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Abstract

Excessive worry is associated with a range of psychological disorders. While previous studies

have examined genes associated with a range of different anxiety phenotypes, none have explored

genes specifically associated with the general tendency to worry. The present study tested

associations between trait worry and functional polymorphisms of three candidate genes: the

serotonin transporter-linked polymorphic region (5-HTTLPR) of the SLC6A4 gene, the Val66Met

region of the brain-derived neurotrophic factor (BDNF) gene, and the Val158Met region of the

catechol-O-methyltransferase (COMT) gene. A heterogeneous sample of adult participants (n =

173) completed the Penn State Worry Questionnaire (PSWQ) and provided DNA samples for

genotyping. Results revealed a significant interaction between 5-HTTLPR and BDNF genotypes

predicting levels of worry. Specifically, there was a significant positive association between 5-

HTTLPR short alleles and PSWQ scores, but only in BDNF met allele carriers. COMT genotype

was not significantly associated levels of worry, nor did COMT interact with 5-HTTLPR or BDNF

genotypes to predict PSWQ scores. These findings provide preliminary evidence about the

putative genetic etiology of worrying. Key limitations of the present study and corresponding

directions for future research on this topic are discussed.
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Worry is a type of repetitive thinking focused on undesirable outcomes that could happen in

the future (Berenbaum, 2010). Worrying can serve adaptive functions (see Tallis & Eysenck,

1994), but it is also considered a form of anxiety (see Barlow, 1991) and can cause

significant distress and impairment. In fact, excessive worry across life domains is the

cardinal feature of Generalized Anxiety Disorder (GAD; APA, 2013). But elevated levels of

worry are also associated with most other anxiety disorders (e.g., Posttraumatic Stress

Disorder, Holeva et al., 2001; Social Phobia; Obsessive-Compulsive Disorder, Abramowitz

& Foa, 1998), as well as a number of other forms of psychopathology (e.g., depression,

Kertz et al., 2011; eating disorders, Sassaroli et al., 2005; psychosis, Morrison & Wells,

2007). As a result, excessive worry has been characterized as a transdiagnostic problem

(e.g., Berenbaum, 2010; Kertz et al., 2012).

A great deal of research has focused on proximal cognitive, emotional, and behavioral

processes that contribute to worrying (for a review, see Berenbaum, 2010), but very little

work has explored distal antecedents (e.g., genes) that may play a role the etiology of these

processes. Nevertheless, there is evidence that worrying is influenced by genetics. For

example, behavioral genetic research suggests that genes explain 32% of the variance in

GAD (e.g., Hettema et al., 2001), and trait anxiety (which is related to, but distinguishable

from, trait worry; see Davey et al., 1992) appears to be even more heritable, at least in

children and adolescents (e.g., 45% according to Legrand et al., 1999). Yet while numerous

studies have used molecular methods to investigate specific genes associated with a variety

of other anxiety phenotypes, no published research has examined genes associated with the

tendency to worry. Given that excessive worry is associated with a range of psychological

disorders, findings linking specific genes with worrying should have broad clinical

implications.

To this end, the goal of the present study was to examine genetic correlates of trait worry.

Based upon a review of relevant literatures, we identified three candidate genes:

1. Serotonin transporter gene – The short allele of the serotonin transporter-linked

polymorphic region (5-HTTLPR) of the SLC6A4 gene is associated with elevated

levels of trait anxiety (see Schinka et al., 2004) as well as risk factors for anxiety

disorders (e.g., attentional biases; Beevers et al., 2007). Further, this allele is

associated with Major Depressive Episodes (e.g., Caspi et al., 2003), and research

suggests Major Depressive Disorder and GAD may involve entirely shared genetic

risk (see Gorwood, 2004).

2. Brain derived neurotrophic factor (BDNF) gene – The met allele of the Val66Met

polymorphism of the BDNF gene is associated with elevated levels of harm

avoidance (e.g., Montag et al., 2010). Further, this allele is associated with

rumination (e.g., Beevers et al., 2009), which is also a negative form of repetitive

thinking that some argue involves the same underlying processes as worry (e.g.,

Watkins et al., 2005).

3. Catechol-O-methyltransferase (COMT) gene – The met allele of the Val158Met

polymorphism of the COMT gene is associated with elevated levels of generalized

anxiety (Olsson et al., 2007) as well as processes that play a role in the
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development of anxiety disorders (e.g., failure to extinguish conditioned fear;

Londsdorf et al., 2009).

Though these genes have been linked to a number of different anxiety and worry-related

phenotypes, previous studies have yielded some inconsistent findings (e.g., Frustaci et al.,

2008; Samochowiec et al., 2004; Sen et al., 2004; Wray et al., 2008). There are several

possible reasons for these inconsistencies, which our study may be able to address. First, in

light of evidence that worry is transdiagnostic, focusing on specific diagnoses (e.g., GAD)

may be overly narrow and could lead to false negatives (i.e., control participants with

excessive worry). Similarly, given that worry is dimensional in nature (see Ruscio,

Borkovec, & Ruscio, 2001), approaches that use arbitrary cut-offs to characterize

individuals with high or low levels of worry may ignore meaningful variance and reduce

statistical power. Furthermore, unlike prior work, we used a measure with very strong

psychometric properties that can differentiate worry from general distress, depression, and

other forms of anxiety (see Behar et al, 2003, Brown et al., 1992, and Nitschke et al., 2001).

Finally, there is emerging evidence that these candidate genes may function interactively.

For example, Olsson and colleagues (2007) found that participants homozygous for both the

COMT met allele and the 5-HTTLPR short allele had the highest levels of generalized

anxiety, compared to other genotype combinations for these two polymorphisms. Further,

Clasen and colleagues (2011) found that 5-HTTLPR and BDNF genotypes interactively

predict rumination in the context of life stress, while Kaufman and colleagues (2006)

reported an interaction between these two polymorphisms predicting depression in children

with a history of maltreatment. Such findings are bolstered by emerging evidence of

biological epistasis between these candidate genes in brain regions implicated in disorders

associated with excessive worry (e.g., amygdala, anterior cingulate cortex; see Pezawas et

al., 2008 and Etkin et al., 2010). Thus, in addition to testing associations between trait worry

and these three polymorphisms separately, we also examined interactions between them. We

hypothesized that risk alleles of each of these candidate genes would be associated with

worrying, either additively or interactively.

Methods

Participants

A total of 173 individuals (68% female; mean age = 25.3, SD = 9.7, range = 17–69)

participated in the study (note: this sample is independent from those used by Wells et al.,

2010 and Clasen et al., 2011). These individuals were recruited from the Austin community

via introductory psychology classes at the University of Texas and advertisements placed

online, on campus, and at various locations around the city (e.g., community centers,

libraries, coffee shops). Those recruited from psychology classes (47% of the sample)

received course credit in exchange for their participation. All other participants were paid

for their time. Overall, 67% identified as Caucasian, 14% as Hispanic, 12% as Asian

American, 3% as African American, and 2% as “other” (approximately 3% did not report

their race/ethnicity).

Bredemeier et al. Page 3

Anxiety Stress Coping. Author manuscript; available in PMC 2015 November 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Materials

Trait worry was measured using the Penn State Worry Questionnaire (PSWQ; Meyer et al.,

1990). The PSWQ is composed of 16 items (e.g., “My worries overwhelm me”), and

participants rate how typical each statement is of them on a scale from 1 (“not at all typical”)

to 5 (“very typical”). Thus, scores can range from 16 to 80. Past research suggests that the

PSWQ has excellent test-retest reliability (r = .92 over 8–10 weeks; Meyer et al., 1990), as

well as good convergent and discriminant validity (with other self-report measures and

clinical ratings of related constructs; see Brown et al., 1992, Meyer et al., 1990, and

Nitschke et al., 2001). Internal consistency of the PSWQ (measured using Cronbach’s alpha)

in the present sample was .96.

The 5-HTTLPR, which maps to17q11.1–17q12, contains a 44 bp insertion/deletion in the 5′

regulatory region of the gene (Heils et al., 1996). This polymorphism in the promoter

appears to be associated with variations in transcriptional activity: the long variant (528 bp)

has approximately three times the basal activity of the shorter promoter (484 bp) with the

deletion (Lesch et al., 1996). The assay is a modification of the method of Lesch and

colleagues (1996). The primer sequences are forward, 5′-

GGCGTTGCCGCTCTGAATGC-3′ (fluorescently labeled), and reverse, 5′-

GAGGGACTGAGCTGGACAACCAC-3′. These primer sequences yield products of 484 or

528 bp. The polymorphic fragments were separated using an ABI Prism 3130xl DNA

sequencer. Allele sizes were scored independently by two investigators and inconsistencies

were reviewed and rerun when necessary.

The Val66Met polymorphism (rs6265) of the BDNF gene was genotyped using Taqman

assay C___11592758_10 and the Val158Met polymorphism (rs4680) of the COMT gene

was genotyped using Taqman assay C___25746809_50 (Applied Biosystems, Foster City,

CA). Both were performed using an ABI 7300 real-time PCR system.

Procedure

Each participant provided informed consent, then completed questionnaires and provided

DNA for genotyping. Genomic DNA was isolated from buccal cells using a modification of

published methods (e.g., Freeman et al., 1997; Lench et al., 1998). First, the cheeks and

gums were rubbed for 20 seconds with three sterile, cotton-tipped wooden swabs. The swabs

were then placed in a 50-ml capped polypropylene tube containing lysis buffer (500 μl of 1

M Tris-HCL; 200 mM disodium ethylene diaminetetracetic acid [EDTA], pH 8.0; 500 μl of

10% sodium docecyl sulfate; and 100 μl of 5 M sodium chloride). Next, participants rinsed

out their mouth vigorously with 10 ml of distilled water for 20 seconds, and the expelled

rinse was added to the tube. The tubes were stored at 4° C until the DNA was extracted

using alcohol precipitation.

Statistical Analyses

Linear associations between risk alleles for our three candidate genes and scores from the

PSWQ were examined using (separate) hierarchal regression analyses. Specifically, we

created dummy coded variables for each gene, with individuals who were homozygous for

the non-risk allele coded as −1, individuals who were heterozygous coded as 0, and
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individuals who were homozygous for the risk allele coded as 1. These variables were then

entered as predictors of PSWQ scores in the regression analyses. To test for gene-by-gene

interactions, variables for the two genes of interest were entered in the first step, then a

product score of these two variables were entered in the second step. The three-way

interaction between our candidate genes was not examined due to lack of statistical power.

Because the age range of our sample was large, along with evidence that genetic influences

can vary across development (see Kendler et al., 2008) and that mean levels of worry are

lower in late adulthood (e.g., Basevitz et al., 2008), age was entered as a covariate in the first

step of all the analyses. Similarly, because our sample was racially heterogeneous and allele

frequencies can vary across racial/ethnic groups (see Hutchison et al., 2004), dummy-coded

variables for each (self-reported) racial group were also entered as covariates. Importantly,

the effects were consistent with those reported below when: a) these two covariates were not

included in the analyses; b) only data from those participants who identified as Caucasian

were included in the analyses (see Table A in the Supplementary Materials for these results);

or c) the analyses were conducted separately for males and females, or for those who

received course credit for participating and those who received payment.

Results

Two samples failed genotyping for COMT and 12 failed genotyping for BDNF – data from

these participants were excluded from analyses involving these specific genes. Genotype

frequencies for the three candidate genes are shown in Table 1. None of these distributions

differed from Hardy-Weinberg equilibrium (ps > .30), nor did they differ significantly

amongst Caucasian and non-Caucasian participants (ps > .13). PSWQ scores were normally

distributed in the sample (M = 48.4, SD = 16.8) and the range of these scores was quite large

(17–80; possible scores range from 16 to 80). Nevertheless, elevated levels of worry were

not rare − 47 participants had PSWQ scores of 62 or greater (which represents a proposed

cutoff for identifying individuals with pathological worry in unselected samples; Behar et

al., 2003).

Regression analyses revealed a significant association between 5-HTTLPR genotype and

PSWQ scores, β = .17, ΔR2 = .027, p = .03. Specifically, number of short alleles was

positively associated with levels of worry. While there was no direct association between

BDNF genotype and PSWQ scores, β = −.02, ΔR2= .000, p = .85, there was a significant

interaction between BDNF and 5-HTTLPR genotypes predicting PSWQ scores, β = .22, ΔR2

= .027, p = .04 (see Table 2, top). This interaction is portrayed graphically in Figure 1.

Follow-up analyses revealed a significant positive association between number of 5-

HTTLPR short alleles and levels of worry in BDNF met allele carriers (r = .31, p < .01), but

not in val/val homozygotes (r = .02, p = .84). Importantly, these correlations were

significantly different from one another, Z = 1.83, p < .05. COMT genotype was not

significantly associated with PSWQ scores, β = −.01, ΔR2 = .000, p = .87, nor did COMT

interact with 5-HTTLPR or BDNF genotypes to predict worry (ps > .5; see Table 2, middle

and bottom).

Bredemeier et al. Page 5

Anxiety Stress Coping. Author manuscript; available in PMC 2015 November 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Discussion

This is the first published study to identify specific genes associated with the tendency to

worry. Specifically, we found that 5-HTTLPR genotype was significantly associated with

trait worry scores, with short alleles predicting higher levels of worry. Importantly, this

relationship was moderated by BDNF genotype, such that the association was only present

in BDNF met allele carriers. Whereas other studies have consistently linked 5-HTTLPR

genotypes with trait anxiety (see Schinka et al., 2004), our results demonstrate the

importance of also considering BDNF genotypes when examining the tendency to worry.

These findings are consistent with previous evidence of an epistatic relationship between 5-

HTTLPR and BDNF genotypes at the neural level (e.g., connectivity and interactions

between amygdala and anterior cingulate; see Pezawas et al., 2008 and Outhred et al., 2012),

as well as predicting other traits associated with emotional distress (e.g., stress-induced

rumination, Clasen et al., 2011; cognitive reactivity, Wells et al., 2010). More generally, the

results from this study provide preliminary evidence about the putative genetic etiology of

trait worry, and illustrate the potential utility of examining transdiagnostic phenotypes and

gene-by-gene interactions in genetic research.

Our confidence in the conclusions that can be drawn from these findings is dampened by

some key limitations of the present study, which in turn highlight important directions for

future research on this topic. First and foremost, the size of the sample used in this study was

relatively small (particularly by the standards of genetic association research), thus limiting

our statistical power to detect effects. Sensitivity power analyses (conducted using G*Power

3.1; Faul et al., 2007) revealed that we had at least 80% power to detect (R2) effects of

approximately 0.045, supporting the argument that some of the null findings from this study

(e.g., the lack of an association between worry and COMT genotype) could reflect Type II

errors. Further, our sample was relatively heterogeneous (e.g., in terms of age and race/

ethnicity). While this is a common issue in research on individual differences and can even

be considered a methodological strength in some respects (e.g., regarding generalizability),

the limitations of such heterogeneity are more salient in genetic research given evidence that

these sorts of demographic variables can confound results (see Hutchison et al., 2004 and

Kendler et al., 2008). Finally, the scope of the present study was somewhat limited, in that

we only examined three candidate genes and did not measure potential environmental

influences on levels of worry. Though our methodological approach was influenced by the

constraints on statistical power outlined above, the fact that we did not examine other factors

that could moderate some of the relationships we tested (e.g., childhood maltreatment, social

support; see Kaufman et al., 2006) could also explain some of our null findings. Along these

lines, it is important to note the observed effects were small, both in an absolute sense and

relative to best estimates regarding the heritability of trait worry (e.g., Hettema et al., 2001;

Legrand et al., 1999) - while this is typically the case in candidate gene research, it

highlights the fact that other genetic and environmental factors clearly play a role in the

etiology of trait worry as well. Despite these limitations, the present study represents an

important first step in exploring the genetic underpinnings of worrying, an important

trandiagnostic dimension of psychopathology.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Mean PSWQ scores as a function of 5-HTTLPR and BDNF genotypes. Scores from the

BDNF val-met and met-met groups are collapsed (into a “met carrier” group), both for ease

of interpretation and in line with the results from the follow-up (correlational) analyses

described in the text. On that note, we also conducted follow-up simple slope analyses,

which revealed that the slope of the association between 5-HTTLPR short alleles and worry

approached statistical significance at one BDNF met allele (t = 1.81, p = .07), and reached

significance at a point just beyond this (1.05 met alleles). For the specific numbers of

participants in our sample with each genotype combination, please see Table B in the

Supplementary Materials.
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