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Abstract
Context—The serotonin transporter (SLC6A4) has been associated with several stress-related
syndromes including posttraumatic stress disorder (PTSD). The ability to detect meaningful
associations is largely dependent on reliable measures of preexisting trauma.

Objective—To study the association of genetic variants within SLC6A4 with acute and
posttraumatic stress symptoms in a civilian cohort with known levels of preexisting trauma and
PTSD symptoms collected prior to a shared index traumatic event.

Design—Ongoing longitudinal study.

Setting—On February 14, 2008, a lone gunman shot multiple people on the campus of Northern
Illinois University in DeKalb, Illinois, killing 5 and wounding 21. As part of an ongoing
longitudinal study on that campus, a cohort of female undergraduate students, interviewed prior to
the shooting, completed follow-up trauma-related measures including PTSD symptom severity
(follow-up survey was launched 17 days postshooting; n=691). To obtain DNA, salivary samples
were collected from a subset of the original study population based on willingness to participate
(n=276).

Participants—Two hundred four undergraduate women.

Main Outcome Measures—SLC6A4 polymorphisms STin2, 5-HTTLPR, and rs25531 were
genotyped in 235 individuals.

Results—We found that although the STin2 variant and 5-HTTLPR alone did not associate with
increased PTSD symptoms, rs25531 and the 5-HTTLPRmultimarker genotype (combined 5-
HTTLPR and rs25531) were associated with significantly increased acute stress disorder
symptoms at 2 to 4 weeks postshooting (n = 161; P<.05). This association remained significant
when controlling for race and for level of shooting exposure (n = 123; P<.007). The association
was most robust with the 5-HTTLPR multimarker genotype and avoidance symptoms (P=.003).
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Conclusion—These data suggest that differential function of the serotonin transporter may
mediate differential response to a severe trauma. When examined in a relatively homogenous
sample with shared trauma and known prior levels of child and adult trauma, the 5-HTTLPR
multimarker genotype may serve as a useful predictor of risk for PTSD-related symptoms in the
weeks and months following the trauma.

In recent years, posttraumatic stress disorder (PTSD) has gained increasing recognition as a
major public health issue. It is characterized in the DSM-IV by the appearance of 3
symptom clusters following an acutely traumatic event: reexperiencing (flashbacks and
nightmares), avoidance of trauma-related stimuli, and hyperarousal. While PTSD has always
been associated with combat veterans, it is generally accepted that any civilian trauma,
including sexual or physical assault, childhood abuse, motor vehicle accident, or other type
of disaster, can also lead to the disorder in at-risk individuals. The life-time prevalence of
PTSD has been estimated to be 6.8% among adult Americans.1–3 Only a minority of people
exposed to traumatic or life-threatening events will go on to develop PTSD. Research has
shown risk factors for the development of PTSD to include severity of perceived life threat
during trauma, prior trauma, family history of psychopathology, peritraumatic emotional
responses, and peritraumatic dissociation.4,5

The heritability of PTSD was first described among veterans of the Vietnam War through
twin studies, which suggested that genetic factors explain approximately 30% of the
variance in PTSD symptoms.6 However, while the heritability of PTSD has been accepted
for some time, molecular genetic association studies of PTSD have been limited. In this
respect, published molecular genetics research into PTSD lags behind similar research on
depression, bipolar disorder, and schizophrenia. Extant research has identified a small
number of possible specific loci based on association studies, but findings to date have not
been definitive.7,8 Because PTSD is a psychiatric disorder that is dependent on exposure to
an environmental pathogen, genetic association studies examining genetic risk for PTSD are
significantly more complex as compared with other forms of disease; this complexity has
resulted in methodological inconsistencies in the current literature. For diseases involving
environmental pathogens, gene × environment (G × E) studies have been a topic of
increasing interest. A G × E interaction occurs when disease risk is dependent on the
differential susceptibility of genotype to environmental pathogens. Gene × environment
interactions are seen as a promising tool for investigating the 2-fold etiology of PTSD
because the environmental pathogen (acute trauma) is known, is required for the diagnosis,
and has the potential to be measured.9

Of the roughly 30 molecular genetics studies of PTSD conducted so far, 18 have focused on
dopaminergic and serotonergic systems.7 Half of these studies have investigated the locus
SLC6A4 coding for the serotonin transporter protein (5HTT). This protein functions to
transport serotonin from the synaptic cleft back into presynaptic neurons and thus is a
regulator of serotonergic neural activity.10 Of these 9 studies that investigated SLC6A4, 8
found significant associations between PTSD symptoms and polymorphisms within the
locus.7

The long/short (l/s) polymorphism, 5-HTTLPR, is the most commonly described
polymorphism in the psychiatric genetics literature. It is known to affect expression of the
serotonin transporter protein, with the short (s) version thought to lead to decreased 5-
HTTLPR expression and a higher risk for psychopathology.11,12 Additionally, studies have
shown that the single-nucleotide polymorphism rs25531 may further modulate 5-HTTLPR
expression, with lG alleles being equivalent to s alleles in expression.13,14 Together these 2
polymorphisms form a multimarker genotype (lA/lG/sA/sG) commonly used in research
involving this locus.15 In this study, we performed analyses using this genotype, as well as
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the 5-HTTLPR and rs25531 polymorphisms alone. Another polymorphism, a variable
number of tandem repeats in the second intron of SLC6A4 known as STin2, is less
frequently described in the literature but has been shown to modulate expression in vitro
along with 5-HTTLPR.16

In the present study, SLC6A4 genotype and its G × E interactions were examined to
determine their effect on the severity of self-reported PTSD symptoms following a traumatic
event in which we had collected prospective psychological data. Our cohort of 204 college-
aged women is an ideal population in which to study the G × E interaction with PTSD
because all individuals experienced a similar traumatic event: being exposed to a school
shooting on the campus of Northern Illinois University.17 Importantly, the mass shooting
can be considered a “fateful” event (in which the trauma exposure is outside of the victims’
control), which mitigates concerns about confounds with gene-trauma correlation.9 Self-
report measures from the students allowed us to categorize their level of exposure to the
incident, ranging from simply being on campus to witnessing the gunman firsthand. The
examination of a population for whom we had information on prior trauma and PTSD
symptoms before the trauma occurred allowed for a unique prospective G × E study. Other
prospective studies, examining the interaction of acute trauma and SLC6A4 genotype on
development of PTSD, have depended on retrospective data for assessment of preexisting
trauma exposure.18,19 Risk factors such as child abuse, familial psychopathology, and
preexisting psychopathology have significant impact on the development of PTSD.20 A
challenge to all psychiatric genetic research involving PTSD is the ability to accurately
capture the level of pretrauma risk, such that the genetic contribution to the development of
PTSD can be more clearly assessed. By removing previous PTSD symptoms associated with
pretrauma, we create a more controlled study design that allows us to focus, primarily, on
the impact of the shooting event, level of exposure, and SLC6A4 genotype on the
development of PTSD symptoms.

METHODS
STUDY PARTICIPANTS

Participants were recruited from an ongoing longitudinal study following the mass shooting
at Northern Illinois University on February 14, 2008.17 At the time of the shooting, 1045
undergraduate women had completed time 1 of a longitudinal study examining predictors of
sexual revictimization (participants were not selected based on victimization history and
needed only to be 18 years of age and fluent in English to participate). Of the original 1045,
812 agreed to be reinterviewed and were confirmed as current Northern Illinois University
students at the time of the mass shooting. Seventeen days after the mass shooting, an online
follow-up survey was launched and was completed by 85% of those invited (n = 691). Data
collected from these surveys were designated as “time 2” measures in the current study. The
time between the collection of preshooting, time 1 measures, and time 2 measures ranged
from 2 to 78 weeks, averaging at 31.5 weeks between each time (σ = 22.1). The average
time between the shooting and time 2 was 3.2 weeks (σ = 2.2). Data were collected again
through online surveys 34 weeks, on average, after the mass shooting. This is referred to as
“time 3” in the current study. At time 5 (fall 2009), participants were invited to submit a
saliva sample for genetic analysis. Saliva samples were collected from 276 of the 586
women who completed time 5 (47%) using Oragene saliva collection tubes (DNA Genotek
Inc, Ottawa, Ontario, Canada), and DNA was successfully extracted from 235 individuals.
This sample was all female and between the ages of 18 and 45 years (time 2, mean age, 20.1
years). Race was self-reported as 77.5% white (n=158) and 13.7% black or African
American (n=28). Other races accounted for 8.9% (n= 18) (Table 1).
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DNA EXTRACTION
Samples were mailed from Northern Illinois University to Emory University where DNA
was extracted using the Agencourt DNAdvance kit (Beckman Coulter Inc, Brea, California).
A DNA concentration that was less than 10 ng/µL was not used. In some cases, a second
saliva sample was obtained and used for DNA extraction to replace one with a low
concentration.

GENOTYPING OF SLC6A4
Genotypes were successfully obtained for 235 individuals. Individuals were genotyped using
duplex polymerase chain reaction (PCR) with 2 sets of previously published primers from
Wendland and colleagues14,21: 1 set for the 5-HTTLPR locus (5′-
TCCTCCGCTTTGGCGCCTCTTCC-3′ and 5′-TGGGGGTTG-
CAGGGGAGATCCTG-3′) and 1 set for the intron 2 variable number of tandem repeats
(5′-GGGCAATGTCTGGCGCTTC-CCCTACATA-3′ and 5′-
TTCTGGCCTCTCAAGAGGACCTA-CAGC-3′). All primers were obtained from
Integrated DNA Technologies Inc (Coralville, Iowa). 5-HTTLPR PCR resulted in amplicons
of 469 base pairs (bp) for the s allele and 512 bp for the l allele; for the intron 2 variable
number of tandem repeats, PCR resulted in amplicons of 250 bp for STin2.9, 267 bp for
STin.10, and 300 bp for STin2.12. Genotypes for the 5-HTTLPR and intron 2 variable
number of tandem repeats loci were determined by gel electrophoresis. The PCR products
were then digested using MspI (New England Biolabs Inc, Ipswich, Massachusetts),
resulting in fragments of 402 + 67 bp for sG and 402 + 10 bp for lG. Samples were run by
gel electrophoresis again to determine genotype at rs25531 (A/G). Unable to detect the 67-
and 10-bp products, we discerned sG from lG by looking for the absence of the original PCR
product for either l or s. Of all samples genotyped, 27% (n=75) were chosen at random to
run in duplicate (2.6% discordance).

This multimarker genotype is reported to have an effect on 5-HTTLPR messenger RNA
with the order of expression as follows: s/s, lG/lG, s/lG, lA/lG, s/lA, lA/lA.22 For our analysis,
we divided these genotypes into 2 groups based on their expression profile and compared s/
s, lG/lG, and s/lG against lA/lG, s/lA, and lA/lA. Since the s and lG alleles are reported to have
similarly low expression, this model compares low-expression homozygotes with high-
expression heterozygotes and homozygotes.

PHENOTYPE MEASURES
Demographic Information—This study uses demographic data previously described by
Stephenson and colleagues.17 All individuals were interviewed on at least 3 occasions, prior
to the shooting (time 1), 2 to 13 weeks postshooting (mean=3.2 weeks, time 2), and 8 to 12
months following time 2 (mean=8.4 months, time 3). To measure prior trauma, we used the
Traumatic Life Events Questionnaire23 and the Distressing Event Questionnaire (DEQ)24

administered at time 1. To measure postshooting symptoms, we categorized exposure to the
mass shooting and examined the DEQ scores at times 2 and 3.

Traumatic Life Events Questionnaire—Previous findings suggest that prior life
trauma can strongly impact the development of psychological outcomes such as depression,
anxiety, or PTSD.25 At time 1, participants reported on history of traumatic life experiences.
These measures included an assessment of child abuse including physical, psychological,
and sexual abuse. The number of non–child-abuse-related traumas was also recorded. To
measure all previous trauma exposure, we used the Traumatic Life Events Questionnaire.23

Because childhood sexual abuse and physical abuse are separate line items in the
questionnaire, we were able to separate them from other types of trauma to examine them
separately.
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Social Support Questionnaire—Social support data were collected using the
Multidimensional Scale of Perceived Social Support to assess levels of support from family,
friends, and significant other (12 questions; each question scoring 1–7 based on a 7-point
rating scale ranging from very strongly disagree [1] to very strongly agree [7]).26 Assessed
for internal reliability among multiple subgroups, Zimet et al27 report Cronbach coefficient a
scores from .81 to .90 for the family subscale, from .90 to .94 for the friends subscale, and
from .83 to .98 for the significant other subscale. In the current study, this questionnaire was
given to study participants at time 2. While these questions allowed us to assess general
support, they did not question the extent and satisfaction of support available specifically
after the mass shooting. Two additional survey questions were included to address this.
Scores for the latter 2 questions and the Multidimensional Scale of Perceived Social Support
were positively and significantly correlated (r=0.432). These data did not account for
support such as professional counseling.

Exposure to Mass Shooting—Participants completed a 12-item measure of exposure,
modified from the Littleton et al28 Virginia Tech shooting exposure measure. An exposure
variable was created by summing across yes/no items assessing participants’ personally
experienced exposure to aspects of the shooting (eg, on campus, heard gunfire, saw
individuals who had been wounded or killed, knew anyone wounded, in building placed on
lockdown). None of the subjects in this study reported being fired on by the gunman.

PTSD Symptom Measure—The DEQ was used to assess PTSD at both times. Using a 5-
point response scale, the DEQ assesses symptoms of PTSD experienced in the past 30 days
as specified in the DSM-IV-TR.29 For time 2, participants were instructed to answer the
DEQ with respect to the shooting event. The DEQ has demonstrated very good
psychometric properties24 and contains indices for specific symptoms: hyperarousal,
reexperiencing, and avoidance. The internal consistencies (Cronbach α) of these scales at
time 2 in the previously reported larger sample17 from which these subjects were drawn
were .92 for the total symptom subscale, .83 for the hyperarousal symptom subscale, .88 for
the reexperiencing symptom subscale, and .82 for the avoidance symptom subscale.

An increase of greater than 18 points in DEQ score from time 1 to time 2 was considered
significant given that a score of 18 or higher on the DEQ classifies as PTSD among
women.24 Based on the DSM-IV diagnosis criteria for PTSD, an individual must have
symptoms for 30 days or more.29 However, a majority of our sample population had their
first postshooting interview prior to this 1-month cutoff (78%). This limited the power we
had to detect factors that could significantly correlate with clinical PTSD. Hence, results
presented for those individuals who were interviewed 2 to 4 weeks postshooting at time 2
will refer to acute stress disorder, while results for those individuals who were interviewed 1
month or later postshooting will refer to PTSD.

STATISTICAL ANALYSIS
SPSS version 17.0 (IBM SPSS, Chicago, Illinois) was used to perform all statistical
analyses. Individuals who were interviewed 2 to 4 weeks postshooting and those who were
interviewed greater than 1 month postshooting were analyzed separately. Our dependent
variable for all analyses, PTSD symptoms, was measured as the difference in DEQ score
between time 2 and time 1 (Δ DEQ). Using univariate analysis of variance, we tested for
genetic main effects at all 3 SLC6A4 loci (STin2, 5-HT-TLPR, and rs25531) individually
for the heterozygotes and homozygotes and as multimarker genotypes. In our final model,
we controlled for shooting exposure by taking into account the number of high-exposure
events experienced. A high-exposure event is defined as any 1 of the 5 events significantly
related to the change in PTSD symptom score from baseline to postshooting (statistical
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significance shown in Figure 1A) in addition to the following: (1) saw police or other
personnel surrounding the buildings, (2) saw individuals who had been wounded or killed,
(3) know someone who was killed in the shooting, and (4) know anyone who was wounded
in the shooting. We created a dichotomous variable to represent the degree of high exposure
by calculating the sum of positive responses to all of the high-exposure events. Those who
experienced 0 to 2 high-exposure events were classified as having a low degree of exposure
and those who experienced 3 to 7 high-exposure events were classified as having a high
degree of exposure. Additionally, because of allele frequency differences between races, the
analyses were performed for all participants as well as for white participants (the most
common self-identified race) separately. We then ran this analysis using the difference in
DEQ score between time 2 and time 1 for the subcategories of PTSD (hyperarousal,
reexperiencing, and avoidance) as our dependant variable. The data were considered
statistically significant if the P value passed Bonferroni correction for multiple testing (6
genotype comparisons) at P<.008.

To confirm that the analytical P values were not dependent on distributional assumptions,
we computed empirical P values via permutation tests. In each of 10 000 permutations of the
data set, we reperformed the data analysis after randomly reassigning values of the
dependent variable. The empirical P value was then computed as the proportion of
permutations for which we observed a genetic association of greater or equal strength to that
originally observed.

RESULTS
DEMOGRAPHICS

The primary study sample (n = 691) that was initially interviewed at time 2 was described in
detail by Stephenson and colleagues.17 Of the total study sample, 41% (n = 280) had a total
score of 18 or more on the DEQ at time 2, indicating that a large portion of the sample had
clinical symptoms of PTSD.24 Complete DNA extractions were obtained for 276
participants. We were able to obtain useable DNA for 269 of these participants (based on a
qualifying DNA concentration > 10 ng/µL). Only participants with confident genotype calls
for all 3 loci were included. We further limited the study set to 235 participants who had
complete phenotype measures. Participants who presented with PTSD symptoms at time 1,
as defined by a DEQ score greater than or equal to 18, were also excluded (n=31), to only
include subjects who did not have clinically significant PTSD prior to the shooting. This left
us with a final cohort of 204 individuals who were used for current analyses (Table 1). All
participants were female with 77.5% (n=158) self-identifying race as white and 13.7% (n =
28) self-identifying as black. The mean age for this cohort was 20.1 years. About half of the
students were freshman at time 2 (49.5%), while the other half were predominantly
sophomores and juniors (35.8% and 9.8%, respectively). Comparisons of the included
participants (n=204), as compared with the other participants (n=487) on key variables,
indicated that included participants reported slightly higher PTSD symptoms at time 2 and
were more likely to be white but did not differ in age or the shooting exposure variable.
Notably, for our study sample, 20% of those who presented with acute stress disorder at 2 to
4 weeks went on to develop PTSD at time 3.

INCIDENCE OF PRESHOOTING TRAUMA
Of the 204 individuals included in the study, 74.5% (n=152) reported no child abuse before
the age of 18 years. A little more than 1% of the individuals reported experiencing 2 or more
abuse types that involved fear, helplessness, or horror, while 10% experienced sexual abuse
involving fear, helplessness, or horror before the age of 15 years, including abuse by a peer.
Less than 5% had experienced physical abuse more than once a year. Comparing the number
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of individuals who had ever experienced child abuse in the form of sexual abuse (before the
age of 18 years), physical abuse (14 years or younger), or psychological abuse (14 years or
younger), there was no statistically significant difference between the group that developed
PTSD symptoms following the shooting and the group that did not (Table 1) (P>.10). The
number of preshooting traumatic events as measured by the Traumatic Life Events
Questionnaire was not significantly associated with more severe PTSD symptoms
postshooting, with the low-symptom group experiencing an average of 2.2 traumatic events
(σ = 2.0) and the high-symptom group experiencing an average of 2.6 traumatic events (σ =
2.0).

SOCIAL SUPPORT
Social support measures (Multidimensional Scale of Perceived Social Support and
additional items examining the specific availability and perception of support related to the
shooting) were performed to examine if support predicted PTSD symptoms postshooting.
Analysis of our data revealed that the majority of individuals who did not present with acute
stress disorder (55.7%) or PTSD (56.2%) following the shooting claimed to be extremely
satisfied with the extent of support available to them. The majority of those who did have
acute stress disorder (54.4%) or PTSD (52.6%) felt the same. Across different analyses of
social support relative to PTSD, we found no significant relationship.

THE EFFECT OF SHOOTING EXPOSURE ON PTSD SYMPTOMS
Of the 12 questions the students were asked regarding the shooting, we found that positive
responses to the following 5 were significantly associated with outcome for PTSD symptom
severity at 2 to 4 weeks after the shooting: Were you in Cole Hall (where the mass shooting
took place) during the shooting? (P<.05), Did you hear the sound of gunfire? (P<.005), Did
you see the gunman fire on someone? (P <.05), Did you see the gunman during the
shooting? (P<.001), and Were you hurt in the shooting? (P<.005) (Figure 1A). We found
that the degree of exposure, calculated as the sum of high-exposure events experienced, had
a positive additive effect on change in DEQ score from time 1 to time 2 (Figure 1B) (P<.
005). This same relationship extended to time 3 (P<.005) (data not shown).

MAIN EFFECTS OF SLC6A4 GENOTYPES ON SHOOTING-RELATED PTSD SYMPTOMS
Genotypes for all 3 loci examined were in Hardy-Weinberg equilibrium (for white
participants, P>.05) (Table 2). 5-HTTLPR allele frequencies matched previously reported
findings for European or European Americans.30–32 The STin2 frequencies closely matched
those reported in Europeans.14,18,26 The 5-HTTLPR multimarker genotype frequencies
matched well with the frequencies reported by Wendland and colleagues14 for a similar
sample size of white Americans (our frequencies: sA=42.4%; sG=0.60%; lA=49.7%;
lG=7.3%; Wendland et al: sA=43.2%; sG = 0.25%; lA=50.0%; lG = 6.5%).

We next examined the effect of serotonin transporter genotypes on the main effect of
postshooting PTSD symptoms in this group that did not exhibit PTSD symptoms prior to the
shooting. Genotypes were examined for all races together and for self-reported white
participants only to control for possible population stratification. We did not observe main
effects for STin2 or 5-HTTLPR alone on PTSD symptom score (Δ DEQ) (Table 3).
However, both rs25531 and the 5-HTTLPR multimarker genotypes were significantly
associated for all races combined (P = .01 and .03, respectively) (Table 3). rs25531 was
significant for the postshooting PTSD symptoms when examined in both an additive allelic
(P = .01) and in a dominant/recessive fashion (P=.003). When self-identifying white
participants were examined alone, the association remained significant with a P value that
survived Bonferroni correction for multiple testing for both rs25531 and the 5-HTTLPR
multimarker genotype (P = .003 and P=.006, respectively).
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G X E INTERACTION BETWEEN SLC6A4 GENOTYPE AND SHOOTING EXPOSURE
As described earlier, we observed a main effect for shooting exposure on DEQ score (Figure
1B). We next examined the relationship between the 5-HTTLPR multimarker genotype and
PTSD symptom score while accounting for exposure to the shooting to ensure that our effect
was not driven primarily by differences in exposure across genotypes. In this analysis, the
relationship remained strong (P = .007) (Table 4), despite covariation for degree of shooting
exposure. Subjects carrying the low-expressing s/s, lG/lG, and s/lG genotypes had
significantly higher PTSD symptom scores postshooting (mean DEQ score = 23.91)
compared with those with the higher-expressing lA/lG,s/lA, and lA/lA genotypes postshooting
(mean DEQ score = 18.42) (Figure 2). Permutation tests confirmed that this result was not
dependent on distributional assumptions (permutation P=.005). There was no correlation
between genotype and shooting exposure (r=0.04; P=.68).

As mentioned earlier, we were also able to obtain measurements for the hyperarousal,
reexperiencing, and avoidance subscales of PTSD symptoms. These differential symptom
clusters of PTSD were analyzed individually to determine which types of symptoms were
predominant in our genetic risk group. Reexperiencing symptoms were not significantly
different. Although hyperarousal symptoms were statistically significant (P<.05), the
greatest effect was seen for avoidance symptoms (P = .003) (Table 5).

COMMENT
One of the critical questions surrounding PTSD is why some individuals are at risk for
developing the disorder following an index trauma while others appear to be relatively
resilient. It is known that genetic heritability is one component of the differential risk for
PTSD, but the mechanisms remain relatively unknown. It has been difficult to demonstrate
how genetic factors interact with trauma to cause PTSD symptoms for several reasons. It is
difficult to normalize the level of trauma exposure across a sample set, self-reported
symptoms and personal histories can be unreliable, and baseline levels of PTSD symptoms
prior to the index trauma are often impossible to establish. We believe that the unique nature
of this cohort, while perhaps not entirely eliminating these problems, may substantially
decrease the influence of these confounding factors.

In this study, we have looked at college students who had been interviewed prior to, and
shortly after, a mass shooting on the Northern Illinois University campus. We used these
prospective psychological data to explicitly examine the association between
polymorphisms within the serotonin transporter gene promoter region and PTSD/ acute
stress disorder symptoms that developed in the aftermath of exposure to the shooting. We
found that (1) proximity to the shooting was highly associated with PTSD symptom severity
(DEQ score difference) between times 1 and 2 for individuals who were interviewed 2 to 4
weeks postshooting and for individuals who were interviewed more than 1 month
postshooting; (2) the STin2 and 5-HTTLPR genotypes had no main effect on DEQ score
difference between times 1 and 2; (3) the rs25531 and 5-HTTLPR–rs25531 combined
multimarker genotypes were strongly associated with differential risk for PTSD
postshooting; and (4) this association between the 5-HTTLPR multimarker genotype and
DEQ score difference survived adjustment for multiple testing (Bonferroni) and survived
adjustment for shooting proximity variables.

Genetics have been clearly shown to play an important role in the differential risk for
development of PTSD. The SLC6A4 polymorphisms are of particular interest in relation to
PTSD and a host of other psychiatric illnesses. The majority of findings implicate the 5-
HTTLPR s allele as a risk allele for developing PTSD. This seems biologically plausible
given the following evidence: (1) the presence of 1 and 2 s alleles reduces the expression of
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5HTT by 27% and 30%, respectively,33 and (2) the s allele associates with greater amygdala
activity in response to emotional stimuli.34 Conflicting evidence still exists, however.19,35

rs25531 (A/G) has also been examined for its role in mental health.36,37 It has been
hypothesized that the G allele creates an AP2 binding site, which, in turn, can decrease
transcription.20 Additionally, rs25531 has been shown to have an effect on amygdala
activity in response to angry, happy, or sad emotions.38 Compared with the other 2 loci,
there is less literature concerning STin2, but this polymorphism has been associated with
harm avoidance,39 suicidality,40 psychosis,41 and migraine headaches.42 Thus, despite
evidence that this polymorphism is likely functional,12 to our knowledge, there is no
evidence associating this variant with risk for PTSD.

Sample size is an important limitation in this study. Although we were unable to obtain
saliva samples for the majority of those in the primary study population, we continue to
make efforts to genotype more members of this study sample. Most prospective, shared
trauma disasters will likely share similar sample size limitations. Additionally, the majority
of our subjects (78%) were interviewed within 2 to 4 weeks after the shooting. This limited
our ability to make conclusions regarding PTSD rather than acute stress disorder. Later time
measures (time 3) were collected but too few in the study sample (n = 21) had a likely
diagnosis of PTSD, diminishing the power to obtain meaningful results regarding genetic
association. Another limitation is the DEQ measure of PTSD symptoms. Although this is a
validated measure of symptoms, it is not a clinical measure of PTSD diagnosis, which was
not practical given the unique circumstances of this study design and subject population.

Despite its limitations, this study population was uniquely predisposed toward the analysis
of PTSD G × E interactions. The strength of the current study is the availability of the same
validated survey measure to assess PTSD symptoms prior to and after a shared acute
traumatic event. By accounting for this measure in our calculation of PTSD symptoms after
the shooting, we are essentially controlling for other factors that might be contributing to
PTSD other than SLC6A4 genotype and exposure to the shooting. Definitive clarification of
the role of genetic heritability in the prediction of risk for psychopathology will not be
possible without such prospective and retrospective approaches.

In summary, the examination of a population for which we had information on lifetime
trauma and pretrauma PTSD symptoms allowed for a unique prospective G × E study. These
data suggest that differential function of the serotonin transporter may mediate differential
response to a severe trauma. When examined in a relatively homogenous sample with shared
trauma and known prior levels of child and adult trauma, the 5-HTTLPR multimarker
genotype may serve as a useful predictor of risk for PTSD-related symptoms in the weeks
and months following the trauma.
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Figure 1.
Effects of mass shooting on posttraumatic stress disorder (PTSD) symptoms in a
prospectively assessed sample. A, Comparison of PTSD symptom severity 2 to 4 weeks
after shooting by type of exposure to shooting. Each number on the x-axis represents a
specific yes or no question about each individual’s exposure to the shooting: 1 =knew
someone killed in shooting, 2 = knew someone wounded in shooting, 3=were in a building
placed on lockdown, 4=on campus during shooting, 5=saw individuals wounded or killed,
6=saw police or other personnel surrounding the building, 7=in Cole Hall during shooting,
8=heard sound of gunfire, 9=saw gunman fire on someone, 10=saw gunman during
shooting, 11=were hurt in shooting. Part A includes all individuals who had the second
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interview 2 to 4 weeks postshooting. B, Severity of PTSD symptoms 2 to 4 weeks after
shooting by degree of exposure. This graph shows the mean PTSD symptom score
(Distressing Event Questionnaire [DEQ]) at time 1 and time 2 (± standard error) A sum
ranging from 0 to 2 for positive responses to high-exposure events is classified as a low
degree of exposure. A sum ranging from 3 to 7 for positive responses to high-exposure
events is classified as a high degree of exposure. *P< .05. †P< .005. ‡P< .001 §Sample sizes
less than 5 are noted.
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Figure 2.
The 5-HTTLPR multimarker genotype predicts posttraumatic stress disorder (PTSD)
symptom severity 2 to 4 weeks posttrauma. The graph shows the mean differences (±
standard error) in PTSD symptom severity before and after the shooting relative to
genotype. The graph includes white participants only who had their second interview within
2 to 4 weeks after the shooting. The postshooting PTSD symptoms × genotype association
(P=.007) accounts for degree of exposure to the shooting. Actual mean values for the
Distressing Event Questionnaire (DEQ) scores at each time are given in the Table below the
graph.
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Table 1

Demographic of All-Female Study Populationa

No. (%)

All
Participants

Participants With
Nominal Increase
in PTSD Symptom

Score, <18

Participants With
Significant Increase
in PTSD Symptom

Score, ≥18
Test

Statistics

Sample size 204 138 66

Age,y, mean (SD)b 20.1 (2.6) 20.0 (2.0) 20.3 (3.7) P = .38

Race

  White 158 (77.5) 105 (76.1) 53 (80.3) χ2 = 4.76;

  Black 28 (13.7) 21 (15.2) 7 (10.6) P = .58

  Hispanic 4 (2.0) 2 (1.4) 2 (3.0)

  Asian 6 (2.9) 5 (3.6) 1 (1.5)

  Assyrian 1 (0.5) 0 1 (1.5)

  More than 1 race 5 (2.5) 4 (2.9) 1 (1.5)

  Unknown or not reported 2 (1.0) 1 (0.7) 1 (1.5)

Year in collegeb

  Freshman 101 (49.5) 72 (52.2) 28 (43.1) χ2 = 4.25;

  Sophomore 73 (35.8) 48 (34.8) 25 (38.5) P = .64

  Junior 20 (9.8) 11 (8.0) 9 (13.8)

  Senior 7 (3.4) 4 (2.9) 3 (4.6)

  Left before degree 1 (0.5) 1 (0.7) 0

  Graduated 1 (0.5) 1 (0.7) 0

  In graduate school 1 (0.5) 1 (0.7) 0

No. of preshooting traumatic events, mean (SD)c 2.3 (2.04) 2.2 (2) 2.6 (2.2) P= .18

Child abuse experiencedd

  Child psychological abuse 109 (53.40) 70 (50.7) 39 (59.1) χ2 = 1.26; P= .26

  Child physical abuse 21 (10.30) 15 (10.9) 6 (9.1) χ2 = 0.15; P= .70

  Child sexual abuse 43 (21.10) 26 (18.8) 17 (25.8) χ2 = 1.28; P= .26

Abbreviation: PTSD, posttraumatic stress disorder.

a
Demographic information for study population (n = 204). Study population was an all-female, predominantly white, college-aged cohort with

similar trauma history.

b
Measure was taken at the postshooting interview.

c
Excludes traumatic events from child abuse before the age of 15 years.

d
The number represents the number of subjects ever abused; the percentage is the number of abused vs the total.
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Table 2

Genotypes for SLC6A4a

No. (%)

All Races
White

Participants Only

Sample size 204 158

STin2 genotype

  12/12 75.0 (36.8) 51.0 (32.3)

  12/10 98.0 (48.0) 78.0 (49.4)

  12/9 5.0 (2.5) 5.0 (3.2)

  10/10 26.0 (12.7) 24.0 (15.2)

  Test statistics HWE: χ2 = 1.07; P= .30

5-HTTLPR genotype

  l / l 65.0 (31.9) 48.0 (30.4)

  l /s 106.0 (52.0) 84.0 (53.2)

  s/s 33.0 (16.2) 26.0 (16.5)

  Test statistics HWE: χ2 = 1.12; P= .29

rs25531 Genotype

  AA 168.0 (82.4) 132.0 (83.5)

  AG 31.0 (15.2) 23.0 (12.8)

  GG 3.0 (1.5) 1.0 (0.6)

  Test statistics HWE: χ2 = 3.03 × 10−6; P < .99

5-HTTLPR multimarker genotype

    s/s 33.0 (16.2) 26.0 (16.5)

    lG/lG 2.0 (1.0) 0.0

    s/lG 17.0 (8.3) 13.0 (8.2)

    lA/lG 14.0 (6.9) 10.0 (6.3)

    s/lA 89.0 (43.6) 71.0 (44.9)

    lA/lA 49.0 (24.0) 38.0 (24.1)

Abbreviation: HWE, Hardy-Weinberg equilibrium.

a
Genotype frequencies for study population at 3 SLC6A4loci. 5-HTTLPR multimarker genotype refers to the genotype composed of 5-HTTLPR

and rs25531. The χ2 test of HWE and associated P values are shown for each individual locus for white participants only
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Table 3

Association Between Genotype and PTSD Symptom Scorea

Postshooting P Value

2–4 wk >1 mo

All Races
White

Participants Only All Races
White

Participants Only

Sample size 161 123 43 35

Stin2 genotype

  12/12 vs 12/10 and 12/9 vs 10/10 .81 .90 .80 .55

5-HTTLPR genotype

  l/l vs l/s vs s/s .31 .24 .99 .83

  l/l and l/s vs s/s .13 .09 .97 .81

rs25531 Genotype

  A/A vs A/G vs G/G .01b .004c .65 .499

  A/Avs A/G and G/G .003c .003c .84 .499

5-HTTLPR multimarker genotype

  s/s, lG/lG, and s/lG vs lA/lG, s/lA, and lA/lA .03b .006d .61 .40

Abbreviation: PTSD, posttraumatic stress disorder.

a
Main effect of genotypes on difference in Distressing Event Questionnaire score between times 1 and 2. The sample population was divided into 2

groups those who were interviewed 2 to 4 weeks postshooting and those who were interviewed more than 1 month postshooting. Because of
potential population stratification, all races and white participants are analyzed separately.

b
P< .05.

c
P<.005

d
P < .01
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Table 4

Association Between Genotype and PTSD Symptom Score Controlling for Shooting Exposurea

Postshooting P Value
White Participants Only

2–4 wk >1 mo

Sample size 123 35

STin2 genotype

  12/12 vs 12/10 and 12/9 vs 10/10 .93 .36

5-HTTLPR genotype

  l/l vs l/s vs s/s .25 .95

  l/land l/s vs s/s .10 .97

rs25531 Genotype

  A/A vs A/G vs G/G .004b .32

  A/A vs A/G and G/G .004b .32

5-HTTLPR multimarker genotype

  s/s, lG/lG, and s/lG vs lA/lG, s/lA, and lA/lA .007c .55

Abbreviation: PTSD, posttraumatic stress disorder.

a
Results for univariate analysis of variance comparing the effect of all genotypes (for white participants only) on PTSD symptom score after

controlling for the degree of shooting exposure. The sample population was divided into 2 groups: those who were interviewed 2 to 4 weeks
postshooting and those who were interviewed more than 1 month postshooting

b
P< .005

c
P< .01
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Table 5

Association Between Genotype and PTSD Symptom Subscale Score Controlling for Shooting Exposurea

Postshooting P Value
White Participants Only

2–4 wk >1 mo

Sample size 123 35

5-HTTLPR multimarker genotype

  Hyperarousal .03b .27

  Reexperiencing .10 .16

  Avoidance .003c .21

Abbreviation: PTSD, posttraumatic stress disorder.

a
Results for univariate analysis of variance comparing the effect of the 5-HTTLPR multimarker genotype (for white participants only) on PTSD

subscale symptom score after controlling for the degree of shooting exposure. The sample population was divided into 2 groups: those who were
nterviewed 2 to 4 weeks postshooting and those who were interviewed more than 1 month postshooting.

b
P< .05.

c
P< .005
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