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Abstract

This study examined associations between the tendency to ruminate and two polymorphisms: the
Val66Met polymorphism in the brain-derived neurotrophic factor (BDNF) gene and 5-HTTLPR
polymorphism in the serotonin transporter gene (SLC6A4). Participants were a homogenous group
of healthy, unmedicated, never depressed individuals with few current symptoms of depression (N
= 71). Results indicated that met heterozygotes of the BDNF allele were significantly more likely to
ruminate than individuals homozygous for the val BDNF allele. There was no association between
rumination and the 5-HTTLPR polymorphism. Further, the interaction between the 5-HTTLPR and
BDNF polymorphisms did not predict rumination. Results suggest that variation in the BDNF gene
may contribute to the tendency to ruminate. Since this association exists in healthy adults, it may
represent a susceptibility factor for affective disorders.
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The tendency to ruminate—a repetitive focus on one’s negative thoughts and feelings—has
been posited to play an important role in the maintenance and etiology of depression (Nolen-
Hoeksema, 2000). Indeed, several studies have now documented that rumination is associated
with a more severe episode of depression, precedes the onset of depressive episodes, and
contributes to more persistent depressive episodes (e.g., Beevers, Rohde, Stice, & Nolen-
Hoeksema, 2007; Nolen-Hoeksema, 2000; Spasojevic & Alloy, 2001). Despite its well-
documented role in depression, the etiology of rumination has received relatively little
attention. The goal of this article is to examine the genetic etiology of rumination.

A single nucleotide polymorphism in the brain-derived neurotropic factor (BDNF) gene has
been implicated in depression vulnerability (Nestler et al., 2002). BDNF is a protein involved
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in the growth and differentiation of new and existing neurons and synapses. Lower levels of
BDNF have been associated with depressive states in animals and central administration of
BDNF can reverse these states (Shirayama, Chen, Nakagawa, Russell, & Duman, 2002).

An amino acid substitution (valine to methionine) at codon 66 (Val66Met) of the BDNF gene
results in two alleles: val and met. Slightly more than one third of Caucasians inherit at least
one copy of the met allele, producing allele frequencies of .67 for val/val, .28 for val/met, and .
05 for met/met (Egan et al., 2003). Importantly, the met allele is associated with decreased
synaptic activity and plasticity in the hippocampus, abnormal hippocampal activation, lower
BDNF secretion, and poorer episodic memory (Egan et al., 2003). Met allele carriers have been
shown to have smaller hippocampal volumes (Frodl et al., 2007), reduced grey-matter volume
in prefrontal cortex (Nemoto et al., 2006), and poorer executive functioning (Rybakowski et
al., 2006) than val allele homozygotes. The BDNF genotype may therefore confer vulnerability
to depression via its effect on cognitive functioning.

Consistent with this possibility, recent research has found an association between the BDNF
gene Val66Met polymorphism and rumination (Hilt, Sander, Nolen-Hoeksema, & Simen,
2007). Among mothers who had experienced adult-onset depression, the val/met BDNF
genotype was associated with greater rumination and depression than the val/val genotype.
Further, analyses suggested that rumination mediated the relationship between the BDNF
polymorphism and depressive symptoms. Rumination may therefore be an important
intermediate phenotype that contributes to the expression of depression.

The serotonin transporter (SLC6A4) is a second gene that has been posited to be associated
with rumination (Canli et al., 2006). The serotonin transporter (5-HTT) gene regulates the
reuptake of serotonin to the presynaptic neuron for recycling or degradation after serotonin has
been released. Importantly, the efficiency with which the transporter returns serotonin to the
presynaptic neuron appears to be influenced by a polymorphism in the serotonin transporter
gene-linked polymorphic region (5-HTTLPR).

A common polymorphism in the promoter region of the 5-HTT gene results in 2 variants: a
short allele and a long allele. The presence of one or two short alleles, rather than two copies
of the long allele, is associated with reduced transcriptional efficiency that putatively results
in significant decreases (approximately 50%) in serotonin reuptake (Lesch et al., 1996). Short
5-HTTLPR allele carriers thus have increased levels of extracellular serotonin compared to
long allele homozygotes. Further, it has recently been determined that the long 5-HTTLPR
allele has two variants (i.e., La and Lg). In the first of two extra 20 to 23 bp repeats in the L
allele, a common single nucleotide polymorphism occurs at the sixth nucleotide (adenine to
guanine; A to G) (Wendland, Martin, Kruse, Lesch, & Murphy, 2006). The Lg variant and the
S allele appear to be very similar in terms of transcriptional activity; therefore, only the L
variant is high expressing with regard to transcriptional activity (Hu et al., 2005).

A number of studies have reported that the 5-HTTLPR is associated with cognitive
vulnerability to depression. For instance, carriers of the low expressing 5-HTTLPR allele report
a more negative attributional style (Sheikh et al., 2008), endorse more negative thoughts
following a mood induction (Beevers, Scott, McGeary, & McGeary, in press), display biased
attention for emotional stimuli (Beevers, Gibb, McGeary, & Miller, 2007), and recall more
negative self-referent words (Hayden et al., 2008) than long allele homozygotes. More relevant
to the current study, Canli et al. (2006) found that low expressing 5-HTTLPR allele carriers
who had recently experienced life stress reported higher levels of rumination than long allele
homozygotes. No other studies have examined the association between the 5-HTTLPR and
rumination.
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The studies by Hilt and colleagues (2007) and Canli et al. (2006) provide important initial
evidence regarding genetic associations with rumination. However, additional study of these
associations is warranted for a number of reasons. First, initial behavioral genetics findings are
often not replicated in subsequent studies (loannidis, Ntzani, Trikalinos, & Contopoulos-
loannidis, 2001), so replication is critical to determine whether the initial findings are reliable.
Second, no studies have examined the association between the BDNF Val66Met polymorphism
and rumination in non-depressed samples. Depressive symptoms and rumination are typically
strongly correlated; therefore, in samples that include depressed individuals, it is difficult to
determine whether the candidate gene is associated with rumination per se or if depression
severity accounts for the association between the candidate gene and rumination. This can be
disentangled to a degree by examining the relationship between genetic variants and rumination
among individuals with low levels of depression. Finally, no study has examined associations
between rumination and more than one gene within the same sample. Studying multiple
candidate genes within the same sample facilitates comparisons across genetic groups and also
allows for the study of gene-by-gene interactions.

The current study builds upon this relatively small body of research and examines whether
polymorphisms of the BDNF and 5-HTTLPR, both alone and in combination, are associated
with self-reported rumination in a healthy, unmedicated, never depressed sample of college
aged adults. Based on previous work, we expected met heterozygotes of the BDNF allele to
report more rumination than val allele homozygotes. The 5-HTTLPR has been associated with
rumination in the context of life stress in one small study (N = 21); however, the direct effect
of the polymorphism on rumination was relatively small (Canli et al., 2006). Nevertheless,
given the associations between 5-HTTLPR and other forms of cognitive vulnerability, we
thought it was plausible that the 5-HTTLPR might also be associated with rumination.

Participants were seventy-one undergraduate students recruited from introductory classes from
a large, southwestern university (see Table 1 for demographic information). Participants
received credit towards satisfying requirements of their introductory psychology class. The
average laboratory session was approximately one hour. Participants completed self-report
inventories that measured rumination, current depressive symptoms, the presence of past
episodes of depression, current medication use, demographic information, and other
assessments not included in this report. They also provided buccal cells used to extract DNA
for genotyping. Inclusion criteria included minimal current depressive symptoms (BDI-11 < 9)
at the time of the testing, no history of major depressive disorder, and not currently taking any
psychiatric medication.

Assessments

Beck Depression Inventory — Il (BDI-Il; Beck, Brown, & Steer, 1996)—The BDI-II
is a widely used self-report questionnaire to assess depression severity. The BDI-II consists of
21 items and measures the presence and severity of cognitive, motivational, affective, and
somatic symptoms of depression. Past reports indicate test-retest reliability is adequate and the
BDI-11 has been found to be valid among college student samples (Beck et al., 1996). Internal
consistency reliability in the current study was good (o = .81). Participants were required to
have BDI-II scores of less than 9 at the time of testing to be included in this study.

The Inventory for Diagnosing Depression-Lifetime Version (IDD-L; Zimmerman

& Coryell, 1987)—The IDD-L is a 24-item self-report questionnaire used to diagnose lifetime
presence of major depressive disorder. It has been shown to have similar sensitivity and
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specificity as the Diagnostic Interview Schedule, and good construct validity and test-retest
reliability (Zimmerman & Coryell, 1987). People who endorsed the presence of five of nine
symptoms for a two week period or greater were classified as having a history of depression.
Participants were required not to have a past history of depression to be included in this study.

Ruminative Responses Scale (RRS; Treynor, Gonzalez, & Nolen Hoeksema,
2003)—The RRS is a 10-item self-report scale that measures rumination, typically defined as
a repetitive and passive focus on one’s negative emotional state. Each question on the RRS has
a four-item response option ranging from 1 (almost never) to 4 (almost always). The RRS
provides an assessment of rumination that is not confounded with depressive symptoms. This
scale has shown good internal reliability and predictive validity (Treynor et al., 2003). The
RRS also contains two related subscales, reflection and brooding. These subscales were
moderately correlated in the present study (r = .50). Total score and subscale scores were used
in this study.

Genotyping—Genomic DNA were isolated from buccal cells using a modification of
published methods (e.g., Freeman et al., 1997). The cheeks and gums are rubbed for 20 s with
three sterile, cotton-tipped wooden swabs. The swabs are placed in a 50-ml capped
polypropylene tube containing lysis buffer (500 ul of 1 M Tris-HCI; 200 mM disodium ethylene
diaminetetracetic acid (EDTA), pH 8.0; 500 ul of 10% sodium docecyl sulfate; and 100 pl of
5 M sodium chloride). The subjects then rinse out the mouth vigorously with 10 ml of distilled
water for 20 sec and this was added to the 50-ml tube. The tubes were stored at 4°C until the
DNA was extracted.

Brain derived neurotropic factor (BDNF)—The Val66Met polymorphism (rs6265) was
genotyped using Tagman assay C__ 11592758 10 (Applied Biosystems) using an ABI 7300
Real time PCR system. The frequency of the BDNF genotypes (val/val, n = 49; val/met, n =
22; met/met, n = 4) did not differ from the Hardy-Weinberg equilibrium (2 = 0.08, p = 0.77).
Because the rare met/met allele group only contained 4 participants, these individuals were not
included in this study due to low statistical power.

Serotonin transporter promoter region polymorphism (5-HTTLPR)—The 5-
HTTLPR gene, which maps to 17911.1-17g12, 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 (Lesch
et al., 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. Allele sizes are scored by two investigators
independently and inconsistencies were reviewed and rerun when necessary.

To distinguish between the S, La, and Lg fragments, the PCR fragment was digested with
Mspl according to the methods found in Wigg et al. (2006). The resulting polymorphic
fragments were separated using an ABI 377 DNA sequencer (S: 297, 127, 62 bp, La: 340, 127,
and 62 bp, Lg: 174, 166, 127, and 62 bp). Using this approach, allele frequencies were S: n =
63 (44.4%), La: n =75 (52.8%), Lg: n = 4 (2.8%). Consistent with previous research, the low
expressing S and Lg alleles were designated S’ and the higher expressing L allele was
designated L'. We therefore formed three groups: (a) S'S’ (i.e., SS: n =15 (21.1%), SLg: n =
0(0.0%), LgLg: n=0(0%)), (b) S'L’ (i.e., SLa: n =33 (46.5%), LgLa: n =4 (5.6%)), and (c)
L'L’ (i.e., LaLA: n =19 (26.8%)). Distributions for the triallelic genotypes were in Hardy-
Weinberg equilibrium using the exact test for multiple alleles (p = 0.25).
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Participants were initially recruited based on their scores on the short form of the Beck
Depression Inventory completing during mass pre-testing sessions at the beginning of the
academic semester. Individuals with low scores (< 4) were contacted and invited to participate
in the current study. Upon arrival to the laboratory, participants were oriented to the laboratory,
provided informed consent, completed the self-report questionnaires (including a second
assessment of depression severity), and provided buccal cells via a cheek swab for genotyping.
Upon completion of study procedures, participants were debriefed and were assigned course
credit for their participation. The internal review board approved all study procedures.

Sample Characteristics

BDNF

5-HTTLPR

Descriptive statistics for the sample are presented in Table 1 stratified by BDNF and 5-
HTTLPR allele groups. There were no significant differences for any of the participant
variables as a function of allele grouping for the BDNF and 5-HTTLPR (see Table 1).

A one-way analysis of variance (ANOVA) with BDNF group (allele: val/val, val/met) as a
between subjects factor with total score on the RRS was conducted. Results indicated a
significant main effect for BDNF allele group, F(1, 69) = 6.93, p < .05, n2 = .09; the val/met
group reported significantly more rumination than the val/val group (d = 0.66; see Figure 1).
Identical analyses were conducted for the reflection and brooding subscales of the RRS. The
val/met group reported significantly more reflective rumination, F(1, 69) = 7.00, p < .05, n?
=.09, than the val/met group (M = 6.50, SD = 3.58 and M = 4.28, SD = 3.11, respectively; d
=.66). The val/met group also tended to endorse more brooding rumination, F(1, 69) = 3.22,
p < .10, n? = .05, than the val/val group (M = 4.37, SD = 2.73 and M = 5.63, SD = 2.80,
respectively; d = .45), although this effect fell short of statistical significance.

A one-way analysis of variance (ANOVA) with 5-HTTLPR group (allele: S'S, S'L’, L'L") as
a between subjects factor with total score on the RRS was conducted. Results indicated a non-
significant main effect for 5-HTTLPR allele group, F(2, 68) = 0.18, ns, n2 = .00; there were
no group differences among 5-HTTLPR allele groups (see Figure 1). Not surprisingly, there
were no 5-HTTLPR allele effects for either the reflection, F(2, 68) = 0.43, ns, n2 = .01, or
brooding, F(2, 68) = 0.11, ns, n2 = .00, subscales of the RRS.

BDNF-by-5-HTTLLPR interaction

The final analysis served two purposes: (a) to examine whether the BDNF Val66Met
polymorphism continued to predict rumination after the 5-HTTLPR polymorphism was
entered simultaneously into an ANOVA, and (b) whether the 5-HTTLPR moderated the effect
of the VVal66Met BDNF polymorphism on total score rumination. Consistent with the previous
analyses, there was a main effect for the BDNF polymorphism, F(1, 65) = 6.93, p <.05,n2=.
10, but not the 5-HTTLPR polymorphism, F(2, 65) = 0.32, ns, n2 = .01. Further, the interaction
between the 5-HTTLPR and the BDNF did not approach statistical significance, F(2, 65) =
0.46, ns, n2 = .01.

Discussion

The overall aim of the current study was to examine whether individual differences in the
BDNF and 5-HTTLPR genes were associated with the tendency to ruminate in a healthy, non-
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medicated, non-depressed sample. Results suggest that val/met BDNF heterozygotes are
significantly more likely to ruminate than individuals homozygous for the val allele. In contrast,
there was no association between the 5-HTTLPR and rumination. Indeed, it was notable that
the rumination scores were nearly identical across the 5-HTTLPR allele groups.

These findings provide additional support that individual differences in the BDNF gene
contribute to the tendency to ruminate. This association has now been observed in adult women
who varied in current and past depression (Hilt et al., 2007) and healthy adults with no current
or history of depression. The fact that similar results were observed in studies that used different
methodologies and samples suggests that this finding may be reliable. Nevertheless, additional
replication in studies with large samples is still needed.

Additional work is also needed to determine why the met allele of the BDNF gene is associated
with rumination. BDNF plays a critical role in cortical functioning by influencing the
development and maintenance of cortical neurons and cortical synapses (Weickert et al.,
2003). Genetically mediated alterations in the regulation of BDNF could therefore contribute
to poorer executive functioning. Interestingly, depression is often characterized by poor
prefrontal control, such as difficulty inhibiting negative thoughts or stimuli. For instance,
Joormann (2004) reported that current dysphoria and lifetime depression were both associated
with poor inhibitory control when processing negative word stimuli.

Inhibitory processes are thought to be responsible for updating working memory and for
preventing irrelevant information from entering working memory. It follows that poor
inhibitory control could lead to repeated processing of irrelevant information—a defining
feature of rumination. Consistent with this possibility, Joormann (2006) has demonstrated that
rumination is associated with poor inhibitory control, even after controlling for current
depressive symptoms. More specifically, individuals high in rumination experienced more
difficulty inhibiting irrelevant information than individuals low in rumination regardless of
depressive symptoms. Similarly, Davis and Nolen-Hoeksema (2000) found that ruminators
had a more inflexible cognitive style, as measured by the Wisconsin Card Sorting Task.

This raises the possibility that the BDNF Val66Met polymorphism contributes to rumination
via its influence on inhibitory control. Met BDNF carriers may have poorer inhibitory control
over irrelevant stimuli due to altered BDNF regulation in brain regions that are critical for
inhibitory control, such as the prefrontal cortex. This poor inhibitory control, in turn, may
contribute to the tendency to ruminate. Additional work is needed to test this possibility. Indeed,
additional interdisciplinary work that comprehensively examines the etiology of rumination
across levels of analysis (e.g., neural, cognitive, genetic) within the same sample may be critical
for developing a better understanding of the origins of rumination.

In contrast to the BDNF allele, there was virtually no association between the 5-HTTLPR
polymorphism and rumination. Indeed, rumination was nearly identical across the 5-HTTLPR
allele groups (see Figure 1). This is in contrast to other research, which has found that the 5-
HTTLPR is associated with other forms of cognitive vulnerability to depression (for a review,
see Beevers & Wells, in press). However, it should be noted that one study has found that the
5-HTTLPR combines with recent life stressors to predict higher levels of rumination (Canli et
al., 2006). This suggests that the 5-HTTLPR gene may influence the tendency to ruminate
following recent adversity. Thus, whereas the BDNF polymorphism may directly influence
rumination, the 5-HTTLPR polymorphism may contribute to rumination following the
occurrence of life stress.

Although previous work has found an interaction between BDNF and 5-HTTLPR for neural
structures involved in emotion processing (Pezawas et al., 2008), we found no evidence of
epistasis in the current study. Nevertheless, future work should continue exploring the
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contribution of gene-by-gene interactions to rumination. It is highly probable that multiple
genes contribute to the expression of a complex phenotype such as rumination. Indeed, given
that the BDNF gene putatively influences neural plasticity, it may be an excellent gene with
which to study gene-by-gene interactions. Consistent with this possibility, Nagel et al.
(2008), reported that BDNF met carriers performed significantly worse on executive
functioning tasks if they were also Catechol-O-Methyltransferase (COMT) Val allele carriers.
In other words, the BDNF gene moderated the effect of the COMT polymorphism on prefrontal
cognitive performance. Given these genetic associations with executive function, this finding
may have particular relevance for understanding rumination. It also suggests that additional
research should examine associations between polymorphisms of the COMT gene and
rumination.

Several limitations of this study should be noted. Small sample size is an important limitation,
as effects observed in small samples are less likely to be replicated than effects initially
observed in large samples. Further, small sample size may have also limited our ability to detect
significant gene-by-gene interactions. Given the positive findings for the association between
the BDNF polymorphism and rumination, larger scale studies involving participants with
greater variability in depression and age seem warranted. Similar studies that also measure life
stress are needed to further establish a link between 5-HTTLPR and rumination. As with any
genetic association study, population stratification is a potential concern. This confound is
unlikely as the vast majority of participants were Caucasian and ethnicity was unrelated to
rumination or allele status. Third variable explanations, such as the possibility that the BDNF
and 5-HTTLPR polymorphisms are in linkage disequilibrium with another functional genetic
marker, should also be considered as alternative explanations for the observed effects.

Despite these limitations, we believe this study makes an important and interesting contribution
to understanding rumination. Individuals who inherit the met variant of the BDNF gene may
be more likely to ruminate. This proclivity to ruminate may contribute vulnerability to
depression and therefore represent one psychological pathway that connects individual
differences in the BDNF gene to the expression of depression. However, the expression of
depression is obviously more complex than a single pathway. Additional work that tests
complex etiological models of depression across levels of analyses (genetic, neural, cognitive,
environmental) may allow for the development more comprehensive models, and further our
understanding of this important and debilitating disorder.
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Figure 1.

Mean and standard errors for total rumination scores, measured with the Ruminative Responses
Scale, presented as a function of (a) BDNF and (b) 5-HTTLPR allele groups.
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