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EXECUTIVE SUMMARY

In June 2013, the Davis County Health Department (DCHD) requested that the Environmental
Epidemiology Program (EEP) conduct a statistical review of adverse birth outcomes for south
Davis County. The study area included residents of the west side of the city of Bountiful, and all
of West Bountiful, Woods Cross, and North Salt Lake in Davis County, Utah. The adverse birth
outcomes considered for this investigation were the incidences of low birth weight births,
premature births, small-for-gestational-age births, and infant deaths. The annual relative risk for
those four adverse birth outcomes was calculated for each year from 1991 to 2012 before and
after controlling for maternal risk factors that were not related to environmental exposures.

This report presents the findings of that statistical review of adverse birth outcomes among the
south Davis County study area population compared to the rest of the state of Utah. This
investigation did not find evidence that the risk for adverse birth outcomes in the study area
population was higher than the risk for the rest of the state.

A brief discussion of the intrinsic, extrinsic, medical, and environmental risk factors that are
found in literature review is provided. This study is population-based and the findings may not
be applicable at the individual level.
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INTRODUCTION

Statistical Reviews: A core function of epidemiology is to track and evaluate disease patterns.
This function helps public health officials and policy makers identify and assess communities
with public health challenges, define public health priorities, monitor and evaluate public health
actions, and discover knowledge about public health concerns (Dicker 2002; Stanbury et al.
2012; Thacker 2000; Thacker et al. 2012). Public health agencies conduct investigations of
public health concerns using one of several methods. The first is a statistical review of cases
which focuses on determining if a particular community is experiencing more adverse outcomes
than would be expected. A statistical review is usually conducted by linking a health outcome
registry to population data and evaluating trends. From the public health perspective, a statistical
review is most useful in identifying community needs about health education and awareness
building, public health screening services, and other public health interventions. Statistical
reviews also are used to identify concerns that need further investigation. These kinds of studies
empower the community to make improvements in governmental policymaking and health care
services (Kingsley et al. 2007).

Another method available to public health practitioners is a community cluster investigation.
Community cluster investigations focus on characterizing the size and extent of a population
with a known excess of an adverse health outcome and determining potential causal factors
(Besag and Newell 1991). The community cluster methodology involves linking many causal
variables, usually collected by medical record review, individual surveys or interviews, and
biomonitoring, followed by complex statistical analysis to identify the few variables that seem to
explain the cluster. Cluster investigations rarely result in important discoveries of causality
(Kingsley et al. 2007).

Adverse Birth Outcomes: Adverse birth outcomes (ABO) include being small for gestational
age (SGA), intrauterine growth restriction (IUGR), low birth weight (LBW), birth before full
term (prematurity), fetal (stillborn) or infant death, and birth defects (Kramer 2003; Savits and
Harlow 1991). For this investigation, LBW, prematurity, SGA, and infant death were
investigated. Data for those outcomes are available through Utah vital birth records data
collected by the Utah Department of Health (UDOH). A birth defect that is observable at the
time of birth is noted on the birth record, however, the birth record is not a complete or accurate
mechanism for conducting statistical reviews of birth defects.

Study Objectives: This report presents a statistical review of the incidence of ABO among
residents of the west side of the city of Bountiful, and all of West Bountiful, Woods Cross, and
North Salt Lake in Davis County, Utah (i.e., the study area). Specific details about the study area
boundaries are provided below. The Environmental Epidemiology Program (EEP), within the
UDOH, conducted this statistical review by analyzing the trend in annual rates of ABO among
the population within the study area, compared to corresponding rates in the state of Utah. The
purpose of this investigation is to determine if the study area population has more ABO than
would be expected. The statistical review methodology does not quantify the linkage of ABO to
possible causal risk factors. Causal risk factors for ABO include several maternal health status
indicators during pregnancy such as age, body mass index, and pre-existing maternal health
conditions (e.g., diabetes); complications during pregnancy; unhealthy behaviors such as
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smoking; and environmental risk factors such as exposures to hazardous chemicals. Specific
environmental factors, hazardous chemicals of concern, and exposure risk are not addressed by
this report.

Authority and Funding: In June 2013, the Davis County Health Department (DCHD) requested
that the EEP conduct this ABO statistical review. The EEP worked with the DCHD to determine
the scope of this statistical review. The DCHD Health Officer reviewed and approved the scope
of the study and authorized the EEP to conduct and publish the statistical review described in this
report. The EEP provided progress reports to the DCHD staff and to the UDOH executive
director during the scoping process. Once decisions on the study design were concluded, the
Governor of Utah further authorized this investigation through executive order.

Utah birth records and geographic data for this investigation were collected, maintained, and
made available to public health investigators by the Utah Environmental Public Health Tracking
Network (UEPHTN). The UEPHTN also funded the SAS® and ArcGIS® analytical software
application licenses that were used to conduct this investigation. The UEPHTN is funded by a
grant from the Centers for Disease Control and Prevention (CDC) (UEPHTN 2013). Personnel
time used to conduct this investigation was charged against state-funded Environmental Health
Administrative funds. No federal funds were directly used to conduct this investigation.

DATA AND METHODS

Study Design: This investigation is a retrospective statistical review of the incidence of ABO
among the study area population (defined below). Statistical reviews are not disease cluster
investigations, and lack the power to link adverse health concerns to putative risk factors (CDC
1990; Jekel et al. 1996; Mann 2003). Statistical reviews are a tool used by the EEP to review the
health status of a population and assess public health activities.

The incidence of ABO, quantified in sequential annual periods for each outcome category among
the study area population, was compared to an expected ABO incidence derived from the
corresponding outcome rates for the state of Utah. The study’s null hypothesis is that the rate of
ABO in the study area is not significantly different from the state rate.

Decisions about scope and analytical parameters, such as defining the study area, analytical
periods, and interpretation thresholds were made in collaboration with DCHD.

Study Area and Study Population: The study population was defined as all residents living in
the U.S. 2000 census tracts 49.011.126403, 49.011.126404, 49.011.126901, 49.011.126902,
49.011.127002, 49.011.127003, and 49.011.127004 (see Figure 1). These census tracts include
the west side of Bountiful, and all of West Bountiful, Woods Cross, and North Salt Lake in
Davis County, Utah. The 2012 estimated study area population is 44,860 people (USCB 2013).

Comparison Population: All births of Utah children except those assigned to the study area
were used as the comparison population. Children born in Utah, whose mother’s residential
address was outside of Utah were excluded from the comparison population. For this
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investigation, only Utah data was available at the required geographic and temporal scales and
with some measurements indicative of non-environmental risk factors. Utah’s birth health status
IS better than most populations in the United States (Martin et al. 2013). Therefore, comparison
of the study area ABO status to that of the rest of the state is appropriate.

Vital Birth Records: The UEPHTN maintains a dataset of birth record data on infants born in
Utah from 1991 through 2012. These records were obtained from the Office of Vital Records and
Statistics (OVRS) within the UDOH. The UEPHTN receives records of all births on an annual
basis. The most recent years of data are not made available to the UEPHTN until they have been
finalized. The birth record data includes some birth outcome data such as birth weight,
gestational age, demographic characteristics of the parents if known, information about maternal
care, information about abnormal pregnancy and birth conditions, and maternal residential
addresses. The residential address information provided by the OVRS includes the city and ZIP
code. The UEPHTN geocodes each birth record’s maternal residential address data to obtain an
x- and y-coordinate for that address. Using those coordinates, the UEPHTN is able to geo-
reference birth record data to their respective U.S. 2000 census tract areas (UEPHTN 2013).

From 1991 through 2012, a total of 1,060,998 births among Utah residents were registered with
the OVRS. Of these, 17,988 (1.70%) were born to mothers who were part of the study area
population. There were 204 births (0.02%) that were born to mothers living in south Davis
County, but the recorded residential address was not sufficient to determine if these cases were
part of the study population or part of the rest of the state. Those 204 cases were not included in
the analysis conducted for this investigation.

Investigation Exclusion Criteria: Analysis for each birth outcome was conducted twice. The
first analysis included all birth records. The second analysis excluded birth records that had
administrative errors or indicators of risks not related to environmental exposures. In both sets of
analyses, the 204 births for which study area membership could not be determined were
excluded as well.

Administrative errors included missing information or improbable birth outcome measurements.
Improbable birth outcome measurements are birth weights or gestational ages that are highly
improbable to be viable births and are more likely recording errors. Additional records were
excluded because the birth record indicated those pregnancies had risk factors that were not
related to environmental exposures. Those at-risk pregnancies include those in young and older
women, or women who use tobacco, and women who had other health concerns during
pregnancy. Multiparity births also were excluded. The following are the criteria and justifications
for exclusion. Further details on the distribution of excluded records are provided in Table 1.

Table 1. Exclusion criteria for analysis for administrative and non-environmentally related risks

Births
Criteria excluded Supporting reference
Mother younger than 19 years 40,406 Chen et al. 2007; Fraser et al. 1995
Mothers older than 40 years 9,487 Lisonkova et al. 2010
Gestational age less than 22 weeks 2,093 Joseph et al. 2001
Gestational age greater than 45 weeks 1,267 Ananth et al. 2004
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Births
Criteria excluded Supporting reference

Birth weight less than 375 grams 483 Joseph et al. 2001

Birth weight greater than 4,500 grams 8,255 Joseph et al. 2001

Sex not recorded 10

Multiparity births (i.e., twins) 15,575 Ananth et al. 2004; Kramer 2003

Tobacco use 79,306 Infant-Rivard et al. 2006; Kharrazi et
al. 2004, Kramer 2003; Miranda et al.
2009; Misra et al. 2005

Maternal health concerns that increase 29,900 Anderson et al. 2005, Dietz et al.

risk for adverse birth outcomes (e.g.,
cardiovascular diseases, respiratory
diseases, diabetes, renal disease,
eclampsia, blood disorders, incompetent
cervix, etc.)

2006, Kramer 2003, Meng et al. 2013;
Miranda et al. 2009; Morello-Frosch
and Shenassa 2006; Ponce et al. 2005;
Ricciardi and Guastadisegni 2003

From 1991 through 2012 there were 874,042 healthy pregnancies. Of those, 15,312 (1.75%)
were in the study area and 858,730 were in the rest of the state.

Defining Adverse Birth Outcomes: Four ABO were selected as endpoints for this investigation:
LBW, premature birth, SGA, and infant deaths (Savits and Harlow 1991).

Newborns weighing less than 2,500 grams at birth were considered to be LBW babies. Newborns
delivered before the completion of the 38th week of pregnancy (postmenstrual age) were
considered premature (Ananth et al. 2004; Hunt 2007; Kramer 2003; Miranda et al. 2009). The
definition for SGA is a birth weight in the lowest 10th percentile for gestational age (Ananth et
al. 2004; Basso et al. 2005; Lee et al. 2003a; Oken et al. 2003). Utah specific 10" percentile
levels for birth weights for each week of gestational age were calculated previously (Calanan et
al. 2008). These are as follows:

Gestational Age Male Baby Female Baby
22 weeks < 393 grams < 362 grams
23 weeks < 453 grams <416 grams
24 weeks < 498 grams < 470 grams
25 weeks < 554 grams < 504 grams
26 weeks < 594 grams < 566 grams
27 weeks <674 grams <622 grams
28 weeks < 766 grams <693 grams
29 weeks <906 grams < 845 grams
30 weeks < 1,044 grams < 965 grams
31 weeks < 1,241 grams < 1,180 grams
32 weeks < 1,475 grams < 1,390 grams
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Gestational Age

Male Baby

Female Baby

33 weeks <1,712 grams < 1,638 grams
34 weeks < 1,957 grams < 1,872 grams
35 weeks < 2,192 grams < 2,099 grams
36 weeks < 2,410 grams < 2,299 grams
37 weeks < 2,609 grams < 2,495 grams
38 weeks < 2,807 grams < 2,694 grams
39 weeks < 2,947 grams < 2,834 grams
40 weeks < 3,029 grams < 2,919 grams
More than 40 weeks < 3,063 grams < 2,949 grams

Death in the first year after birth was considered an infant death event (Kramer 2003; Matthews
and MacDorman 2013). In Utah, the infant death rate increased from 4.52 deaths per 1,000 live
births in 2005 to 4.86 deaths per 1,000 live births in 2010 (Matthews and MacDorman 2013).

Relative Risk Ratio: The statistical analyses program SAS® version 9.2 was used to manage and
analyze the data. Birth records were classified as part of the study area or part of the comparison
group. Each record was classified for each of the presence of any of the four ABO. In some
situations, a child may have had more than one ABO. For example, it is possible for a child to
have a LBW and be born prematurely and not be SGA. Cases of ABO were coded for all adverse
conditions at birth. Total births and cases of each ABO were summarized by year. The relative
risk (RR) and associated 95% confidence interval (95% CI) for the RR were calculated using
standard methods (Gordis 1996; Greenland 2004; Greenland and Rothman 1998; Griffith et al.
1993; Jekel et al. 1996; Kahn and Sempos 1989; Selvin 1996). Tables 2 through 5 present the
annual RRs for ABO in the study area for all births as well as for births after excluding for non-
environmental exposure risks.

The RR is a ratio of the disease rate in a study population compared to disease rate for a
comparison population. This investigation used the state population (excluding the study
population) as the comparison population. The RR is an estimate of the level of risk a population
has of developing the disease being considered. A RR less than one indicates that the disease rate
in the study population is lower than the rate in the comparison population. Conversely, a RR
greater than one signifies that the study population rate is greater than the comparison population
rate. When the rates of disease are the same for both the study and comparison populations, the
ratio will equal one (1.00). The 95% CI accounts for the sensitivity and specificity of the rates. It
represents the range of numbers that the reader can be 95% confident will contain the true level
of risk. The study population rates and the comparison population rates are seldom exactly the
same. The 95% ClI is used to assess whether the difference between two similar rates is
statistically significant, by determining if the confidence interval includes the value one (1.00).
Small numbers usually result in a wider interval because of the reduced power of the study.
Larger numbers usually result in a narrower interval and more power to detect differences (Jekel
et al. 1996; Selvin 1996).

Interpretation for Meaningful Results: Use of the 95% CI is standard practice in statistical
reviews of health data. The 95% CI suggests that there is a 1 in 20 chance (5%) of incorrectly
determining a RR is significantly elevated when this is truly caused by random variation within
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the data. For each ABO, this investigation reports 22 RRs, one for each year from 1991 through
2012. Within the 22 separate analyses, one would expect that one (5% of 22) result be incorrectly
evaluated as statistically significant. To better understand which RRs are truly statistically
significant and which are part of the randomly variation in the data, the EEP applies a set of
interpretive rules for meaningful results (Abrams et al. 2013; CDC 1990). Those rules are:

e The occurrence of two consecutive time periods with statistically significant RRs. That
finding suggests a low level chronic temporal cluster of disease (Bender et al. 1990; Hardy et
al. 1990).

e The statistical power is at least 80%. Statistical power is a measure of the ability to correctly
distinguish statistical significance from random variation. The investigation used the method
recommended by Beaumont to estimate power (Beaumont and Breslow 1981). A power level
of 80% of higher is an acceptable level (Abrams et al. 2013; Park 2010).

e The 2012 RR is statistically significant. An elevated RR in the last year of the study may
indicate an emerging problem that could have been found if future years of data were
available. This situation suggests that another investigation should be conducted after a few
more years of data are available (Hardy et al. 1990).

Results Suppression: The EEP is required to protect confidential data from unlawful disclosure;
therefore, the EEP suppresses results for analytical time periods containing three or fewer cases
(UDOH 2009).

Trend Analysis: The Kendall-Stuart Tau-c (or Kendall rank correlation coefficient) test for trend
was used to test for temporal trends of increasing or decreasing adverse birth outcome rates
(Kendall 1938; Stuart 1953). The Kendal-Stuart Tau-c statistic is an appropriate method to
investigate trends when there are less than 30 analytical periods. This method produces a
correlation coefficient, the Tau-c, with a value range from -1 to +1. A negative valued Tau-c
indicates a decreasing trend in the incidence rates with time, and a positive value indicates an
increasing trend. A value near zero indicates no trend. A trend is statistically significant when the
p-value < 0.05. For this investigation, achieving that level of significance requires the Tau-c
value to be equal to or greater than + 0.80.

FINDINGS

The analytical results for the study area for each of the four ABO are presented in Tables 2, 3, 4
and 5. Statistically significant elevated or lower RRs are indicated with an “S” followed by the
direction (“elevated” or “lower”) and the power. In comparing results, it is important to keep in
mind that lower RRs are bound between zero (0) and one (1) whereas elevated RRs are bound
between one (1) and infinity (o0). Because of this bounding difference, the statistical power levels
may not correspond to the perceived degree of lowness or highness. Hence, an elevated RR with
a lower confidence limit of 1.09 may have a power level of 66% (not meaningful), whereas a low
RR with an upper confidence limit of 0.97 may have a power level of 100%.

Statistically Significant Results for the Analysis of All Births: The following results are for all
(no exclusions) births in the study area.

10
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Low Birth Weight Infants: Between 1991 and 2012, 1,166 babies were born with LBW out of a
total of 17,988 live births. The cumulative rate of 64.82 LBW babies per 1,000 live births is
lower than the state rate of 67.95 LBW babies per 1,000 live births but not statistically
significant (RR = 0.95, 95% CI = 0.90 — 1.01). One year, 1998, had a statistically elevated rate
(RR =1.38 95% CI = 1.09 — 1.75) which could be random variation in the data (power level =
66%). Two years, 2010 and 2011, had significantly lower rates than expected.

Premature Births: Between 1991 and 2012, 1,732 babies were born prematurely out of a total of
17,988 live births. The cumulative rate of 96.29 premature babies per 1,000 live births is
essentially the same as the state rate of 96.80 premature babies per 1,000 live births (RR = 0.99,
95% CI =0.95 - 1.04). Two years, 2003 and 2007, had statistically elevated rates. For year 2003,
the RR = 1.24 (95% CI = 1.03 — 1.50), but this is most likely part of the random variation in the
data (power level = 54%). Similarly, for year 2007, the RR = 1.20 (95% CI = 1.01 - 1.42) and
appears to be random variation (power level = 46%). One year, 1994, had a significantly lower
rate than expected.

Small-for-Gestational-Age Births: Between 1991 and 2012, 1,644 babies were born SGA out of a
total of 17,988 live births. The cumulative rate of 91.39 SGA babies per 1,000 live births is
significantly lower than the state rate of 98.09 SGA babies per 1,000 live births (RR =0.93, 95%
C1=0.89 - 0.98). One year, 2004, also had a significantly lower rate than expected.

Infant Death: Between 1991 and 2012, 85 infants died before the age of one year out of a total of
17,988 live births. The cumulative rate of 4.73 infant deaths per 1,000 live births is lower than
the state rate of 5.27 infant deaths per 1,000 live births, but the difference is not statistically
significant (RR = 0.90, 95% CI =0.72 — 1.11). No years presented significant relative risk levels.

Statistically Significant Results for the Analysis of Births after Excluding Non-
Environmental Risk Factors (Healthy Pregnancies): The following results are from an
analysis of births after included the investigation exclusion factors listed above.

Low Birth Weight Infants: Between 1991 and 2012, 693 babies were born with LBW out of a
total of 15,312 live births. The cumulative rate of 45.26 LBW babies per 1,000 live births is
lower than the state rate of 48.46 LBW babies per 1,000 live births, but the difference is not
statistically significant (RR = 0.93, 95% CI = 0.90 — 1.01). No years had statistically elevated
rates. One year, 2011, had a significantly lower rate than expected.

Premature Births: Between 1991 and 2012, 1,166 babies were born prematurely out of a total of
15,312 live births. The cumulative rate of 76.15 premature babies per 1,000 live births is
essentially the same as the state rate of 76.81 premature babies per 1,000 live births (RR = 0.99,
95% CI =0.95 - 1.04). One year, 2003, had a statistically elevated rate (RR = 1.30, 95% CI =
1.04 - 1.61), but this is most likely part of the random variation in the data (power level = 56%).

Small-for-Gestational-Age Births: Between 1991 and 2012, 1,191 babies were born SGA out of a
total of 15,312 live births. The cumulative rate of 77.78 SGA babies per 1,000 live births is
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significantly lower than the state rate of 82.50 SGA babies per 1,000 live births (RR =0.94, 95%
CI1=0.89 - 0.98). One year, 1997, also had a significantly lower rate than expected.

Infant Death: Between 1991 and 2012, 24 infants died before the age of one year out of a total of
15,312 live births. The cumulative rate of 1.57 infant deaths per 1,000 live births is lower than
the state rate of 1.96 infant deaths per 1,000 live births, but the difference is not statistically
significant (RR = 0.80, 95% CI = 0.72 — 1.11). No years presented more than three cases per
year; therefore, yearly results are suppressed to comply with confidentiality policies.

Meaningful Results: No annual relative risk levels met the criteria for meaningful results.

Trend Analysis: Trend analysis did not display significant increasing or decreasing trends in
either the study area rates or state rates for any of the adverse birth outcomes or infant deaths.

DISCUSSION

Public Health Importance of Adverse Birth Outcomes: The consequences of ABO (LBW,
preterm, and SGA) on the child’s health and wellbeing during childhood and into adulthood are
well established. Adverse birth outcomes have been associated with increased risk for adult
obesity, insulin resistance, type-2 diabetes (non-insulin-dependent diabetes), poor lung function,
asthma, bronchopulmonary dysplasia, cardiovascular disease, and end-stage renal disease (Ali
and Greenough 2012; Barker 2004, 2006; Barker et al. 2002; Berends and Ozanne 2012; Calkins
and Devaskar 2011; de Bie et al. 2010; Doyle and Anderson 2010; Duijts 2012. Godfrey and
Barker 2001; Greenough 2008; Henderson and Warner 2012; Newnham 1998; Ong and Dunger
2002; Parsons et al, 1999; Signorello and Trichopoulos 1998; Terauchi et al. 2000; Wang et al.
2012; Whincup et al. 2008). Adverse birth outcomes also have been associated with increased
risk of children experiencing decreased intelligence; behavioral and learning difficulties in
school; minor motor and coordination problems; and depression. Some of these concerns do not
persist into adulthood, but, the consequences of school year problems may limit future
opportunities (Aarnoudse-Moens et al. 2009; Cooke 2004; Dahl et al. 2006; de Bie et al. 2010;
Wojcik et al. 2013; Zwicker and Harris 2008). Birth with these conditions may influence an
individual’s subsequent fertility and reproductive health (Kondapalli and Perales-Puchalt 2013;
Sydsjo 2011). There is some evidence that a child’s birth conditions may have transgenerational
effects as well (Gallo et al. 2012; Painter et al. 2008). In Utah, the immediate cost for the post-
health care of a child with an ABO is estimated to be six times or higher than the average cost of
a child born with normal birth weight and gestational age (Betit 1999).

Risk Factors for Adverse Birth Outcomes: Adverse birth outcomes are most directly
associated with situations that result in uterine malnutrition. Uterine malnutrition is produced by
alternations in the placental circulation, for which there are many known risk factors. While it is
not feasible to list all of the known risk factors here, this discussion provides a brief overview of
the variety of risk factors that have been associated with ABO. The most important are socio-
economic factors; maternal medical risk factors that preexist pregnancy or arise during
pregnancy; and maternal lifestyles. Some risk factors are intrinsic and thus not controllable.
These include genetic factors such as race or ethnicity, certain genetic syndromes that influence
maternal size at the beginning of pregnancy, and the ability to process and provide nutrition to

12
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the growing fetus. First pregnancies, young age (teenage) pregnancies, or multiparity
pregnancies are also intrinsic factors that are not controllable once pregnancy has started (Ananth
et al. 2004; Chen et al. 2007; Fraser et al. 1995; Kramer 2003; Lisonkova et al. 2010).

Other risk factors are extrinsic and controllable, sometimes with financial assistance. Extrinsic
factors for ABO include lack of access to proper prenatal care and nutrition, starvation, low
gestational weight gain, and unhealthy life choices (i.e., smoking) (Kramer 2003; Meng et al.
2013; Miranda et al. 2009; Morello-Frosch and Shenassa 2006; Ponce et al. 2005; Ricciardi and
Guastadisegni 2003). Tobacco-use is a particularly well documented extrinsic risk factor (Infant-
Rivard et al. 2006; Kharrazi et al. 2004; Kramer 2003; Miranda et al. 2009; Misra et al. 2005).
Coffee consumption during pregnancy may also contribute to some ABO, most likely because
coffee suppresses the appetite (Bech et al. 2005).

Medical risk factors may be known prior to pregnancy and therefore be manageable or they may
arise during pregnancy. Maternal medical risk factors for ABO include a prior history of ABO,
diabetes, gestational diabetes, pregnancy induced hypertension, eclampsia, toxemia, the
acquisition of certain infectious diseases, genital tract infections, and many more conditions
(Anderson et al. 2005; Kramer 2003).

Environmental risk factors for ABO, predominately exposures to hazardous pollution, indicate
increase risk, although there is some disagreement. The volume of literature addressing
environmental risks is indicative of the complexity of environmental exposure factors and the
inability of studies to demonstrate conclusive findings (Maisonet et al. 2004; Malmqvist et al.
2011; Ponce et al. 2005; Sram et al. 2005). The most studied environmental exposure risk for
ABO is air pollution. Air pollution has been extensively investigated both by specific substances
(i.e., carbon monoxide [CO], nitrogen oxides [NOx], sulfur oxides [SOx], 0zone [0, particulate
matter [PM], etc.), as well as by source (i.e., traffic-related air pollution, landfills, hazardous
waste sites, etc.) (Backes et al. 2013; Barnett et al. 2011; Bauer et al. 2008; Bell et al. 2007;
Darrow et al. 2011; de Medeiros et al. 2009; Dugandzic et al. 2006; Elliott et al. 2001; Gilboa et
al. 2005; Hwang and Jaakkola 2008; Lee et al. 2003b; Lepeule et al. 2010l Liu et al. 2003;
Malmagqvist et al. 2011; Maroziene and Grazuleviciene 2002; Miranda et al. 2009; Olsson et al.
2013; Parker et al. 2005, 2008; Pearce et al. 2012; Ponce et al. 2005; Proietti et al. 2013; Rankin
et al. 2009; Rich et al. 2009; Ritz et al. 2002; Rogers and Dunlop 2006; Rogers et al. 2000;
Salem et al. 2005, 2007; Van den Hooven et al. 2009; Wilhelm et al. 2011; Wilhelm and Ritz
2003, 2005; Woodruff et al. 2003; Wu et al. 2009; Yorifuji et al. 2011). Those studies have
found very small associations of ABO with the studied exposure, although there are some
contradictions in the results (Glinianaia et al. 2004; Hansen et al. 2009; Langlois et al. 2009;
Rogers et al. 2006). The low amount ABO risk that can be attributed to air pollution exposure,
compared to intrinsic, extrinsic, and medical risk factors suggests that these environmental risk
factors are not likely to be very important to the overall community health with respect to ABO
rates (Morello-Frosch et al. 2010).

Maternal exposure to water contaminated with hazardous chemicals has been investigated also
with mixed results (Bove et al. 2002; Coleman et al. 2011; Dodds et al. 2004; Hoffman et al.
2008a, 2008b; Miranda et al. 2009; Nieuwenhuijsen et al. 2000; Sagiv et al. 2007; Shaw et al.
2003). Heavy metals have been associated with ABO, usually with small sex-specific effects,
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and are thought to be more important for developmental disabilities than for growth retardation
(Hopenhayn et al. 2003; Milton et al. 2005; Miranda et al. 2009; Zhu et al. 2010; Zota et al.
2009). Exposure to pesticides is also a documented risk factor for some ABO (Miranda et al.
2009).

Maternal diet can result in exposure to environmental contaminants including dioxins and
dioxin-like compounds. Studies have found that fetal exposure to dioxins may contribute to
small non-significant reductions in gestational age and birth weight (Eskenazi et al. 2003;
Papadopoulou et al. 2013, 2014; Wesselink et al. 2014; Vafeiadi et al. 2014). Prenatal dioxin
exposure has been associated with subtle developmental changes in liver function, respiratory
system health, thyroid function, immune cell levels, and decreased performance in tests of
learning and intelligence (Boersma and Lanting 2000; Gascon et al. 2013; Glynn et al. 2008;
Holladay 1999; Lundquvist et al 2006; Ten Tusscher et al. 2008; Vreugdenhil et al. 2002).
However, many of these studies are confounded by the concomitant exposure to other
organochlorine compounds. Not all studies were able to find these associations (Giacomini et al.
2006). Dioxin has also been associated in delayed breast development in women who
experienced fetal exposure to dioxin (Leijs et al. 2008). Dioxin can be present in the mother
milk, however, the nutrients and nurturing of breastfeeding appears to offer unique protections
from dioxins’ adverse effects (Boersma and Lanting 2000).

Birth Defects: Birth defects are another type of adverse birth outcome. A birth defects that is
observable at the time of birth is noted on the birth record, however, the birth record is not a
complete or accurate mechanism for conducting statistical reviews of birth defects. For this
reason, birth defects were not included in this investigation. The Utah Birth Defects Network,
University of Utah, maintains a registry of birth defects for Utah children.

Disease Burden: Another useful criterion, recommended to the reader is the consideration of the
burden the ABO poses on the study population (Hessel 2008). The burden of disease is difficult
to quantify. It is represented in part by the magnitude of the RR. The RR is a measure of how
much more disease is occurring in the study population than in the comparison population
(Selvin 1996). The other, more difficult component of the burden concept is the impacts the
health concern has on the individual. Health impacts can range from slight annoyance or
discomfort, to severe disability or even early death. A few individuals in a population suffering
severe impacts are as meaningful as a large percentage of a population suffering minor impacts.
In addition to the health and wellness effects, disease burden impacts include health care
financial costs, lost opportunities, and other quality-of-life factors (Hessel 2008).

Limitations: The public often wants public health investigations to determine if the risk for
community health concerns can be linked to a putative environmental hazard. The methodology
used in this investigation does not have the capability to definitively link the study area’s ABO
rates to any inherent or external risk factors, including environmental exposures. These kinds of
statistical reviews are based on annual incidence data reported to UDOH as part of vital birth
records. There are a number of limitations that impede this linkage. There is seldom any
knowledge about the frequency, duration, or intensity of exposure to putative environmental
hazards. It may not be possible to control for more important intrinsic and extrinsic risk factors
using vital birth records. For small populations, the incidences of adverse health concerns have a
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tendency to manifest as arbitrary clusters. This propensity is a common phenomenon
encountered when investigating the rate of rare diseases in a small population. Overcoming these
limitations usually requires a comprehensive assessment of individual risk supported by a clear
and consistent trend of elevated rates for a population.

An investigation that uses population-based summary data rather than individual-level data, such
as this report, is called an ecologic study by epidemiologists. An interpretation error commonly
associated with ecologic investigations is to apply population-level risk findings to the
individual. This kind of interpretation error is called an “ecologic fallacy.” For example, this
study found the risk of low birth weight infants in 1997 to be 1.38 times higher for the study
population than for the state. This risk metric should not be applied to individuals, as an
individual may have no risk or a risk several times higher than the population risk based on the
individual’s genetic makeup, behaviors, susceptibility, and environmental exposures (Greenland
2001; Greenland and Robins 1994; Izquierdo and Schoenbach 2000; Morgenstern 1982, 1995;
Rockhill 2005).

CONCLUSIONS AND RECOMMENDATIONS

The EEP did not find evidence of consistent patterns of increased risk for ABO among the
population within the study area when compared to the remainder of the state. The occurrence of
one period (1998) of elevated risk for LBW births and two non-consecutive periods (2003 and
2007) for premature births were most likely the result of random variation in the data that
emerges at this small geographic scale.

This finding at the population level does not preclude the potential for increased risk for current
or future mothers. Individuals concerned about their health status or the potential risk for their
pregnancy resulting in an ABO are encouraged to work with their private health care provider to
better understand their individual risk and what they can do about those risks.
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Figure 1. Map of the southern part of Davis County, Utah showing the location of the study area
for this investigation.
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Table 1. Details of administrative errors and maternal risk factors for adverse birth outcomes
that are not related to environmental exposures for the south Davis County study area and for the
comparison group for the period between 1991 and 2012.

Study Area Remainder of the State

Total birth 17,988 1,042,806

Mother younger than 19 years 381 | (2.12%) 40,025 | (3.84%)
Mother older than 40 years 125 | (0.69%) 9,362 | (0.90%)
Gestational age less than 22 weeks 16 | (0.09%) 2,077 | (0.20%)
Gestational age greater than 45 weeks 13| (0.07%) 1,254 | (0.12%)
Birth weight less than 375 grams 6| (0.03%) 477 | (0.05%)
Birth weight greater than 4,500 grams 102 | (0.57%) 8,123 | (0.78%)
Sex of child not recorded 0 10 | (<0.01%)
Multiparity births (i.e., twins) 291 | (1.62%) 15,284 | (1.47%)
Maternal tobacco use during pregnancy 1,025 | (5.70%) 78,281 | (7.51%)
Maternal health concerns that increase risk 717 | (3.99%) 29,183 | (2.80%)
for adverse birth outcomes

Total exclusions 2,676 | (14.88%) 184,076 | (17.65%)
Healthy pregnancies 15,312 858,730

Note: Some pregnancies may have been excluded for more than one purpose; however, for the
purposes of this table they are counte only once. The sequence of analysis for exclusion was

improbable birth metrics (gestational age or birth weight), other administrative errors,
multiparity, maternal age, maternal health anomalies during pregnancy, and tobacco use.
Records were coded by the last criteria met in this sequence.
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Table 2. Relative risk of low birth weight infants in the study area in south Davis County from
1991 through 2012. A red S means the relative risk is significantly higher than expected. A green
S means that the relative risk is significantly lower than expected. The level of statistical power
is also provided with these flags.

Number of Low Rate of Low Birth 95% Confidence Limits of the Relative
Birth Weight Weight Infants per Relative Risk (If significant, flagged and level of
Year Infants 1,000 live births Risk (RR) statistical power provided)
All Births(no exclusions for non-environmental risk factors)

1991 32 46.44 0.73 (0.52-1.03)

1992 34 52.07 0.89 (0.64-1.23)

1993 36 55.05 0.89 (0.65-1.23)

1994 39 57.69 0.93 (0.69-1.27)

1995 35 53.35 0.82 (0.59-1.13)

1996 42 60.43 0.88 (0.66-1.19)

1997 40 57.80 0.85 (0.63-1.15)

1998 63 95.17 1.38 (1.09 - 1.75) S elevated (66%)
1999 46 63.80 091 (0.69-1.21)

2000 54 74.79 111 (0.86-1.44)

2001 50 64.10 0.97 (0.74-1.27)

2002 48 63.49 0.96 (0.73-1.26)

2003 50 60.75 0.90 (0.68-1.17)

2004 59 71.34 1.05 (0.82-1.34)

2005 65 70.35 1.01 (0.80-1.28)

2006 66 71.04 1.00 (0.79-1.26)

2007 80 78.35 1.14 (0.93-1.42)

2008 76 73.50 1.05 (0.85-1.31)

2009 64 60.66 0.84 (0.66-1.06)

2010 54 54.00 0.75 (0.58-10.97) S lower (100%)
2011 51 51.10 0.72 (0.55-10.94) S lower (100%)
2012 82 80.31 1.14 (0.93-1.41)

Births of Healthy Pregnancies (after excluding non-environmental risk factors)

1991 12 22.18 0.60 (0.34-1.05)

1992 10 19.65 0.55 (0.30-1.03)

1993 14 27.50 0.72 (0.43-1.21)

1994 22 39.64 1.00 (0.66 —1.52)

1995 18 33.77 0.83 (0.52-1.30)

1996 20 3591 0.87 (0.56-1.33)

1997 19 33.87 0.80 (0.51-1.25)

1998 37 66.91 1.31 (0.95-1.79)

1999 35 55.56 1.13 (0.82-1.57)

2000 33 54.01 1.09 (0.78-1.53)

2001 32 47.90 0.99 (0.70-1.39)

2002 27 40.48 0.81 (0.56-1.17)

2003 32 44.08 0.86 (0.61-1.20)

2004 38 52.34 1.00 (0.73-1.37)

2005 45 54.95 1.06 (0.80-1.41)

2006 38 47.03 0.88 (0.65-1.21)

2007 54 60.13 1.18 (0.91-1.53)

2008 47 52.22 1.01 (0.76 - 1.34)

2009 42 45.41 0.85 (0.63-1.14)

2010 36 40.77 0.75 (0.55-1.04)

2011 30 34.80 0.66 (0.47 -0.95) S lower (100%)
2012 52 59.70 1.18 (0.90-1.53)
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Table 3. Relative risk of premature infants in the study area in south Davis County from 1991
through 2012. A red S means the relative risk is significantly higher than expected. A green S
means that the relative risk is significantly lower than expected. The level of statistical power is

also provided with these flags.

Number Rate of Premature 95% Confidence Limits of the Relative
Premature Infants per 1,000 Relative Risk (If significant, flagged and level of
Year Infants live births Risk (RR) statistical power provided)
All Births(no exclusions for non-environmental risk factors)

1991 50 72.57 1.01 (0.77-1.32)

1992 39 59.72 0.79 (0.58-1.08)

1993 45 68.81 095 (0.72-1.27)

1994 61 90.24 0.68 (0.54-10.87) S lower (100%)
1995 62 94.51 1.00 (0.79-1.27)

1996 57 82.01 0.84 (0.65-1.08)

1997 73 105.49 1.04 (0.83-1.29)

1998 77 116.31 112 (0.90-1.38)

1999 62 85.99 0.89 (0.70-1.14)

2000 79 109.42 1.13 (0.92-1.40)

2001 69 88.46 0.93 (0.74-1.16)

2002 70 92.59 0.96 (0.77-1.20)

2003 99 120.29 1.24  (1.03-1.50) S elevated (54%)
2004 89 107.62 1.06 (0.87-1.29)

2005 103 111.47 1.09 (0.91-1.31)

2006 100 107.64 1.07 (0.88-1.29)

2007 118 115.57 1.20 (1.01-1.42) S elevated (46%)
2008 110 106.38 1.07 (0.90-1.28)

2009 93 88.15 0.88 (0.72-1.07)

2010 86 86.00 0.88 (0.72-1.08)

2011 90 90.18 0.94 (0.77-1.14)

2012 100 97.94 1.05 (0.87-1.27)

Births of Healthy Pregnancies (after excluding non-environmental risk factors)

1991 20 36.97 0.76 (0.49-1.17)

1992 23 45.19 0.88 (0.59-1.31)

1993 22 43.22 0.82 (0.54-1.24)

1994 34 61.26 0.86 (0.62-1.20)

1995 36 67.54 0.94 (0.69-1.29)

1996 34 61.04 0.84 (0.60-1.16)

1997 40 71.30 0.92 (0.68-1.25)

1998 51 92.22 1.07 (0.82-1.39)

1999 49 77.78 1.04 (0.79-1.36)

2000 58 94.93 1.20 (0.93-1.53)

2001 46 68.86 0.87 (0.66-1.15)

2002 48 71.96 0.89 (0.68-1.18)

2003 76 104.68 1.30 (1.04-1.61) S elevated (56%)
2004 64 88.15 1.04 (0.82-1.31)

2005 79 96.46 1.13 (0.91-1.39)

2006 68 84.16 1.00 (0.79-1.26)

2007 85 94.65 1.18 (0.96 — 1.44)

2008 78 86.67 1.05 (0.85-1.31)

2009 67 72.43 0.88 (0.69-1.11)

2010 60 67.95 0.85 (0.67-1.09)

2011 55 63.81 0.83 (0.64-1.07)

2012 73 83.81 112 (0.89-1.39)
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Table 4. Relative risk of small-for-gestational-age (SGA) infants in the study area in south Davis
County from 1991 through 2012. A red S means the relative risk is significantly higher than
expected. A green S means that the relative risk is significantly lower than expected. The level of
statistical power is also provided with these flags.

95% Confidence Limits of the Relative
Number of SGA  Rate of SGA Infants  Relative Risk (If significant, flagged and level of

Year Infants per 1,000 live births  Risk (RR) statistical power provided)
All Births(no exclusions for non-environmental risk factors)
1991 79 114.66 0.89 (0.72-1.09)
1992 93 142.42 1.18 (0.97-1.43)
1993 73 111.62 0.88 (0.70-1.09)
1994 57 84.32 0.84 (0.65-1.08)
1995 67 102.13 0.99 (0.79-1.24)
1996 70 100.72 097 (0.78-1.21)
1997 65 93.93 090 (0.72-1.14)
1998 67 101.21 097 (0.77-1.21)
1999 70 97.09 1.01 (0.81-1.27)
2000 58 80.33 092 (0.71-1.17)
2001 59 75.64 0.85 (0.67-1.09)
2002 61 80.69 0.90 (0.70-1.14)
2003 59 71.69 0.81 (0.63-1.04)
2004 55 66.51 0.76  (0.58-10.98) S lower (100%)
2005 76 82.25 091 (0.74-1.14)
2006 87 93.65 1.00 (0.82-1.23)
2007 111 108.72 1.18 (0.99-1.41)
2008 92 88.97 095 (0.78-1.16)
2009 90 85.31 091 (0.75-1.11)
2010 82 82.00 0.86 (0.69-1.06)
2011 78 78.16 0.81 (0.65-1.01)
2012 95 93.05 0.95 (0.79-1.16)
Births of Healthy Pregnancies (after excluding non-environmental risk factors)
1991 47 86.88 0.85 (0.65-1.12)
1992 55 108.06 1.14 (0.88 - 1.47)
1993 51 100.20 1.00 (0.77-1.31)
1994 41 73.87 091 (0.68-1.22)
1995 44 82.55 1.00 (0.75-1.33)
1996 47 84.38 1.02 (0.77-1.34)
1997 33 58.82 0.70 (0.51-10.98) S lower (100%)
1998 48 86.80 0.99 (0.75-1.30)
1999 53 84.13 1.05 (0.81-1.36)
2000 38 62.19 0.86 (0.63-1.17)
2001 45 67.37 0.90 (0.68-1.19)
2002 45 67.47 0.87 (0.66-1.16)
2003 43 59.23 0.76 (0.56-1.01)
2004 49 67.49 0.89 (0.67-1.16)
2005 62 75.70 0.97 (0.76-1.24)
2006 63 77.97 0.97 (0.76 -1.23)
2007 87 96.88 1.20 (0.98 - 1.47)
2008 68 75.56 0.93 (0.74-1.18)
2009 70 75.68 091 (0.73-1.14)
2010 70 79.28 094 (0.75-1.18)
2011 59 68.45 0.81 (0.63-1.04)
2012 73 83.81 0.99 (0.79-1.23)
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Table 5. Relative risk of infant deaths (less than 1 year of age) in the study area in south Davis
County from 1991 through 2012. A red S means the relative risk is significantly higher than
expected. A green S means that the relative risk is significantly lower than expected. The level of
statistical power is also provided with these flags. The value “< 3” indicates that the number of
deaths is less than or equal to three and statistics cannot be reported because of confidentiality
policies. The number of infant deaths per year, for all years after excluding non-environmental
risk-factors (i.e., births of healthy pregnancies), were < 3 cases.

Rate of Infant 95% Confidence Limits of the Relative
Number of Infant Deaths per 1,000 Relative Risk (If significant, flagged and level of
Year Deaths live births Risk (RR) statistical power provided)
All Births(no exclusions for non-environmental risk factors)
1991 <3
1992 4 6.13 1.00 (0.37-2.69)
1993 <3
1994 <3
1995 <3
1996 4 5.76 0.99 (0.37-2.65)
1997 <3
1998 4 6.04 1.36 (0.51-3.65)
1999 <3
2000 <3
2001 <3
2002 <3
2003 <3
2004 4 4.84 0.94 (0.35-2.52)
2005 <3
2006 5 5.38 1.00 (0.41-2.42)
2007 10 9.79 1.79 (0.96 — 3.36)
2008 <3
2009 5 4,74 091 (0.38-2.19)
2010 6 6.00 1.27 (0.57 -2.85)
2011 5 5.01 092 (0.38-2.23)
2012 11 10.77 1.60 (0.88-2.91)
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DEFINITIONS

ABO Adverse birth outcome. An adverse birth outcome is any condition that is
abnormal at birth. Typical adverse birth outcomes include lower than normal
measurement of gestational age or physical stature (weight and length),
incomplete or abnormal development, and fetal or infant death.

CDC Centers for Disease Control and Prevention. A federal agency within the U.S.
Department of Health and Human Services responsible for investigating disease
trends and causalities, and promoting best disease prevention practices. For more
information see: http://www.cdc.gov/.

DCHD Davis County Health Department. One of the 12 local health departments with
public health jurisdiction in Utah. DCHD provides public health services to all
residents within Davis County, Utah. For more information see:
http://www.co.davis.ut.us/health/ or call (801) 525-5000.

EEP Environmental Epidemiology Program. A program within the Bureau of
Epidemiology, Division of Disease Control and Prevention, UDOH. The EEP was
established in 1996 and is responsible for investigating diseases related to the
environment. The program has two sections. One section conducts surveillance
and data management activities including managing the UEPHTN. The other
section conducts health hazards risk assessment, including cancer investigations.
The program is staffed by personnel with experience and expertise in
environmental epidemiology, environmental sciences, toxicology, statistics,
public health informatics and geomatics, and health education. For more
information see: http://health.utah.gov/enviroepi/.

IUGR Intrauterine growth restriction is a condition in which a baby in the womb fails to
grow at the expected rate during pregnancy. In many cases, IUGR is the result of
a condition that prevents the developing fetus from getting enough oxygen or
nutrients for normal growth. A common cause is placental insufficiency, in which
the placental tissue that delivers oxygen and nutrients to the fetus is not attached
properly to the womb or isn’t working correctly. IUGR can be symmetrical
(where all parts of the baby’s body are equally small but in proper proportion to
each other) or asymmetrical (where the baby’s head is of normal size, but the rest
of the body is small).

LBW Low birth weight. Babies that weigh less than 2,500 grams (5.5 pounds) at birth.
OVRS Office of Vital Records and Statistics. A program with in the UDOH that is
responsible for establishing the reporting requirements for vital records, collecting

vital records of birth and death, and maintaining those records. For more
information see: http://health.utah.gov/vitalrecords/.
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Power

Premature

RR

SAS

SGA

UDOH

UEPHTN

Statistical power is the ability of an analysis to detect an effect when there is a
true effect to be detected.

Premature births (sometimes called preterm) are births that occur before the
completion of the 38" week of gestation.

Relative risk (sometimes called a risk ratio) is the ratio of the risk of disease
among a study population compared to a comparison population. The risks
associated with each population can be measured in different ways. A common
way is to use a rate of disease within a population as a measure of a population’s
risk. When the risk ratio equals one (1.00), the study population has the same
level of risk as the comparison population. If the risk ratio is greater than one, the
study population has more risk than the comparison population. If the risk ratio is
less than one, the study population has less risk than the comparison population.
Because of uncontrollable variability in the data, confidence limits are usually
used in conjunction with the relative risk to help determine when the risks of the
two populations are close enough to be considered equal.

SAS (originally from “Statistical Analysis System”) is a globally recognized
system of integrated computer software products provided by SAS Institute, Inc.
The SAS system includes a large variety of data manipulation and statistical
analysis processes. The EEP uses the desktop version 9.2. For more information
see: http://www.sas.com.

Small-for-gestational-age is a condition where babies are born smaller in size than
that which is normal for their gestational age. SGA is most commonly defined as
a weight below the 10" percentile for the gestational age. SGA is one type of
IUGR.

Utah Department of Health. The UDOH is one of the executive agencies within
Utah state government. The UDOH strives to improve health in Utah through
promoting healthy lifestyles, evidence-based interventions, creating healthy and
safe communities, and eliminating health disparities. The EEP is a program within
the UDOH. For more information, see: http://health.utah.gov/.

Utah Environmental Public Health Tracking Network. The UEPHTN is a data
warehouse that contains health outcomes, environmental, and supporting data.
Data from the UDOH Office of Vital Records and Statistics and population data
derived from the U.S. Census Bureau are warehoused in the UEPHTN. For more
information see: http://epht.health.utah.gov/epht-view/.
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