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Abstract

3029 Microdeletion Syndrome: Phenotypic Differences between Urban and Rural Populations

By Hallie Averbach

3029 Deletion Syndrome is a genetic syndrome resulting from a recurrent 1.6 Mb
deletion on the long arm of chromosome 3 (Willatt, 2005; Ballif, 2008). The syndrome is rare,
with a prevalence of about 1 in 30,000. It is host to several phenotypic outcomes, including
autism spectrum disorder, heart defects, and intellectual disability (Baliff, 2008; Glassford et al.,
2016). However, the phenotypic outcomes vary among the population, meaning that not
everyone with 3929 Deletion Syndrome is subject to the same phenotypic outcomes. Currently,
researchers do not fully understand the reason behind this variability. It may be due to the
underlying biological mechanisms associated with the deletion or other factors, such as
environmental factors. Research efforts of 3q29 Deletion Syndrome are focused at Emory
University through an online registry and an in-person study. The 3929 Registry has identified
140 cases of 3q29 Deletion. Nineteen of these cases have undergone physical, behavioral, and
intellectual assessments, as outlined in Murphy et al. (2018) to learn more about the 3929
Deletion Syndrome phenotype.

Currently, neither the registry nor the in-person study consider how environmental
exposures related to phenotypic outcomes associated with 329 Deletion Syndrome.
Environmental exposures include exposures to chemicals from soil, air, and water, and other
factors, like exposures to stress, nutrition, and access to care. Existing data supports the
hypothesis that interaction between genetic factors and environmental exposures influences
phenotypic outcomes (Eley et al., 2004; Kim-Cohen et al., 2006; Manuck and McCaffery, 2014).
Understanding how the environment interacts with the 3929 deletion and the associated 3929
Deletion Syndrome could lead to insights on how environmental factors play a role in how the
differences in phenotypic outcomes manifest among the population. By identifying potential
environmental exposures related to 3g29 Deletion Syndrome at the broad level of urban versus
rural living areas, assessing whether individuals with 3929 Deletion Syndrome experience
different health outcomes based on living area, and suggesting future environmental exposure
studies in relation to 3929 Deletion Syndrome, this analysis aims to develop a preliminary
understanding of how environmental factors may play a role in health outcomes associated with
3029 Deletion Syndrome.

Keywords: 3929 microdeletion, 3929 deletion, gene-environment interaction, urban and rural
populations, environmental exposures, access to care
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Introduction

3929

Background and prevalence

3929 Deletion Syndrome is a rare genetic disorder with a prevalence of 1 in 30,000
individuals. It results from a recurrent 1.6 Mb deletion on the long arm of chromosome 3
(Mulle, 2010). It is unclear as to why or how the deletion occurs (Mulle, 2010). First
discovered in 2005, this deletion results in deletion of 21 genes in the region, as summarized
in Table 1. Not all the functions of genes in the region are known, but some, such as
FBXO045, are associated with synapse formation, axon pathfinding, and neuronal migration.
Others, such as PAK?2 are involved in mediating molecular processes such as neuron
migration (Mulle et al., 2017). The deletion of these genes could be related to the phenotypic
outcomes associated with the syndrome. This syndrome is a result of the deletion, which
often appears de novo. It is associated with a range of physical, psychosocial, and
neurological outcomes. Some of these outcomes include heart defects, dental abnormalities,

autism, anxiety, and intellectual disability (Baliff, 2008; Glassford et al., 2016).

Phenotype

The 3929 deletion is characterized by clinical features of developmental delay or
intellectual disability (Mulle et al., 2016). Individuals with the syndrome present a higher rate
of autism spectrum disorder and anxiety diagnoses than the general population (Glassford et
al., 2016). Most notably, individuals with 3q29 Deletion Syndrome have a 40 fold risk
increase for schizophrenia, which makes it the largest molecular risk for schizophrenia

(Mulle, 2015; Stefansson et al., 2014). Additionally, individuals with 3q29 Deletion



Syndrome tend to exhibit these neurophysiological behaviors earlier than the average age of
risk (Glassford et al., 2016). The syndrome is also associated with a variety of physical
health outcomes such as heart defects, dental abnormalities, and low birthweight (Glassford

etal., 2016).

Diagnosis, surveillance, and treatment

The 3q29 deletion is diagnosed by detection of the 1.6 Mb heterozygous deletion at
the approximate position of chr3:195998129-197623129 in the reference genome (Mulle et
al., 2016). This detection is typically done via chromosomal microarray. After diagnosis,
surveillance is necessary for those affected by 3q29 Deletion Syndrome. Areas of
surveillance include: feeding and nutrition patterns, progress in meeting developmental
milestones, cognitive development, and possible neuropsychiatric manifestations (Mulle et
al., 2016).

Due to the health outcomes associated with 3q29 Deletion Syndrome, treatment is
often needed to manage these outcomes. Because of global developmental delay, those
impacted by 3q29 Deletion Syndrome may be subjected to early speech and language therapy
to address speech delays or physical therapy address fine and gross motor delays (Mulle et
al., 2016). An individualized education program (IEP) may be developed for school-age
children.

To treat neuropsychiatric disorders, care by a child psychiatrist/psychologist may be
necessary. To address problems with feeding and nutrition patterns, families may consider
feeding therapy and consideration of gastrostomy tube. Physician visits may be required for
routine management of congenital heart defects. Dental work may be needed for dental

abnormalities.



Past and current efforts to understand 3q29 Deletion Syndrome
3929 Deletion Syndrome was first described in 2005 by Willatt et al. (2005). In this

study, the researchers characterized six patients with almost identical deletion sizes. Since
then, efforts have been made to learn more and better understand the syndrome. A registry,
described in Glassford et al., (2016) exists for individuals with 3q29 associated syndromes,
including 3q29 Deletion Syndrome. Additionally, a study at Emory University, described in
Murphy et al. (2018), is working on characterizing the 3q29 Deletion Syndrome phenotype.
Currently, this study is the only one of its kind.

As previously noted, despite the genetic shared variant of the 3929 deletion,
variability exists between phenotypes and in the severity to which the different phenotypic
traits are expressed. The reasons for variability are unknown and could be due to many
factors, including environmental factors. For example, we know that environmental
chemicals exposure is a risk factor for autism spectrum disorder (Becker, 2007). Autism
spectrum disorder is one example of a phenotype of 3q29 Deletion Syndrome that could be
modified by other factors besides the gene itself. Looking at other factors, including
environmental exposures such as air quality, water quality, access to care, and presence of
chemicals in the environment, could lead to understanding more about how these phenotypes

arise or the variability at which they come about.

Gene-environment interaction

Gene-environment interaction can explain how individuals with the same genotype

are subjected to different phenotype (Purcell, 2002). Evidence indicates that the environment



impacts and modifies how genes are presented as a phenotype (Eley et al., 2004; Kim-Cohen

et al., 2006; Manuck and McCaffery, 2014).

Mental health

Gene-environment interactions have been analyzed in many studies related to mental
health. Studies have indicated how the environment can affect serotonin receptors and make
individuals more susceptible to depressive symptoms and diagnoses based on where they are
living (Jokela, Lehtiméki, and Keltikangas-Jérvinen, 2007). In this study, individuals with the
T allele of the T102C polymorphism of the HTR2A gene, responsible for the receptor 2A,
were more likely to experience depressive symptoms in rural areas than those with the T
allele living in urban areas. However, there was no difference with the C allele of this gene.
In this example, it was speculated that the differences in expression of the T allele were
potentially due to the fact those living in urban settings had a higher education level and a
larger social network for support. This analysis sheds light on some of the environmental
factors that can lead to outcomes related to mental health in those that are genetically
predisposed to that outcome.

This concept is present in other studies, as well. Eley et al., (2004) also looked at
gene-environment interactions in the case of developing depression. Depression is a complex
condition that is influenced by many genetic and environmental factors. The researchers
point out that in the case of many neuropsychological disorders, a combination of genetic
risk factors and environmental risk factors work together to develop the phenotype and
determine the severity of the disorder, making the whole situation complex. This study
specifically looked at the effect that exposures to stress as well as the SHT serotonin receptor

gene. This study found that the SHT gene was more directly related to depression outcomes,



and environmental exposures were not significantly associated with depression outcomes.
Nonetheless, this analysis examines how complex neuropsychological disorders are in terms
of genetic and environmental factors and how these interactions can complicate the expected
outcomes.

Similar evidence has been exhibited for other mental health conditions, such as
anxiety. This was determined in a study from Kender et al. (1986), where researchers
considered fourteen symptoms related to anxiety and depression among 3,798 sets of
volunteer twins in Australia. This study found that for most of the symptoms, the outcome
was dependent on genetic factors and influenced by environmental events specific to the
individual, such as undue stress from the death of a parent. For four of the symptoms, the
researchers were unable to distinguish between whether genetic or environmental factors
played a larger role in the phenotypic outcome. The study concluded that genetic and
environmental factors are sometimes so intertwined that it is difficult to isolate just one to
determine the etiology of the condition. This shows how complex these gene-environment
interactions can be, especially when the outcome is related to mental health.

These complexities are not unlike the complexities associated with 3q29 Deletion
Syndrome. Additionally, considering that the syndrome is pleiotropic, different
environmental factors may have different outcomes on different phenotypes associated with
the condition. Looking at these concepts through the lens of 3q29 Deletion Syndrome can
help understand how the environment interacts with this mutation to present some of these

phenotypic outcomes.



Urban and rural settings

Whether someone lives in an urban or rural area changes the factors they are exposed
to, including both environmental and social factors. Some environmental factors include
exposure to different chemicals, different levels of air quality, and access to clean water.
Some social factors include socioeconomic status and access to healthcare. This is by no
means an exhaustive list, but just a sample to show how many differences exist between
urban and rural settings. All of these factors play a role in the health outcomes observed in

the individual.

Chemical Exposures

One difference between urban and rural settings is exposure to chemicals, such as
pesticides. Those living in rural settings may be exposed to higher levels of pesticides, which
are known to have effects on neurological development. Furthermore, a study that looked at
the Texas Birth Defects Registry found that babies born to mothers living in rural settings
have a higher incidence of being born with a heart defect (Langlois, et al., 2009). The
researchers speculate that the higher prevalence of agricultural chemicals present in rural
communities impacts on the fetus’s heart development. However, chemical exposures also
exist in urban settings and can contribute to developmental outcomes. A study from China
found that dietary cadmium exposure was higher in those living in city settings than in rural
settings (Watanabe et al., 1998). Additionally, a study in Toronto found that urban settings
had levels of persistent organic pollutants 5-10 times higher than a rural area 75 kilometers

north of the city (Harner et al., 2004).



Air Quality

Additionally, living in an urban setting could expose someone to lower levels of air
quality. This could be due to increased pollution and particulate matter in the air from
increased traffic patterns. A study in Switzerland found that levels of particulate matter in
rural areas were consistently a third lower than levels in urban areas (Monn et al., 1995).
Another study shows that increased population size and increased rates of urbanization leads
to increased levels of air pollution, specifically increased carbon dioxide emissions (Cole and

Neumayer, E. 2004).

Access to Care

Due to these different environmental exposures, health outcomes among urban and
rural populations may differ. Beyond environmental exposures, the type of care one has
access to varies based on the setting (Hartley, 2004). More than 61 million people living in
rural settings in the United States do not have adequate access to care (Eberhart et al., 2001).
Without this care, both diagnosis and treatment is sparse. For example, a study from
Australia found that congenital heart defects were more common closer to urban centers
(Kidd, Lancaster, and McCredie, 1993). The researchers believe that this is due to the fact
that those living in more urban areas have increased access to care and would be more easily

diagnosed.

Phenotypic outcomes

These differences translate to difference in phenotypic outcomes. For example,
exposure to different factors in urban and rural areas has an effect on the birthweight of
newborns (Reading, Raymond, and Jarvis, 1993). Additionally, studies (Kelleher, 1993;

Hannaway, 1970) found that low birth weight was associated with failure to thrive. Since



living in an urban area is associated with increased risk of low birth weight, these individuals
may also be at an increased risk for failure to thrive. Beyond this, rates of dental
abnormalities differ between urban and rural settings (Sanadhya et al., 2015; Levin et al.,
2010; Olasoji and Odusanya, 2000). Observed differences between rural and urban settings is
also true for mental health outcomes, such as anxiety (Vassos et al., 2016; Vega et al., 1998).

However, the link between urban and rural settings and different phenotypic
outcomes are not always clear cut. For example, some studies indicate that there is an urban-
rural distribution of autism and that autism spectrum disorder diagnosis rates are higher in
urban settings, which could be influenced by differences in access to care (Gillberg, 1984;
Williams, Higgins, and Brayne, 2006; Becker, 2007). In fact, due to heightened mercury
exposure and other environmental toxins in urban settings, increased urbanization is
considered to be a risk factor for autism (Becker, 2007). However, exposure to insecticides in
rural communities have also been found to be linked to the development of autism (Shelton,
Hertz-Picciotto, and Pessah, 2012; Landrigan, Lambertini, and Birnbaum, 2012; Pessah and
Lein, 2008). There is speculation that exposure to neurotoxins, such as insecticides and other
industrial chemicals, during the period of brain development can lead to neurodevelopmental
disorders, including autism, in the offspring (Grandjean and Landrigan, 2006). Although the
exact exposure of chemicals differs between urban and rural environments, cases have been
made among both settings to show that exposure to neurotoxins have led to an increased
incidence of autism in both areas.

It is clear that differences between urban and rural settings are widespread and
complex. Due to this, the present study will analyze of how environmental factors play a role

in 3q29 Deletion Syndrome will look at urban and rural differences broadly. This project will



help to fill the knowledge gap between the health outcomes associated with 3q29 Deletion
Syndrome and how they manifest themselves in urban and rural settings. Future analyses
could look at some of these factors more in depth.

The hypothesis being tested is that there are differences in phenotype between those
who have 3q29 Deletion Syndrome and live in a rural setting compared to those who have
3929 and live in an urban setting. The prediction is that there will be a higher prevalence of
autism spectrum disorder, dental anomalies, anxiety, and depression among those who live in
urban areas. Birth weight is also expected to be lower in urban areas. History of seizures and

reports of failure to thrive are expected to be higher in rural locations.

Methods
Registry

The 3929 Registry (3g29deletion.org) provides extensive self-reported information
from study subjects and their parents or guardians on individuals with 3q29 syndromes
including outcome data regarding physical, behavioral, and psychological characteristics
(Glassford et al., 2016). Families of individuals with 3929 syndromes or the individuals
themselves usually find the registry from clinical genetics reports or by performing internet
searches for “3q29” and clicking on the registry link. The registry has been active since 2013

and is still accepting enrollment.

Study sample

All registry participants who registered by October 4, 2018 were included in the
initial download (n=278). Twenty-two individuals who did not report a zip code were

excluded. As the registry consists of 3q29 deletion carriers, twenty-seven 3q29 duplication
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carriers, and eighty-two control participants, only those who have the 3q29 deletion were
included. Since all the information pertinent to the study is in the medical questionnaire,
thirty individuals who did not complete that questionnaire were excluded.

Finally, five instances occurred where the same participant had multiple entries in the
registry. This was mostly due to both parents entering data for the participant, or someone
forgetting their registry password and beginning a new entry later. Duplicate entries for the
same individual were compared using a match feature in Microsoft Excel. Any variables that
differed between entries were counted as missing. The final sample size of 107 individuals
included participants from both the United States and international participants. There are 63
males and 44 females in the sample. The mean age of individuals in the sample is 13 years

old. Data are stored as a Microsoft Excel file.

Variables

The variables in the download contain a subset of the medical questionnaire as well as
demographic information. The variables downloaded included data pertaining to both
psychological (anxiety diagnosis and autism spectrum disorder diagnosis,) and physical
(birth weight, failure to thrive, whether the individual was born with a heart defect, presence
of dental abnormalities) phenotypes. In the registry, birth weight is reported categorically in
one-pound increments. In this study, the midpoint of each increment was used for the
analysis. Since the mean age of individuals in the dataset was 13 years old, physical
developmental characteristics and ASD are apparent. However, this is still too young for
some other psychological phenotypes associated with 3q29, such as depression or
schizophrenia, to be diagnosed. Therefore, these variables were not included in the final

analysis. Information of potential confounding variables, such as gestational age, sex,
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ethnicity, and race, were also captured in the dataset. Calculated variables included
population density of current city, urban or rural classifications, distance from city of birth

from current city, and distance to hospital from current city.

Classification

These data were categorized into urban or rural classifications by using participants’
zip codes. The U.S. Census defines an urban area as one that has a population density of over
1,000 people per square mile (Ratcliffe et al., 2016). For participants in the United States,
SimplyAnalytics was used to determine population density for each participants’ reported zip
code (SimplyAnalytics, 2018). For international participants, zip codes and cities were used
to look up population density data for that area based on information provided by the
country. The population density of all participants was compared to the U.S. Census
definition of urban to determine if a participant lived in a rural or urban area, regardless of if
they lived in the United States or outside of the United States. Both population density and
the urban and rural classifications were included in the final dataset.

To determine how far participants live from where they were born, Google Maps was
used to provide directions from the current zip code to the recorded city of birth. These data
were stored in miles. This information was used to determine if exposure data could be
generalized across the lifespan of the participants.

To see how far individuals lived from a hospital, zip codes were entered into Google
Maps. Directions were calculated from this zip code to a generic search query of “hospital,”
which would automatically pull up the closest hospital to the individual. This distance, in

miles, was recorded in the dataset. This variable was used as a proxy to estimate access to
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care among individuals and see if there was some difference in access to care between those

who live in urban or rural settings, as that may be a confounding variable.

Analysis plan
All data analysis was performed using SAS 9.4 software (SAS Institute Inc, 2013).

Descriptive statistics including mean and standard deviation stratified by urban and rural
setting were reported for age, birthweight, and distance to nearest hospital. Unpooled t-tests
were used to determine if there was a true difference in distance to the closest hospital
between urban and rural populations. Because the variances of distance to hospital were not
equal between urban and rural settings, unpooled t-tests were used to analyze the significance
of this potential difference. Prevalence of anxiety, autism, failure to thrive, heart defects, and
dental abnormalities was also reported and stratified by urban and rural setting.

Regression models were used to analyze the relationship between phenotypic
outcomes of 329 Deletion Syndromes and how the urbanization of a person’s environment.
A linear regression model was used to determine the relationship between birthweight and
urbanization, controlling for sex and gestational age. Logistic regression models were used to
determine the relationship between urbanization and failure to thrive rates, anxiety diagnoses,
autism diagnoses, dental abnormalities, and heart defects. Since autism rates are higher
among males (Loomes, Hull, and Mandy, 2017) and diagnosis is contingent upon age, this
model controlled for age and sex. Anxiety diagnoses are also contingent upon age (Kessler et
al., 2007) so the anxiety model also controlled for age. The variables requiring a diagnosis
(failure to thrive, heart defect, dental abnormalities, anxiety, and autism) were also controlled

for distance to medical center, since those living closer to a medical center may have more
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access to care and may be more likely to receive a diagnosis and treatment. An alpha of 0.05

was set prior to running any analyses.

Results

This analysis sought to examine the phenotypic differences between individuals with
3929 Deletion Syndrome living in urban areas and individuals with 3q29 Deletion Syndrome
living in rural areas. In order to do this, a study sample from the 3929 Registry was extracted
and analyzed. Participants were grouped into urban and rural populations based on U.S.
Census parameters of urban areas and the participants’ zip codes.

As shown in Table 2, the study sample consisted of 107 individuals with 3929
Deletion Syndrome. Of these individuals, 63 were male and 44 were female. The average age
of an individual in this sample was 13.

Thirty-one registry entries included a self-report of autism. Thirty registry entries
included a self-report of anxiety. Twenty-seven reported heart defects. Ninety-one reported
dental abnormalities. Thirty-seven reported failure to thrive. The mean birth weight in the
population was 6.22 pounds.

56 of these individuals lived in urban settings, as defined in the methods section, and
51 individuals lived in rural settings. Table 2 shows the average age of individuals with 3q29
living in an urban population was 9.93 years old (standard deviation=6.00) and the average
age of individuals with 3q29 living in a rural population was 15.87 years old (standard
deviation=13.458).

As shown in Table 3, the percent of individuals with anxiety diagnoses in urban areas
(24.1%) was 10.6% lower than the percent of individuals with anxiety diagnoses in rural

areas (34.7%). The percent of individuals who presented dental abnormalities was 9.8%
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higher in rural (90.2%) than urban (80.4%). However, failure to thrive diagnoses were 10.3%
higher in urban areas (40.7%) than rural areas (30.4%). The prevalence of autism was 0.4%
higher in rural areas (30%) than urban areas (29.6). Heart defects were 3.3% higher in urban
(26.8%) than rural (23.5%) populations (Figure 1). Table 4 shows the mean birth weight was
0.1 pound lower for urban populations (6.2 lbs.) as compared to rural (6.3 Ibs.) populations
(Figure 2).

The average distance to a hospital for those living in an urban setting was 5.98 miles
while the average distance to a hospital for those living in a rural setting was 18.3 miles
(Figure 3). After conducting an unpooled Satterhwaite t-test, this difference in distances was
found to be significant (p=0.0086). This shows that the distance someone with 3q29 living in
a rural setting must travel to receive medical care is significantly farther than the distance
someone with 329 living in an urban setting has to travel to receive the same care.
Therefore, distance to a hospital could be a potential covariate in the differences in
phenotypes among those with 3q29 Deletion Syndrome.

Table 5 shows results of regressions with living in an urban environment as the
reference point. Based on this analysis, living in an urban or rural setting did not have a
significant effect upon the differences in phenotypic outcomes associated with 3q29 Deletion
Syndrome. Additionally, after controlling for distance to nearest hospital as a proxy for
controlling for access to care, no significant difference was found between those living in
urban or rural settings and phenotypic outcomes associated with 3q29 Deletion Syndrome

(Table 6).
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Discussion

This study was designed to test the hypothesis that there is some difference in
phenotype between those who have 3q29 and live in a rural setting compared to those who
have 3g29 and live in an urban setting. In this analysis, individuals with 3q29 Deletion
Syndrome from the 3q29 Registry were categorized into living in an urban or rural setting by
the population density of their zip codes. Regression analyses were used to determine
whether there was an association between the type of setting in which a person lives and six
phenotypic characteristics of 3q29 Deletion Syndrome (autism, anxiety, failure to thrive,
heart defect, dental abnormality, and low birth weight). Although no regression models
determined statistical significance between the relationship of the setting in which someone
with 3q29 Deletion Syndrome lives and their phenotypic outcomes, it was found that
individuals living in a rural setting lived, on average, 18.3 miles farther from a hospital than
those living in an urban setting. This analysis helps begin to understand how environmental
factors, including environmental exposures and access to care, may play a role in
development of the 3q29 Deletion Syndrome phenotype.

This analysis used population density as a proxy for urbanization. However, using
population density as a proxy and separating individuals into urban and rural areas is not
specific enough of a classification and may cause some of the effects to get lost. Instead, it
may be beneficial to look at the aspects of the environment that differ between these two
settings on their own, such as exposure to chemicals, air quality, or water quality, as opposed
to the broad classification. For example, as previously mentioned with hypothesis around the
development of autism, neurotoxins that are thought to contribute to a higher risk of autism
are found in both urban and rural environments (Becker, 2007; Grandjean and Landrigan,

2006). Furthermore, other environmental factors, such as nutrition of the mother, or stress
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and trauma, cannot accurately be predicted by classifying an area as urban or rural, but
influence the health outcome of the offspring. Studies have shown that maternal stress alters
the epigenome and can have negative health effects on the offspring (Tyrka et al., 2012). This
effect, along with many others, would not be picked up in a population density analysis, but
is still an environmental exposure that alters the health outcome of an individual. Therefore,
looking at the effects of these other factors more closely may shed better insight on
differences in health outcomes based on environmental exposures.

Furthermore, transprogeneral theory could play a role in phenotype of 3q29 Deletion
Syndrome. As noted in earlier studies (Skinner, 2011; Perera and Herbstman, 2011;
Heijmans et al., 2008), exposures during the parent’s lifespan can create epigenetic
differences that are passed onto the offspring. Therefore, looking at the parents’ past
exposures could be helpful. Potentially, the mother or father were exposed to some
environmental factor and changes were made to their gametes. Later, the combination of
these changes and occurrence of 3q29 Deletion Syndrome could lead to variability in
phenotype. Overall, environmental factors that modify gene expression, both in the
individual with 3q29 Deletion Syndrome and in that person’s parents, could be an
explanation to variety in phenotype and this idea worth pursuing more.

Beyond the importance of further scrutinizing the differences between urban and rural
factors, this analysis shed light on the differences in access to care between urban and rural
populations of individuals with 3q29 Deletion Syndrome. On average, individuals with 3929
Deletion Syndrome living in rural areas had to drive 12.3 miles further to get to a hospital
than individuals with 3q29 Deletion Syndrome living in urban areas (rural=18.3 miles,

urban=5.98 miles). However, what is interesting, is that despite this difference, there do not
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appear to be any significant differences in prevalence of aspects of the 3q29 Deletion
Syndrome phenotype (autism, anxiety, dental abnormalities, heart defect, failure to thrive, or
low birth weight) between people living in urban and rural areas. That means that even with
people in urban areas being way closer to hospitals than those in rural areas, there are about
equal numbers of urban and rural populations being diagnosed with the same conditions. We
would likely expect that individuals living closer to a hospital would be more likely to be
diagnosed with conditions compared to those living further away, but that does not seem to
be the case in this population.

Perhaps those living in rural areas and further away from hospitals still have good
access to care, meaning that they are able to get to a healthcare provider in and receive the
care they need in a timely manner. Conversely, it is also possible that because the phenotypes
exhibited in this population are more severe, therefore are more likely to be identified and
require more medical attention than the average population, so parents or caregivers are more

likely to seek out care, even if that means traveling further to see a healthcare provider.

Limitations

This study has limitations associated with it. First, all of the data is from a survey and
it is self-reported. Self-reported data is subject to inaccuracies as participants may try to
answer in such a way as to portray themselves in a certain manner. Additionally, reports of
historical data is subject to recall bias, which could contribute to inaccuracies in the data.

Additionally, since there is no follow up data, this study consisted of a cross sectional
analysis. Due to the nature of cross-sectional studies, there is no way to determine causality
of exposures to outcomes. This means that even if there were some associations between

urban and rural settings compared to phenotypic outcomes, there is no way of determining if
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those outcomes were due to someone living in an urban or rural setting or if they were due to
another factor.

Another limitation to this study is that the small sample size leads itself to
underpowered results. Because the sample size was only 107 participants and they were
divided into two groups, there was not enough power to determine if a meaningful
association actually existed within the population. Increasing the sample size would increase
the power of the study without decreasing the alpha.

Finally, this analysis uses population density to classify and define urban or rural
settings. However, since the differences between urban and rural settings that can change
gene expression are often related to differences in exposure, population density may not be
the best way to classify settings. Additionally, categorizing individuals in this way
contributed to decreasing the power of the study. Nonetheless, this was the most reasonable
proxy to use with the data available. Future studies should look to collect more data

appropriate to exposure assessment to avoid continuing to use population density as a proxy.

Future Directions

This analysis gives a starting point to future analyses of 3q29 Deletion Syndrome and
environmental exposures. Different analysis techniques, such as a biomarker analysis, would
allow researchers to study how environmental factors determine phenotypic outcomes of
3929 Deletion Syndrome more in depth. Additionally, researchers could target analyses more
to analyze specific of environmental exposures. Administering a healthcare access and
utilization survey would also be useful to better understand non-genetic factors that may

affect phenotypic outcome of 3q29 Deletion Syndrome.



19

Studies on 3q29 Deletion Syndrome could benefit greatly from biomarker analysis in
assessing chemical exposures. Biomarkers, such as blood, urine, hair, or fingernails, are
widely used and relatively easy to obtain, with blood being one of the most difficult. The
Emory 3q29 Project already collects blood as part of its protocol (Murphy et al., 2018), so
some serum collection could be set aside for biomarker analysis. Looking at blood samples
allows researchers to see different metabolites in the blood, giving light to potential
exposures. Hair and nail samples could also be used in biomarker analysis to see chemical
exposure over time. Collecting these samples are likely even easier than collecting a blood
sample, and still give some sort of longitudinal exposure data.

Additionally, those studying 3q29 Deletion Syndrome could benefit from studying
differences in environmental exposures beyond just urban and rural data. As previously
mentioned, there are many environmental factors that differ between urban and rural
environments, such as air quality, water quality, and chemical exposures. Furthermore,
environmental exposures, such as stress, trauma, and nutritional factors, are not dependent
upon urban or rural settings, but still may play a role in gene expression and should be
considered.

In order to look at these factors more closely, researchers can take a few different
steps. First, looking at biomarker analyses, as previously suggested, would give a good idea
of what chemical exposures someone has been subjected to. Additionally, having a better
idea of location data over time, such as knowing where the individual with 3q29 Deletion
Syndrome lived throughout their life or where their mother lived during pregnancy, would
give more data points to do a more thorough data analysis of air or water quality data

someone was subjected to throughout their life, including in utero. A driving factor as to why
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the current analysis only used urban and rural data was because little location data has been
reported to date, so any other type of analysis was not very feasible.

Finally, administering a healthcare access and utilization survey would be useful in
determining differences in access to care among the population of individuals with 3q29
Deletion Syndrome. These types of surveys have been useful in other studies to show how
access to healthcare differs among populations studied (Goodridge et al., 2010; Haggerty et
al., 2007; Casey et al., 2001). Administering a survey of this nature could give more insight
into how individuals with 3q29 Deletion Syndrome living in rural areas are able to have
similar diagnostic rates of associated conditions as those living in rural areas, despite living

much farther away from a hospital.

Conclusions

In this hypothesis generating study, a subset of the 3q29 Registry was analyzed to
determine how phenotypic outcomes of 3q29 Deletion Syndrome differed between urban and
rural populations. Although none of the variables examined (anxiety, autism, birth weight,
heart defects, failure to thrive, or dental abnormalities) were statistically different among
urban and rural populations, this analysis gives direction for future studies involving
environmental exposures and 3q29 Deletion Syndrome. Future studies should consider
looking at more specific environmental exposures, such as metal exposures, air quality, or
maternal stress. Additionally, since there was a statistically significant difference among
distance from a hospital between urban and rural populations, but incidence of health
outcomes did not differ between populations, looking further at healthcare access and

utilization may be of interest. This analysis is not conclusive or meant to imply causality but



21

will help prioritize future research in areas pertaining to environmental exposure, including

access to care, and phenotypic outcomes of 3q29 Deletion Syndrome.
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Gene Function Source

DLGI1 Plays a role in trafficking of a-amino-3-hydroxy-5- Mulle et al., 2017
methyl-4-isoxazolepropionic acid (AMPA) and N-
methyl-D-aspartate (NMDA) receptors to the neuronal
membrane.

FBXO045 | Required for synapse formation, axon path finding, and | Mulle et al., 2017
neuronal migration

PAK2 Involved in mediating molecular processes (neuron Mulle et al., 2017
migration, outgrowth, and spine morphogenesis, and
also controls neuronal differentiation)

RNF168 | Part of the cellular machinery responsible for the repair | Mulle et al., 2017
of DNA double-strand breaks.

BDH Plays a role in ketone body metabolism and regulation | Willat, 2005; Adami et

of lipid metabolism

al, 1993

Table 1. Select genes associated with 3q29 Deletion Syndrome
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All Urban Rural
Sex Male 63 31 32
Female 44 25 19
Autism (missing 5) Yes 31 16 15
No 73 38 35
Anxiety (missing 6) Yes 30 13 17
No 73 41 32
Failure to thrive (missing 6) Yes 37 22 15
No 66 32 34
Heart Defect (missing 2) Yes 27 15 12
No 80 41 39
Dental abnormality (missing 2) | Yes 91 45 46
No 16 11 5
Age average 13 9.93 15.87
Birth weight average 6.22 6.17 6.28
Total 107 56 51

Table 2. Population Characteristics of Sample
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N Mean Standard Deviation | Variance Missing
Anxiety
Urban 54 24.07 0.43 0.17 2
Rural 49 34.69 0.48 0.23 2
Autism
Urban 56 29.63 0.46 0.21 2
Rural 50 30 0.46 0.211 1
Failure to Thrive
Urban 54 40.74 0.50 0.25 2
Rural 49 30.61 0.47 0.22 2
Heart Defect
Urban 56 26.79 0.45 0.20 0
Rural 51 23.53 0.43 0.18 0
Dental Abnormality
Urban 56 80.36 0.40 0.16 0
Rural 51 90.20 0.30 0.09 0

Table 3. Descriptive Characteristics for Dichotomous Variables
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N Mean Standard Deviation Variance Missing
Age
Urban 56 9.93 6.00 35.98 0
Rural 50 15.87 13.46 181.12 1
Birthweight
Urban 53 6.17 1.70 291 3
Rural 49 6.28 1.43 2.05 2
Distance to hospital (miles)
Urban 56 5.98 4.76 22.69 0
Rural 51 18.30 31.86 1014.82 0

Table 4. Descriptive Characteristics for Continuous Variables
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Variable Method Covariates | OR (CI) Beta p-value P-value
for
covariates

Anxiety Logistic Sex, age 0.653 -0.4257 0.3511 Sex:

regression (0.267, (sex=0.051 0.9085
1.598) 2, age Age:
=0.0162) 0.4223
Autism Logistic Sex, age 1.074 0.4563 0.8758 Sex:
regression (0.439, (sex=0.463 0.0654
2.626) 7, age= Age:
0.0208) 0.6377
Failure to | Logistic None 1.558 0.4436 0.2859
thrive regression (0.69,
3.519)

Dental Logistic None 0.445 -0.8104 0.1614

abnormaliti | regression (0.143,

es 1.382)

Heart Logistic None 1.189 0.1731 0.6987

defect regression (0.495,

2.857)

Birth Linear Gestational | NA -0.11991 0.6319 Gestational

weight regression | age, sex (gestational age: <.0001

age= Sex:
0.30039, 0.9291
Sex= -

0.02519)

Table 5. Regressions with living in an urban area as the reference point.
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Variable | Method Covariates | OR (CI) Beta p-value P-value for
covariates
Anxiety Logistic Sex, age, 0.596 -0.5180 0.2786 Sex: 0.9296
regression | distance to | (0.233, Age: 0.4471
nearest 1.521) Distance to
hospital hospital:
0.5651
Autism Logistic Sex, age, 1.174 0.1605 0.7338 Sex: 0.0710
regression | distance to | (0.465,
nearest 2.962) Age: 0.6167
hospital
Distance to
hospital:
0.4642
Failure to | Logistic Distance to | 1.527 0.4235 0.3270 Distance to
thrive regression | nearest (0.655, hospital:
hospital 3.563) 0.8691
Dental Logistic Distance to | 0.589 -5.300 0.4041 Distance to
abnormalit | regression | nearest (0.169, hospital:
ies hospital 2.044) 0.3982
Heart Logistic Distance to | 1.541 0.4325 0.3786 Distance to
defect regression | nearest (0.588, hospital:
hospital 4.036) 0.2549
Birth Linear Gestational | NA -0.29454 1 0.2577 Gestational
weight regression | age, sex , age: <.0001
distance to Sex: 0.9604
nearest
hospital Distance to
hospital:
0.3593

Table 6. Regressions with living in an urban area as the reference point including distance to
hospital as a covariate for all variables.
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Figure 1. Counts of 3q29 associated phenotypes stratified by urban and rural populations.



Average birth
weight (Ibs)

6.2800  6.1700

Value

Rural Urban

Figure 2. Mean birth weight of individuals with 3q29 Deletion Syndrome stratified by urban and
rural living areas.
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Figure 3. Average distance to hospital from reported zip code in miles for people with 3q29 Deletion
Syndrome stratified by urban and rural living areas (p=0.0086%).



