticated study 
designs. This study was not intended to examine potential 
causal associations. For the current study, data were grouped 
according to their respective broad geographic areas due to pri-
vacy and confidentiality concerns associated with data access 
and approval through Queensland Health, which also includes 
issues with potentially smaller numbers in the RLI area.

A future direction to consider is to look at sex-specific 
differences in the relationships presented here. Future stud-
ies should strive to use higher resolution data, if accessible. 
This would allow for additional research, such as spatial 
analyses to determine child and adolescent locations relative 
to home or school and areas where CSG well development 
is occurring. Additionally, specific datasets (e.g., congenital 
anomalies and perinatal outcomes) may be more useful to 
examine such outcomes more in-depth, as other studies have 
done elsewhere, as opposed to using a hospital admissions 
database. If similar assessments of health impacts were to 
continue, whether through the public or the private sector, 
this would ensure that stakeholders in the resources sector 
and communities would have an evidence-base to inform 
ongoing monitoring and evaluation.

These findings show that there are potential maternal and 
child health policy implications to consider in relation to 
CSG development activity. Additional work is needed to 
confirm the associations presented here and in other studies, 

Table 4  Adjusted rate ratios (RR) and 95% CI for hospitalisation 
rates over time (ICD Chaps. 10–19) in three study areas for a child 
and adolescent cohort

CSG is compared against the CHI reference (Column 1) and the RLI 
reference (Column 2). CHI is compared against the RLI reference 
(Column 3). CHI coal high-impact, CSG coal seam gas, and RLI rural 
low-impact
Adjusted for: gender, proportion Australian-born, proportion 
employed full-time, proportion Indigenous, proportion white collar, 
weight average median household income, and weight average mean 
household size
ICD chapter code ranges are shown in Table  1. ‘Respiratory’ 
5–9  years, ‘Musculoskeletal’ 15–19  years, ‘Pregnancy’ 0–4  years, 

CSG vs. CHI CSG vs. RLI CHI vs. RLI

Respiratory
 0–4 years 1.07 [1.04, 1.11] 1.06 [1.02, 1.10] 0.99 [0.94, 1.03]
 10–14 years 1.09 [1.01, 1.18] 1.11 [1.01, 1.21] 1.01 [0.92, 1.11]
 15–19 years 1.00 [0.92, 1.08] 1.00 [0.92, 1.09] 1.00 [0.91, 1.11]

Digestive
 0–4 years 1.00 [0.95, 1.06] 1.03 [0.97, 1.11] 1.03 [0.96, 1.11]
 5–9 years 1.04 [0.96, 1.12] 0.99 [0.91, 1.08] 0.95 [0.87, 1.05]
 10–14 years 1.07 [0.99, 1.17] 1.19 [1.07, 1.31] 1.11 [0.99, 1.23]
 15–19 years 1.08 [1.02, 1.14] 1.00 [0.94, 1.07] 0.93 [0.87, 1.00]

Skin
 0–4 years 0.98 [0.88, 1.09] 1.02 [0.89, 1.16] 1.03 [0.91, 1.18]
 5–9 years 0.91 [0.80, 1.05] 1.10 [0.93, 1.30] 1.20 [1.01, 1.43]
 10–14 years 0.97 [0.86, 1.10] 0.89 [0.76, 1.04] 0.92 [0.79, 1.07]
 15–19 years 1.10 [0.98, 1.22] 1.00 [0.88, 1.13] 0.91 [0.79, 1.04]

Musculoskeletal
 0–4 years 0.97 [0.74, 1.26] 0.78 [0.56, 1.08] 0.80 [0.56, 1.15]
 5–9 years 1.13 [0.87, 1.45] 1.36 [1.03, 1.81] 1.21 [0.88, 1.66]
 10–14 years 1.05 [0.90, 1.21] 1.06 [0.90, 1.25] 1.01 [0.84, 1.21]

Genitourinary
 0–4 years 0.99 [0.89, 1.09] 0.97 [0.85, 1.10] 0.98 [0.86, 1.11]
 5–9 years 1.10 [0.93, 1.29] 1.16 [0.95, 1.42] 1.06 [0.87, 1.29]
 10–14 years 1.14 [0.97, 1.34] 1.18 [0.99, 1.41] 1.04 [0.85, 1.26]
 15–19 years 0.99 [0.91, 1.09] 1.00 [0.90, 1.10] 1.00 [0.90, 1.12]

Pregnancy
 15–19 years 1.02 [0.96, 1.08] 1.05 [0.98, 1.12] 1.03 [0.96, 1.11]

Perinatal
 0–4 years 0.89 [0.84, 0.93] 0.94 [0.89, 1.00] 1.06 [1.00, 1.13]

Congenital
 0–4 years 1.08 [0.99, 1.17] 1.12 [1.02, 1.23] 1.04 [0.94, 1.15]
 5–9 years 1.18 [0.99, 1.41] 0.95 [0.78, 1.16] 0.80 [0.65, 0.99]
 10–14 years 1.07 [0.85, 1.34] 0.93 [0.73, 1.17] 0.87 [0.66, 1.13]
 15–19 years 0.84 [0.60, 1.16] 0.87 [0.62, 1.22] 1.04 [0.71, 1.54]

Symptoms NEC
 0–4 years 0.93 [0.86, 1.01] 0.99 [0.90, 1.08] 1.06 [0.96, 1.17]
 10–14 years 0.95 [0.86, 1.05] 1.00 [0.89, 1.13] 1.05 [0.93, 1.20]
 15–19 years 0.94 [0.86, 1.04] 0.91 [0.82, 1.02] 0.97 [0.86, 1.09]

Injuries
 0–4 years 1.03 [0.97, 1.10] 1.00 [0.93, 1.07] 0.97 [0.90, 1.04]
 5–9 years 1.01 [0.96, 1.07] 1.08 [1.01, 1.15] 1.06 [0.99, 1.13]
 10–14 years 0.98 [0.93, 1.04] 1.02 [0.96, 1.09] 1.04 [0.97, 1.12]
 15–19 years 1.06 [1.00, 1.11] 1.03 [0.97, 1.10] 0.98 [0.92, 1.05]

5–9 years, and 10–14 years, ‘Perinatal’ 5–9 years, 10–14 years, and 
15–19  years, and ‘Symptoms NEC’ 5–9  years excluded from table 
due to an insufficient number of cases

Table 4  (continued)
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but the current conclusions suggest the need for the con-
sideration of the impacts of UNG activities in relation to 
the location of communities in which the activities occur 
(i.e., that there are appropriate setbacks based on health-
related standards). Environmental public health practitioners 
should be included and consulted throughout the process. 
Governments should establish monitoring systems to allow 
for tracking the incidence and prevalence of diseases thought 
to be associated with UNGD (Finkel et al. 2013) in conjunc-
tion with exposure data, particularly for those exposures that 
occur in utero and may influence birth outcomes.

In conclusion, increasing rates of hospitalisation for 
children and adolescents were evident in the CSG area for 
certain ICD chapters compared to the rates in the CHI and/
or RLI study areas. The results suggest that potential age-
specific health impacts should be taken into account when 
considering current and future CSG development, as some 
trends were found for certain age groups and health out-
comes. The findings suggest areas that should be explored 
further, including sub-chapters within specific ICD chapters 
and examining additional datasets for certain outcomes.

Acknowledgements The authors would like to thank Queensland 
Health for providing the QHAPDC data and Janelle Blyth for her 
assistance with the QHAPDC dataset. Dr Cameron was supported by 
a Public Health Fellowship (ID 428254) from the National Health and 
Medical Research Council (NHMRC).

Funding This work was supported by the University of Queensland, 
as well as the University of Queensland’s Minerals Industry Safety and 
Health Centre and Centre for Water in the Minerals Industry. Aspects 
of this work not reported on here have been supported by the Univer-
sity of Queensland’s Centre for Coal Seam Gas. The university and 
the centres had no role in the preparation of this manuscript or in the 
decision to publish. The scientific interpretation was not subject to any 
funders’ control.

Compliance with Ethical Standards 

Conflict of interest The authors declare that they have no conflict of 
interest.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

Adgate, J. L., Goldstein, B. D., & McKenzie, L. M. (2014). Potential 
public health hazards, exposures and health effects from uncon-
ventional natural gas development. Environmental Science & 
Technology, 48, 8307–8320. https ://doi.org/10.1021/es404 621d.

Agency for Toxic Substances and Disease Registry. (2012). Principles 
of pediatric environmental health. ATSDR case studies in environ-
mental medicine. Retrieved from http://www.atsdr .cdc.gov/csem/
ped_env_healt h/docs/ped_env_healt h.pdf.

Australian Bureau of Statistics. (2011). Australian standard geographi-
cal classification (ASGC), July 2011. Retrieved from http://www.
abs.gov.au/AUSST ATS/abs@.nsf/Lates tprod ucts/DEDA5 54E1B 
6BB78 BCA25 791F0 00EEA 26.

Australian Bureau of Statistics. (2014). Community profiles. 
Retrieved from http://www.abs.gov.au/websi tedbs /censu shome 
.nsf/home/commu nityp rofil es?opend ocume nt&navpo s=230.

Barker, D. J. (2007). The origins of the developmental origins theory. 
Journal of Internal Medicine, 261(5), 412–417. https ://doi.org/
10.1111/j.1365-2796.2007.01809 .x.

Bearer, C. F. (1995). Environmental health hazards: How children 
are different from adults. The Future of Children, 5(2), 11–26. 
Retrieved from https ://www.princ eton.edu/futur eofch ildre n/
publi catio ns/docs/05_02_02.pdf.

Bharadwaj, L., & Goldstein, B. D. (2015). Shale gas development in 
Canada: What are the potential health effects? CMAJ: Canadian 
Medical Association Journal, 187(3), E99–E100. https ://doi.
org/10.1503/cmaj.14059 9.

Brown, D., Lewis, C., & Weinberger, B. (2015). Human exposure to 
unconventional natural gas development: A public health dem-
onstration of periodic high exposure to chemical mixtures in 
ambient air. Journal of Environmental Science and Health, Part 
A: Toxic/Hazardous Substances & Environmental Engineering, 
50(5), 460–472. https ://doi.org/10.1080/10934 529.2015.99266 
3.

Casey, J. A., Savitz, D. A., Rasmussen, S. G., Ogburn, E. L., Pollak, J., 
Mercer, D. G., & Schwartz, B. S. (2015). Unconventional natural 
gas development and birth outcomes in Pennsylvania, USA. Epi-
demiology, 27(2), 163–172. https ://doi.org/10.1097/EDE.00000 
00000 00038 7.

Cook, P., Beck, V., Brereton, D., Clark, R., Fisher, B., Kentish, S., … 
Williams, J. (2013). Engineering energy: Unconventional gas pro-
duction Report for the Australian Council of Learned Academies.

Coons, T., & Walker, R. (2008). Community health risk analysis of 
oil and gas industry impacts in Garfield County. Grand Junction, 
CO. Retrieved from http://www.garfi eld-count y.com/publi c-healt 
h/docum ents/1._COMMU NITY_HEALT H_RISK_ANALY SIS-
(Compl ete_Repor t_16MB).pdf.

Department of Natural Resources and Mines. (2014). Queensland’s 
coal seam gas overview. Retrieved from http://mines .indus try.qld.
gov.au/asset s/coal-pdf/csg-updat e-2014.pdf.

Department of Natural Resources and Mines. (2015). Queensland’s 
deep gas and oil potential. Retrieved from https ://www.dnrm.qld.
gov.au/__data/asset s/pdf_file/0018/23813 1/qld-deep-gas-oil.pdf.

Elliott, E. G., Trinh, P., Ma, X., Leaderer, B. P., Ward, M. H., & Deziel, 
N. C. (2017). Unconventional oil and gas development and risk 
of childhood leukemia: Assessing the evidence. Science of the 
Total Environment, 576, 138–147. https ://doi.org/10.1016/j.scito 
tenv.2016.10.072.

Ferrar, K. J., Kriesky, J., Christen, C. L., Marshall, L. P., Malone, S. 
L., Sharma, R. K., … Goldstein, B. D. (2013). Assessment and 
longitudinal analysis of health impacts and stressors perceived to 
result from unconventional shale gas development in the Marcel-
lus Shale region. International Journal of Occupational and Envi-
ronmental Health, 19(2), 104–112. https ://doi.org/10.1179/20493 
96713 Y.00000 00024 .

Fewell, Z., Davey Smith, G., & Sterne, J. A. C. (2007). The impact of 
residual and unmeasured confounding in epidemiologic studies: 
A simulation study. American Journal of Epidemiology, 166(6), 
646–655. https ://doi.org/10.1093/aje/kwm16 5.

Finkel, M. L., Hays, J., & Law, A. (2013). Modern natural gas 
development and harm to health: The need for proactive 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1021/es404621d
http://www.atsdr.cdc.gov/csem/ped_env_health/docs/ped_env_health.pdf
http://www.atsdr.cdc.gov/csem/ped_env_health/docs/ped_env_health.pdf
http://www.abs.gov.au/AUSSTATS/abs@.nsf/Latestproducts/DEDA554E1B6BB78BCA25791F000EEA26
http://www.abs.gov.au/AUSSTATS/abs@.nsf/Latestproducts/DEDA554E1B6BB78BCA25791F000EEA26
http://www.abs.gov.au/AUSSTATS/abs@.nsf/Latestproducts/DEDA554E1B6BB78BCA25791F000EEA26
http://www.abs.gov.au/websitedbs/censushome.nsf/home/communityprofiles?opendocument&navpos=230
http://www.abs.gov.au/websitedbs/censushome.nsf/home/communityprofiles?opendocument&navpos=230
https://doi.org/10.1111/j.1365-2796.2007.01809.x
https://doi.org/10.1111/j.1365-2796.2007.01809.x
https://www.princeton.edu/futureofchildren/publications/docs/05_02_02.pdf
https://www.princeton.edu/futureofchildren/publications/docs/05_02_02.pdf
https://doi.org/10.1503/cmaj.140599
https://doi.org/10.1503/cmaj.140599
https://doi.org/10.1080/10934529.2015.992663
https://doi.org/10.1080/10934529.2015.992663
https://doi.org/10.1097/EDE.0000000000000387
https://doi.org/10.1097/EDE.0000000000000387
http://www.garfield-county.com/public-health/documents/1._COMMUNITY_HEALTH_RISK_ANALYSIS-(Complete_Report_16MB).pdf
http://www.garfield-county.com/public-health/documents/1._COMMUNITY_HEALTH_RISK_ANALYSIS-(Complete_Report_16MB).pdf
http://www.garfield-county.com/public-health/documents/1._COMMUNITY_HEALTH_RISK_ANALYSIS-(Complete_Report_16MB).pdf
http://mines.industry.qld.gov.au/assets/coal-pdf/csg-update-2014.pdf
http://mines.industry.qld.gov.au/assets/coal-pdf/csg-update-2014.pdf
https://www.dnrm.qld.gov.au/__data/assets/pdf_file/0018/238131/qld-deep-gas-oil.pdf
https://www.dnrm.qld.gov.au/__data/assets/pdf_file/0018/238131/qld-deep-gas-oil.pdf
https://doi.org/10.1016/j.scitotenv.2016.10.072
https://doi.org/10.1016/j.scitotenv.2016.10.072
https://doi.org/10.1179/2049396713Y.0000000024
https://doi.org/10.1179/2049396713Y.0000000024
https://doi.org/10.1093/aje/kwm165


1317Maternal and Child Health Journal (2018) 22:1306–1318 

1 3

public health policies. ISRN Public Health, 2013, 5. https ://doi.
org/10.1155/2013/40865 8.

Fryzek, J., Pastula, S., Jiang, X., & Garabrant, D. (2013). Childhood 
cancer incidence in Pennsylvania counties in relation to living in 
counties with hydraulic fracturing sites. Journal of Occupational 
and Environmental Medicine, 55(7), 796–801.

Hill, E. (2012). Unconventional natural gas development and infant 
health: Evidence from Pennsylvania—working paper. Ithaca, NY. 
Retrieved from http://publi catio ns.dyson .corne ll.edu/resea rch/
resea rchpd f/wp/2012/Corne ll-Dyson -wp121 2.pdf.

Ismail, N., & Jemain, A. A. (2007). Handling overdispersion with 
negative binomial and generalized Poisson regression models. In 
Casualty actuarial society forum (pp. 103–158). Citeseer.

Kassotis, C. D., Tillitt, D. E., Chung-Ho, L., McElroy, J. A., & Nagel, 
S. C. (2016). Endocrine-disrupting chemicals and oil and natural 
gas operations: Potential environmental contamination and recom-
mendations to assess complex environmental mixtures. Environ-
mental Health Perspectives, 124(3), 256. https ://doi.org/10.1289/
ehp.14095 35.

Kassotis, C. D., Tillitt, D. E., Davis, J. W., Hormann, A. M., & Nagel, 
S. C. (2014). Estrogen and androgen receptor activities of hydrau-
lic fracturing chemicals and surface and ground water in a drill-
ing-dense region. Endocrinology, 155(3), 897–907. https ://doi.
org/10.1210/en.2013-1697.

Lacey, J., & Lamont, J. (2014). Using social contract to inform social 
licence to operate: An application in the Australian coal seam gas 
industry. Journal of Cleaner Production, 84, 831–839. https ://doi.
org/10.1016/j.jclep ro.2013.11.047.

Lauver, L. (2012). Environmental health advocacy: An overview of 
natural gas drilling in Northeast Pennsylvania and implications for 
pediatric nursing. Journal of Pediatric Nursing, 27(4), 383–389. 
https ://doi.org/10.1016/j.pedn.2011.07.012.

Ma, Z. Q., Sneeringer, K. C., Liu, L., & Kuller, L. H. (2016). Time 
series evaluation of birth defects in areas with and without uncon-
ventional natural gas development. Journal of Epidemiology and 
Public Health Reviews. https ://doi.org/10.16966 /2471-8211.107.

McDermott-Levy, R., & Garcia, V. (2016). Health concerns of North-
eastern Pennsylvania residents living in an unconventional oil and 
gas development county. Public Health Nursing, 33(6), 502–510. 
https ://doi.org/10.1111/phn.12265 .

McKenzie, L., Guo, R., Witter, R., Savitz, D., Newman, L., & Adgate, 
J. (2014). Birth outcomes and maternal residential proximity to 
natural gas development in rural Colorado. Environmental Health 
Perspectives, 122(4), 412–417.

McKenzie, L., Witter, R., Newman, L., & Adgate, J. (2012). 
Human health risk assessment of air emissions from develop-
ment of unconventional natural gas resources. Science of the 
Total Environment, 424, 79–87. https ://doi.org/10.1016/j.scito 
tenv.2012.02.018.

McMullin, T., Bamber, A., Flores, J., Vigil, D., & Van Dyke, M. 
(2017). Assessment of potential health effects from oil and gas 
operations in Colorado. Denver, CO. Retrieved from http://accda 
n.org/asset s/FULL_REPOR T-CDPHE _Study .pdf.

Measham, T. G., & Fleming, D. A. (2013). Impact of unconventional 
gas development on rural community decline: Working paper. 
CSIRO Retrieved from http://www.giser a.org.au/publi catio ns/
tech_repor ts_paper s/socio eco-proj-1-rural -decli ne-worki ngpap 
er.pdf.

Merrick, J. (2013). Child health and human development over the lifes-
pan. Frontiers in Public Health, 1, 1–2. https ://doi.org/10.3389/
fpubh .2013.00001 .

Morgan, M. I., Hine, D. W., Bhullar, N., Dunstan, D. A., & Bartik, W. 
(2016). Stressed: Coal seam gas extraction and farmers’ mental 
health. Journal of Environmental Psychology, 47, 22–32. https ://
doi.org/10.1016/j.jenvp .2016.04.012.

NSW Chief Scientist & Engineer. (2013). Initial report on the inde-
pendent review of coal seam gas activities in NSW. Sydney. 
Retrieved from http://www.chief scien tist.nsw.gov.au/__data/asset 
s/pdf_file/0016/31246 /13073 0_1046_CSE-CSG-July-repor t.pdf.

Perry, S. (2013). Using ethnography to monitor the community health 
implications of onshore unconventional oil and gas developments: 
Examples from Pennsylvania’s Marcellus Shale. New solutions: A 
Journal of Environmental and Occupational Health Policy, 23(1), 
33–53.

Queensland Government. (2011). Queensland’s petroleum explora-
tion and development potential. Brisbane. Retrieved from http://
mines .indus try.qld.gov.au/asset s/petro leum-and-gas-pdf/q_petro 
leum_2011.pdf.

Queensland Government. (2012). Data quality statement—Queens-
land Hospital Admitted Patient Collection (QHAPDC). Brisbane. 
Retrieved from https ://www.healt h.qld.gov.au/hsu/pdf/data-quali 
ty-state ment/qhapd c.pdf.

Queensland Government. (2013). Coal seam gas in the Tara region: 
Summary risk assessment of health complaints and environmental 
monitoring data. Brisbane. Retrieved from http://www.healt h.qld.
gov.au/publi catio ns/csg/docum ents/repor t.pdf.

Queensland Government. (2014). Coal seam gas production from June 
2005 to June 2013. Retrieved from https ://data.qld.gov.au/datas et/
coal-seam-gas-produ ction -and-reser ve-stati stics /resou rce/63a8a 
6cc-7fb6-4040-b4e7-9d453 b14d3 ed.

Queensland Health. (2015). Queensland Hospital Admitted Patient 
Data Collection (QHAPDC) manual, 2015-2016. Brisbane: 
Health Statistics Branch Retrieved from https ://www.healt h.qld.
gov.au/hsu/pdf/manua ls/qhapd c15-16/1516-qhapd cmanu al-final 
-v1.0.pdf.

Rabinowitz, P. M., Slizovskiy, I. B., Lamers, V., Trufan, S. J., Holford, 
T. R., Dziura, J. D., … Stowe, M. H. (2015). Proximity to natural 
gas wells and reported health status: Results of a household sur-
vey in Washington County, Pennsylvania. Environmental Health 
Perspectives, 123(1), 21–26.

Ross, C., & Darby, P. (2013). Unconventional gas: coal seam gas, shale 
gas and tight gas. East Melbourne. Retrieved from http://www.
parli ament .vic.gov.au/publi catio ns/resea rch-paper s/8927-uncon 
venti onal-gas-coal-seam-gas-shale -gas-and-tight -gas/downl oad.

Saunders, P. J., McCoy, D., Goldstein, R., Saunders, A. T., & Munroe, 
A. (2016). A review of the public health impacts of unconven-
tional natural gas development. Environmental Geochemistry and 
Health, 1–57. https ://doi.org/10.1007/s1065 3-016-9898-x.

Stacy, S. L. (2017). A review of the human health impacts of unconven-
tional natural gas development. Current Epidemiology Reports. 
https ://doi.org/10.1007/s4047 1-017-0097-9.

Stacy, S. L., Brink, L. L., Larkin, J. C., Sadovsky, Y., Goldstein, B., 
Pitt, B. R., & Talbott, E. O. (2015). Perinatal outcomes and 
unconventional natural gas operations in Southwest Pennsylva-
nia. PLoS ONE, 10(6), e0126425. https ://doi.org/10.1371/journ 
al.pone.01264 25.

Steinzor, N., Subra, W., & Sumi, L. (2013). Investigating links between 
shale gas development and health impacts through a community 
survey project in Pennsylvania. New Solutions, 23(1), 55–83.

Subra, W. (2009). Results of health survey of current and former DISH/
Clark, Texas residents. New Iberia, LA. Retrieved from http://
www.earth works actio n.org/files /publi catio ns/DishT XHeal thSur 
vey_FINAL _hi.pdf.

Subra, W. (2010). Community health survey results, Pavillion, Wyo-
ming residents. New Iberia, LA. Retrieved from http://www.earth 
works actio n.org/files /publi catio ns/Pavil lionF INALh ealth Surve 
y-20100 8.pdf.

Vaneckova, P., & Bambrick, H. (2014). Approaches to baseline studies 
of human health in relation to industries with potential environ-
mental impact—Contribution to the independent review of coal 
seam gas activities in NSW. Penrith, NSW. Retrieved from http://

https://doi.org/10.1155/2013/408658
https://doi.org/10.1155/2013/408658
http://publications.dyson.cornell.edu/research/researchpdf/wp/2012/Cornell-Dyson-wp1212.pdf
http://publications.dyson.cornell.edu/research/researchpdf/wp/2012/Cornell-Dyson-wp1212.pdf
https://doi.org/10.1289/ehp.1409535
https://doi.org/10.1289/ehp.1409535
https://doi.org/10.1210/en.2013-1697
https://doi.org/10.1210/en.2013-1697
https://doi.org/10.1016/j.jclepro.2013.11.047
https://doi.org/10.1016/j.jclepro.2013.11.047
https://doi.org/10.1016/j.pedn.2011.07.012
https://doi.org/10.16966/2471-8211.107
https://doi.org/10.1111/phn.12265
https://doi.org/10.1016/j.scitotenv.2012.02.018
https://doi.org/10.1016/j.scitotenv.2012.02.018
http://accdan.org/assets/FULL_REPORT-CDPHE_Study.pdf
http://accdan.org/assets/FULL_REPORT-CDPHE_Study.pdf
http://www.gisera.org.au/publications/tech_reports_papers/socioeco-proj-1-rural-decline-workingpaper.pdf
http://www.gisera.org.au/publications/tech_reports_papers/socioeco-proj-1-rural-decline-workingpaper.pdf
http://www.gisera.org.au/publications/tech_reports_papers/socioeco-proj-1-rural-decline-workingpaper.pdf
https://doi.org/10.3389/fpubh.2013.00001
https://doi.org/10.3389/fpubh.2013.00001
https://doi.org/10.1016/j.jenvp.2016.04.012
https://doi.org/10.1016/j.jenvp.2016.04.012
http://www.chiefscientist.nsw.gov.au/__data/assets/pdf_file/0016/31246/130730_1046_CSE-CSG-July-report.pdf
http://www.chiefscientist.nsw.gov.au/__data/assets/pdf_file/0016/31246/130730_1046_CSE-CSG-July-report.pdf
http://mines.industry.qld.gov.au/assets/petroleum-and-gas-pdf/q_petroleum_2011.pdf
http://mines.industry.qld.gov.au/assets/petroleum-and-gas-pdf/q_petroleum_2011.pdf
http://mines.industry.qld.gov.au/assets/petroleum-and-gas-pdf/q_petroleum_2011.pdf
https://www.health.qld.gov.au/hsu/pdf/data-quality-statement/qhapdc.pdf
https://www.health.qld.gov.au/hsu/pdf/data-quality-statement/qhapdc.pdf
http://www.health.qld.gov.au/publications/csg/documents/report.pdf
http://www.health.qld.gov.au/publications/csg/documents/report.pdf
https://data.qld.gov.au/dataset/coal-seam-gas-production-and-reserve-statistics/resource/63a8a6cc-7fb6-4040-b4e7-9d453b14d3ed
https://data.qld.gov.au/dataset/coal-seam-gas-production-and-reserve-statistics/resource/63a8a6cc-7fb6-4040-b4e7-9d453b14d3ed
https://data.qld.gov.au/dataset/coal-seam-gas-production-and-reserve-statistics/resource/63a8a6cc-7fb6-4040-b4e7-9d453b14d3ed
https://www.health.qld.gov.au/hsu/pdf/manuals/qhapdc15-16/1516-qhapdcmanual-final-v1.0.pdf
https://www.health.qld.gov.au/hsu/pdf/manuals/qhapdc15-16/1516-qhapdcmanual-final-v1.0.pdf
https://www.health.qld.gov.au/hsu/pdf/manuals/qhapdc15-16/1516-qhapdcmanual-final-v1.0.pdf
http://www.parliament.vic.gov.au/publications/research-papers/8927-unconventional-gas-coal-seam-gas-shale-gas-and-tight-gas/download
http://www.parliament.vic.gov.au/publications/research-papers/8927-unconventional-gas-coal-seam-gas-shale-gas-and-tight-gas/download
http://www.parliament.vic.gov.au/publications/research-papers/8927-unconventional-gas-coal-seam-gas-shale-gas-and-tight-gas/download
https://doi.org/10.1007/s10653-016-9898-x
https://doi.org/10.1007/s40471-017-0097-9
https://doi.org/10.1371/journal.pone.0126425
https://doi.org/10.1371/journal.pone.0126425
http://www.earthworksaction.org/files/publications/DishTXHealthSurvey_FINAL_hi.pdf
http://www.earthworksaction.org/files/publications/DishTXHealthSurvey_FINAL_hi.pdf
http://www.earthworksaction.org/files/publications/DishTXHealthSurvey_FINAL_hi.pdf
http://www.earthworksaction.org/files/publications/PavillionFINALhealthSurvey-201008.pdf
http://www.earthworksaction.org/files/publications/PavillionFINALhealthSurvey-201008.pdf
http://www.earthworksaction.org/files/publications/PavillionFINALhealthSurvey-201008.pdf
http://www.chiefscientist.nsw.gov.au/__data/assets/pdf_file/0005/56894/140903_Human-CSG_completed_report.pdf


1318 Maternal and Child Health Journal (2018) 22:1306–1318

1 3

www.chief scien tist.nsw.gov.au/__data/asset s/pdf_file/0005/56894 
/14090 3_Human -CSG_compl eted_repor t.pdf.

Webb, E., Bushkin-Bedient, S., Cheng, A., Kassotis, C. D., Balise, V., 
& Nagel, S. C. (2014). Developmental and reproductive effects 
of chemicals associated with unconventional oil and natural gas 
operations. Reviews on Environmental Health, 29(4), 307–318. 
https ://doi.org/10.1515/reveh -2014-0057.

Werner, A. K., Cameron, C. M., Watt, K., Page, A., Vink, S., & Jagals, 
P. (n.d.). Age-specific differentials in hospitalisation rates in a 
coal seam gas development area in Queensland, Australia (1995-
2011). International Journal of Occupational and Environmental 
Health, Under review.

Werner, A. K., Vink, S., Watt, K., & Jagals, P. (2015). Environmen-
tal health impacts of unconventional natural gas development: A 
review of the current strength of evidence. Science of the Total 
Environment, 505, 1127–1141. https ://doi.org/10.1016/j.scito 
tenv.2014.10.084.

Werner, A. K., Watt, K., Cameron, C. M., Vink, S., Page, A., & Jagals, 
P. (2016a). All-age hospitalization rates in coal seam gas areas in 

Queensland, Australia, 1995-2011. BMC Public Health, 16, 125. 
https ://doi.org/10.1186/s1288 9-016-2787-5.

Werner, A. K., Watt, K., Cameron, C. M., Vink, S., Page, A., & Jagals, 
P. (2016b). Environmentally-related health impact assessment of 
coal seam gas development activities in Queensland, Australia. 
Paper presented at the International Association for Impact 
Assessment 2016, Aichi-Nagoya, Japan.

Witter, R., Stinson, K., Sackett, H., Putter, S., Kinney, G., Teitelbaum, 
D., & Newman, L. (2008). Potential exposure-related human 
health effects of oil and gas development: A literature review 
(2003-2008). Retrieved from http://docs.nrdc.org/healt h/files /
hea_08091 702b.pdf.

Zhang, R., & Liu, F. (2013). Fit discrete distributions via SAS® macro. 
Paper presented at the SouthEast SAS Users Group (SESUG), St. 
Pete Beach, FL.

Zou, L., Miller, S., & Schmidtmann, E. (2006). Mosquito larval habitat 
mapping using remote sensing and GIS: Implications of coalbed 
methane development and West Nile Virus. Journal of Medical 
Entomology, 43(5), 1034–1041.

http://www.chiefscientist.nsw.gov.au/__data/assets/pdf_file/0005/56894/140903_Human-CSG_completed_report.pdf
http://www.chiefscientist.nsw.gov.au/__data/assets/pdf_file/0005/56894/140903_Human-CSG_completed_report.pdf
https://doi.org/10.1515/reveh-2014-0057
https://doi.org/10.1016/j.scitotenv.2014.10.084
https://doi.org/10.1016/j.scitotenv.2014.10.084
https://doi.org/10.1186/s12889-016-2787-5
http://docs.nrdc.org/health/files/hea_08091702b.pdf
http://docs.nrdc.org/health/files/hea_08091702b.pdf

	Examination of Child and Adolescent Hospital Admission Rates in Queensland, Australia, 1995–2011: A Comparison of Coal Seam Gas, Coal Mining, and Rural Areas
	Abstract
	Significance
	Introduction
	Methods
	Ethics Approval
	Study Location
	Data
	Analyses

	Results
	0–4 year olds
	5–9 year olds
	10–14 year olds
	15–19 year olds

	Discussion
	Acknowledgements 
	References


