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Abstract
Genetic variations in the catechol-o-methyltransferase (COMT) gene have been associated with
experimental pain and risk of chronic pain development, but no studies have examined genetic
predictors of neck pain intensity and other patient characteristics after motor vehicle collision
(MVC). We evaluated the association between COMT genotype and acute neck pain intensity and
other patient characteristics in 89 Caucasian individuals presenting to the emergency department
(ED) after MVC. In the ED in the hours after MVC, individuals with a COMT pain vulnerable
genotype were more likely to report moderate to severe musculoskeletal neck pain (76% vs. 41%,
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RR = 2.11 (1.33 - 3.37)), moderate or severe headache (61% vs. 33%, RR = 3.15 (1.05 – 9.42),
and moderate or severe dizziness (26% vs. 12%, RR = 1.97 (1.19 – 3.21)). Individuals with a pain
vulnerable genotype also experienced more dissociative symptoms in the ED, and estimated a
longer time to physical recovery (median 14 vs. 7 days, p = .002) and emotional recovery (median
8.5 vs. 7 days, p = .038). These findings suggest that genetic variations affecting stress response
system function influence the somatic and psychological response to MVC, and provide the first
evidence of genetic risk for clinical symptoms after MVC.

Introduction
Musculoskeletal neck pain development after motor vehicle collision (MVC) is an
international public health problem.5 Consistent with the term “Whiplash Associated
Disorders”, biologic mechanisms influencing acute post-MVC neck pain have largely been
conceptualized as cervical sprain/strain during the MVC event. Such soft tissue damage is
difficult to directly assess, and therefore crash characteristics (e.g. direction of collision,
severity of vehicle damage, presence/location of headrest) have been used as indirect
measures of mechanical force experienced by neck tissues during the collision.2,5,6
However, such crash characteristics are poor predictors of pain outcomes.5 As a result,
biologic mechanisms generating post-MVC pain remain unsubstantiated, to the great
frustration of both patients and caregivers.

In addition to exposing soft tissues to biomechanical stress, a MVC is also a potent stressor.
19 Acute stressors activate the sympathetic nervous system and adrenomedullary hormonal
system, resulting in the release of epinephrine and norepinephrine.10 Increasing evidence
suggests that sympathetic activation may contribute to pain development via mechanisms
both independent from and interactive with pain mechanisms related to tissue injury and
inflammation.12,13,17 Such adrenergic mechanisms may influence the development of neck
pain symptoms after MVC. If so, then genetic variations affecting the function of important
adrenergic system components may contribute to individual variation in vulnerability to
musculoskeletal pain symptoms after MVC.

One key component of the adrenergic system is the catechol O-methyltransferase (COMT)
enzyme. COMT is the primary enzyme which degrades catecholamines, including
epinephrine, norepinephrine, and dopamine. Variants of the COMT gene have been
associated with experimental pain sensitivity7,27 and with vulnerability to both chronic
pain7,23 and anxiety disorders11,25. These observations provide a strong rationale for
examining the association between genetic variants of COMT and clinical pain intensity and
related symptoms following MVC.

In this study we assessed the association between COMT variation and the intensity of acute
neck pain experienced in the emergency department (ED) during the hours after MVC. We
selected this patient characteristic as our primary outcome measure because initial neck pain
severity after MVC is one of the strongest predictors of chronic neck pain development.5 We
hypothesized that individuals with a COMT pain vulnerable genotype, who have relatively
high catecholamine levels, would experience more intense post-MVC neck pain. We also
assessed the association between COMT pain vulnerable genotype and ED distress and
dissociation symptoms, other somatic symptoms (i.e. headache and dizziness), and patient
cognitions about their recovery.
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Methods
Participants and Inclusion Criteria

Eighty nine individuals ≥ 18 years of age presenting to three emergency departments (EDs)
for care after MVC were recruited for the study. Only non-pregnant, non-admitted, English-
speaking patients who were alert and oriented, stable, and without spinal, facial, or skull
fracture, intraoral laceration, or intracranial injury were enrolled. Patients taking β-
adrenergic antagonist medications were also excluded. Patients of Caucasian ancestry
constitute the majority of local ED patients, thus to avoid genetic population stratification
bias only Caucasian patients were included in this analysis. Institutional Review Board
approval was obtained from study site IRBs (William Beaumont Hospital IRB, Royal Oak,
MI, St Joseph Mercy Hospital IRB, Ann Arbor, MI, and Spectrum Health/Butterworth
Hospital IRB, Grand Rapids, MI). All patients gave written informed consent.

COMT Pain Vulnerable Genotype Definition
When multiple disease susceptibility variants occur in the same gene, the overall functional
state of the gene may not be easily deduced from information regarding a single SNP.16 For
this reason we used a haplotype-based approach to examining COMT functional variants. In
Caucasians, three major haplotypes located in the central COMT locus account for
approximately 96% of all haplotypes and can be determined by the combination of single
nucleotide polymorphisms present at rs6269, rs4633, rs4818, and rs4680.7 Based on their
association with sensitivity to experimental pain stimuli, these three haplotypes have been
termed the average pain sensitivity haplotype (A_T_C_A), the high pain sensitivity
haplotype (A_C_C_G), and the low pain sensitivity (LPS) haplotype (G_C_G_G).7 The LPS
haplotype produces much higher levels of COMT enzymatic activity than either the APS or
HPS haplotypes and is associated with the lowest pain sensitivity.7 Based on these data,
genotypes that did not include at least one copy of the LPS haplotype were defined a priori
as COMT pain vulnerable genotypes.

Blood Collection and Genotyping
Blood was collected in the ED for subsequent DNA analysis using Paxgene DNA Collection
tubes (PreAnalytiX, Hilden, Germany). DNA extraction and genotyping (at rs4633, rs4680,
rs4818, and rs6269) were performed by Clinical Data, Inc. (Morrisville, NC) using the
Sequenom platform. Genotype at these four SNPs was used to identify individuals with and
without a pain vulnerable genotype.

Participant Assessments
In addition to blood sample collection, participant and crash characteristics assessed in the
ED included the following:

ED Neck Pain Intensity—ED neck pain intensity among patients with and without a
COMT pain vulnerable genotype was selected a priori as the primary study outcome. ED
neck pain intensity was assessed using a verbal 0-10 numeric rating scale (NRS). Verbal
scores have advantages in acute care settings, and verbally administered NRSs have been
validated as a substitute for VASs in acute pain measurement in the ED.3 A previous study9
identified a score of 4 or 5 as the optimal lower limit for moderate or severe neck pain
(based on interference) using a 0-10 NRS. A score of 4 was chosen as the lower limit for
moderate pain as this is also consistent with clinical practice14.
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Intensity of Other Somatic Symptoms—Intensity of other somatic symptoms (i.e.
headache and dizziness) were assessed using a verbal 0-10 numeric rating scale (NRS). A
NRS score > 3 was used to define moderate or severe symptom intensity.

Distress and Dissociative Symptoms—The Peritraumatic Distress Inventory4 is a 13-
item (0 – 4 Likert scale response for each item, score range 0 – 52) self-report measure
which provides a quantitative measure of the level of distress experienced during and
immediately after a traumatic event. The Michigan Critical Events Perception Scale15

(MCEPS) is a 5-item scale (1 – 5 Likert scale, score range 5-25) which provides a
quantitative assessment of the level of peritraumatic dissociation. A mean MCEPS score > 3
defined significant dissociation.15

Expectations of Recovery—Participants were asked to estimate their likelihood of
recovery on a 0-100% scale. Participants were also asked to provide estimates of the amount
of time it would take them to recover physically and emotionally from the MVC; all answers
were converted to days.

Injury Assessment—Injury information was obtained from the medical record. Injuries
were classified according to whether they included a laceration or small bone fracture.
Individuals without a laceration, fracture, or other identifiable tissue pathology were defined
as having musculoskeletal strain only. Injury information was also used to calculate
Abbreviated Injury Scale (AIS) score1. AIS score is an anatomical scoring system which
codes injuries according to anatomic location and type and assigns a severity score to each
injury based on this information. Severity scores range from 1-6, a score of 1 denotes minor
severity and a score of 2 denotes moderate severity.

Demographic and Crash Assessment—Demographic and crash characteristics (car
drivable from scene, rear end collision, airbag deployment) were assessed via patient
interview. Information regarding the time of the MVC and the time of ED presentation were
abstracted from the medical record.

Statistical Analysis
ED neck pain intensity among patients with and without a COMT pain vulnerable genotype
was selected a priori as the primary study outcome. Prior to analyses, variable distributions
were assessed for normality via histogram and Kolmogorov-Smirnov statistic. ED neck pain
intensity (primary outcome variable), intensity of headache and dizziness symptoms, and
participant cognitive characteristics were not normally distributed. Therefore these
characteristics were assessed as categorical variables (using cut-offs described above) via
relative risk with 95% confidence interval or Fisher's Exact Test. Neck pain intensity levels
among those with and without a COMT pain vulnerable genotype were also assessed using
median values and Mann-Whitney U test, as were cognitive characteristics. Psychological
symptoms (ED distress and dissociative symptoms) were normally distributed, therefore
bivariate analyses of psychological symptoms utilized mean values and student's t test.

Forward stepwise regression models (p in = .1, p out = .15) were also used to identify the
predictor(s) most strongly associated with acute pain and psychological symptoms.
Somewhat liberal p value criteria were chosen due to our relatively modest sample size. For
each model, candidate independent variables included demographic characteristics (age,
gender, income, education), crash and injury characteristics (highest AIS score, whether car
was drivable at scene, and whether airbags deployed), and presence or absence of COMT
pain vulnerable genotype. Logistic regression (likelihood ratio) models were used for
categorical variables, and linear regression models for continuous variables. All regression
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models were evaluated for assumptions and aptness. Statistical analyses were performed
using SPSS software (SPSS Inc., Chicago, IL).

Results
COMT Haplotypes

Of eighty nine genotyped enrollees, 4 (4.5%) individuals had rare COMT haplotypes. The
effect of these rare haplotypes on COMT enzyme activity and experimental pain sensitivity
is not known, therefore these individuals were excluded from analyses. Participant
demographic and injury characteristics are shown in Table 1. Consistent with previously
reported Caucasian haplotype frequencies,7 40% of participants had no LPS allele and were
classified as having a COMT pain vulnerable genotype.

Patients
Most participants had at least some post-secondary school education and worked full time
(Table 1). Median income category among participants was $40,000 - $60,000. More than
90% of participants had musculoskeletal strain only, and most arrived in the ED less than
two hours after the MVC occurred. Twenty six participants (29%) reported airbag
deployment during the collision. Fifty two (58%) came directly from the accident scene; 34
(59%) of these were transported to the ED by ambulance. Slightly more than half of
participants reported moderate or severe acute neck pain in the ED. Patient characteristics
did not differ between study sites.

Association of COMT Pain Vulnerable Genotype with Participant Characteristics
Highest AIS score in those with and without a COMT pain vulnerable genotype were very
similar (1.11 (.32) vs. 1.08 (.28), p = .62). The percentage of individuals with and without a
COMT pain vulnerable genotype who reported that their car was drivable after the MVC
was also very similar (43% vs. 40%, p = .83), as was the percentage of individuals in the
two groups with musculoskeletal injury only (91% vs. 90%, p > .99). Patients with a COMT
pain vulnerable genotype tended to come to the ED more often after experiencing a rear end
collision (57% vs. 36%, p = .08), and to not have had an airbag deploy during the collision
(17% vs. 39%, p = .06).

Association of COMT Pain Vulnerable Genotype with ED Neck Pain Intensity
Table 2 displays the association between selected participant and crash characteristics and
the presence or absence of moderate or severe neck pain symptoms in the ED after MVC.
Relative risk point estimates suggest that younger age, female gender, low income, low
education level, and rear end collision were associated with an increased risk of moderate or
severe ED neck pain, and airbag deployment with reduced risk. However, as the confidence
intervals show, none of these associations reached statistical significance in the present
sample.

A significant association was observed between having a COMT pain vulnerable genotype
and experiencing moderate or severe acute neck pain (Table 2). Patients with a COMT pain
vulnerable genotype also had a significantly higher median neck pain score than patients
without the COMT pain vulnerable genotype (6 vs. 2, U = .001). A forward stepwise logistic
regression model using candidate demographic, crash, injury, and COMT pain vulnerable
genotype characteristics selected income and COMT pain vulnerable genotype for model
entry (Table 3).
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Association of COMT Pain Vulnerable Genotype with other Somatic Symptoms
A significant association was observed between having a COMT pain vulnerable genotype
and moderate or severe headache (61% vs. 33%, RR = 3.15 (1.05 – 9.42)) and moderate or
severe dizziness (26% vs. 12%, RR = 1.97 (1.19 – 3.21)). Final forward stepwise logistic
regression models using candidate demographic, crash, injury, and COMT pain vulnerable
genotype characteristics selected COMT pain vulnerable genotype only for model entry
(Table 3).

Association of COMT Pain Vulnerable Genotype with Psychological Symptoms and
Cognitions

A significant association was observed between COMT pain vulnerable genotype and
increased dissociative symptoms (mean MCEPS score 2.7 (1.0) vs. 2.2 (.9), p = .016). The
final forward stepwise logistic regression models selected COMT pain vulnerable genotype
and rearend collision type for model entry (Table 4). In contrast, the association between
COMT pain vulnerable genotype and increased distress symptoms did not reach significance
(mean distress symptom score 19.8 (10.3) vs. 17.4 (9.1), p = .284). The final predictive
model for dissociative symptoms selected income and airbag deployment (Table 4). In
addition, patients with a COMT pain vulnerable genotype estimated a longer time to
physical recovery (median 14 vs. 7 days, p = .002) and emotional recovery (median 8.5 vs. 7
days, p = .038), and tended to be less certain of full recovery (p = .055).

Discussion
COMT pain vulnerable genotype predicted acute somatic and psychological symptoms after
MVC in our sample. Seventy six percent of individuals with a COMT pain vulnerable
genotype reported moderate or severe neck pain in the ED in the hours after MVC, vs. 41%
of those without a COMT pain vulnerable genotype. Individuals with a COMT pain
vulnerable genotype also experienced more dissociative symptoms, were more likely to
experience other somatic symptoms in the ED, and estimated a longer time to physical and
emotional recovery. The presence or absence of a COMT pain vulnerable genotype was
more predictive of moderate or severe acute neck pain than the crash-related characteristics
assessed, including rear-end collision type, airbag deployment, and whether or not the car
was drivable at the scene.

Patients with a COMT pain vulnerable genotype tended to be more likely to have
experienced a rear end collision and to be less likely to have had an airbag deploy. These
associations are linked, because motor vehicles struck from the rear are less likely to have an
airbag deploy than those struck from the front or side. If rear end collisions are inherently
more likely to result in acute neck pain, then the association between COMT genotype and
pain and distress symptoms may be confounded by the association between COMT genotype
and rear end collision. However, available data indicates that this is not the case. First, the
association between COMT pain vulnerable genotype and moderate or severe ED neck pain
remains when stratified by crash type (e.g. p = .028 for association between ED neck pain
and COMT pain vulnerable genotype among patients involved in a rear end collision only).
Second, as shown in Table 2, the association between rear end collision and moderate or
severe ED neck pain is itself modest. Finally, previous studies have found little association
between impact direction and neck pain symptoms.5

Findings from other settings indicate that individuals with a COMT pain vulnerable
genotype are at increased risk of chronic pain.7,23 Our findings suggest that individuals with
a COMT pain vulnerable genotype experience more intense acute pain and somatic
symptoms after a collision. Because of increased initial symptoms, individuals with a COMT
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pain vulnerable genotype may also be more likely to seek ED care after MVC. If so, such
shunting of vulnerable individuals to emergency care settings may help create opportunities
to identify high risk individuals and provide preventive interventions in the early aftermath
of MVC.

The influence of the COMT pain vulnerable genotype on post-MVC pain symptoms,
dissociation symptoms, beliefs regarding recovery, and perhaps the decision to seek care
itself exemplifies the pleiotropic effects of the stress-related genes which provide the
biological substrate for the biopsychosocial model of post-MVC pain. The identification of
genes associated with vulnerability to post-MVC symptoms may provide new insights into
potential preventive interventions for high risk individuals. Improved understanding of
biological processes contributing to post-MVC symptom development may also reduce the
stigma that is unfortunately still commonly experienced by individuals developing pain and
psychological symptoms after MVC.

Several limitations should be considered when interpreting our study results. First, the
present study only examined the influence of the COMT pain vulnerable genotype on patient
symptoms in the ED. Further studies are necessary which assess both immediate and
persistent pain and psychological outcomes after MVC. Second, our sample size was
relatively small, and this small sample size likely resulted in a lack of significance for some
of our associations. However, we were able to detect a number of the most robust findings
regarding COMT haplotypes. Third, our secondary analyses were not adjusted for multiple
comparisons. However, the need for such adjustment is debated,8,18,20-22 and to help
address this issue we selected a single exposure (COMT pain vulnerable genotype) and a
primary outcome (ED neck pain severity) in advance of the analysis8,18,26. In addition, our
assessments of potential confounders were relatively detailed, and the results of our
secondary analyses (association of COMT genotype with somatic symptoms, anxiety
symptoms, and cognitions) are consistent with the results of previous work.7,11,24-27 Larger
cohort studies are needed to confirm an association between genetic variations in COMT and
both immediate and persistent pain and psychological symptoms after MVC.
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Table 1

Participant Characteristics

Characteristic All Participants n = 89 Rare COMT Haplotypes Excluded n = 85

Age (mean, SD) 41 (15) 41 (15)

Female Gender (n, %) 53 (60) 50 (59)

COMT Genotype (n, %)

    Pain Vulnerable (No LPS allele) 36 (40) 35 (41)

    Not Pain Vulnerable (≥ 1 LPS allele) 53 (59) 50 (59)

Education (n, %)

    High School 16 (18) 15 (18)

    Some College 12 (14) 12 (14)

    College Graduate 26 (29) 26 (31)

    Post-Graduate Degree 9 (10) 9 (11)

    Other 24 (27) 21 (25)

    Missing 2 (2) 2 (2)

Employment (n, %)

    Work Full Time 52 (58) 51 (60)

    Work Part Time 18 (20) 15 (18)

    No Work Outside the Home 11 (12) 11 (13)

    Student 4 (5) 4 (5)

    Disabled 2 (2) 2 (2)

    Missing 2 (2) 2 (2)

Annual Income (n, %)

    Below $20,000 22 (25) 21 (25)

    $20,000 to $40,000 10 (11) 10 (12)

    $40,000 to $60,000 23 (26) 22 (26)

    $60,000 to $80,000 11 (12) 10 (12)

    > $85,000 per year 17 (19) 17 (20)

    Other/Refused 6 (7) 5 (6)

Marital Status (n, %)

    Married or Living with Partner 44 (49) 43 (51)

    Single 34 (38) 33 (39)

    Divorced 9 (10) 8 (9)

    Widowed 2 (2) 1 (1)

Injury Type (n, %)

    Musculoskeletal Strain Only 80 (90) 77 (91)

    Fracture* 4 (5) 4 (5)

    Minor laceration** 5 (6) 4 (5)

Neck pain severity in the ED

    None/Mild 44 (49) 40 (47)

    Moderate/Severe 45 (51) 45 (53)

Highest AIS Score (SD)
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Characteristic All Participants n = 89 Rare COMT Haplotypes Excluded n = 85

        AIS Severity 1 80 (90) 77 (91)

        AIS Severity 2 9 (10) 8 (9)

Collision type

        Rear-end 40 (45) 38 (45)

        Other 49 (55) 47 (55)

Time between MVC and ED presentation (Median) 1:30 1:30

*
Four fractures were of the wrist, ulna, nose, and clavicle.

**
Five minor lacerations were located on face, head, anterior chest wall, and knee.
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Table 2

Frequency of patient characteristics versus presence of moderate or severe neck pain at ED. (n=89)

Moderate to Severe Neck Pain in the Emergency Department in the Hours after MVC

Characteristics Yes (%) No (%) Relative Risk (95% CIa)

Age < 40 57 44 1.28 (.85 – 1.93)

Female Gender 64 53 1.24 (.83 - 1.85)

Income < $20,000 per year 33 17 1.67 (.88 - 3.17)

High school education or less 29 16 1.52 (.81 - 2.85)

Car drivable after MVC 67 67 1.00 (.61 – 1.62)

Rear-ended 50 38 1.28 (.83 - 1.96)

Airbags Deployed 24 34 .79 (.52 - 1.20)

COMT pain vulnerable genotype* 76 41 2.11 (1.33 - 3.37)

*
Defined as COMT genotype which does not contain one or more “low pain sensitivity”7 haplotypes
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Table 3

Final stepwise logistic regression models (p in = .1, p out = .15) assessing predictors of emergency department
somatic symptoms after motor vehicle collision.

Dependent Variable Independent Variable* Exp (β) Wald p

Moderate or Severe Income .728 3.058 .080

Neck Pain (Yes/No) COMT Pain Vulnerable Genotype 3.326 5.359 .021

Constant 1.889 1.046 .306

Moderate or Severe COMT Pain Vulnerable Genotype 2.667 4.146 .042

Headache (yes/no) Constant .577 2.878 .090

Moderate or Severe COMT Pain Vulnerable Genotype 4.222 3.942 .047

Dizziness (yes/no) Constant .079 17.924 <.0001

*
Candidate predictors for each model: demographic characteristics (age, gender, income, education), crash and injury characteristics (highest AIS

score, car drivable at scene (yes/no), airbags deployed (yes/no)), and presence or absence of COMT pain vulnerable genotype.
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Table 4

Final stepwise linear regression models (p in = .1, p out = .15) assessing predictors of emergency department
psychological symptoms after motor vehicle collision.

Dependent Variable Independent Variable* β t p

Dissociative symptoms† COMT Pain Vulnerable Genotype -.264 -2.317 .023

Rearend Collision -.202 -1.774. .080

Constant 14.140 <.0001

Distress symptoms¥ Income -.278 -2.388 .020

Airbag Deployed (Yes/No) .234 2.003 .049

Constant 9.751 <.0001

*
Candidate predictors for each model: demographic characteristics (age, gender, income, education), crash and injury characteristics (highest AIS

score, car drivable at scene (yes/no), airbags deployed (yes/no)), and presence or absence of COMT pain vulnerable genotype.

†
Michigan Critical Events Perception Scale score

¥
Peritraumatic Distress Inventory score
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