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ABSTRACT 
 
 

 
Obsessive-Compulsive Disorder (OCD) is a severe and debilitating anxiety disorder with 

relatively little known about its etiology.  The serotonin-transporter gene is one likely place to 

start investigating the genotypes associated with OCD, given the efficacy of serotonin re-uptake 

inhibitors for treating OCD.  It was predicted that individuals with OCD would have higher 

frequencies of the s/s allele when compared to non-disordered individuals. The allelic frequency 

of the OCD group was also compared to an anxiety group consisting of mostly panic disordered 

individuals. As an exploratory analysis, individuals were also assessed for Obsessive-

Compulsive Personality Disorder (OCPD) and their allelic frequencies were also compared to 

non-disordered individuals.  In total there were 198 individuals genotyped, of which 30 had OCD 

with no other comorbidity, 26 had an anxiety disorder other than OCD, and 17 had OCPD.  

Consistent with the hypothesis, analyses revealed that there were higher frequencies of the s/s 

allele among OCD individuals when compared to non-disordered controls.  The panic disordered 

group also had higher frequencies of the s/s allele when compared to non-disordered controls.  

There were no differences in allelic frequencies between the OCD group and the panic 

disordered group.  Finally, there were no differences in allelic frequencies on the serotonin 

transporter gene between the OCPD group and the non-disordered control group.   
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INTRODUCTION 
 

 Obsessive-compulsive disorder (OCD) is a severe and debilitating anxiety disorder with 

relatively little known about its etiology.  Family studies suggest that genetic factors can increase 

an individual’s vulnerability to OCD, but the specific nature of this vulnerability is still unclear 

(Pauls & Alsobrook, 1999).  Molecular studies investigating the genotypes associated with OCD 

have the potential to shed light on the familial transmission of OCD. 

    The serotonin-transporter gene is one likely place to start investigating the genotypes 

associated with OCD for various reasons.  First, a series of pharmacological studies have 

indicated that there is a dysregulation of the serotonergic system in OCD.  Serotonin reuptake 

inhibitors are effective in treating OCD symptoms and discontinuation of medication often 

results in relapse (McDougle, Goodman, & Price, 1993).  In addition, when meta-chlorophenyl-

piperazine (mCPP), a serotonin 2C receptor agonist, is given to OCD individuals, this induces 

more OCD symptoms (Zohar, Muller, Insel, Zohar-Kadouch, et al., 1987).   

Second, neurotransmission that is mediated by the serotonin system contributes to many 

physiological functions such as motor activity, sleep, and cognitive tasks, areas of abnormality in 

OCD individuals (Christensen, Kim, Dysken, & Hoover, 1992; Levin & Duchowny, 1991; 

Martinot, Allilaire, Mazoyer, Hantouche, et al., 1990; Head, Bolton & Hymas, 1989; Rapoport, 

Elkins, Langer, et al., 1981; Flor-Henry, Yeudall, Koles, & Howarth, 1979).  Several studies 

have found that OCD individuals show impairments in the Tactile Performance Test, a test that 

measures tactual recognition and is influenced by the serotonergic system (Christensen, Kim, 

Dysken, & Hoover, 1992; Flor-Henry, Yeudall, Koles, & Howarth, 1979).  Some studies have 

also found that children with OCD show sleep EEG wave patterns that are different from those 

of normal controls but similar to those of depressed individuals (Levin & Duchowny, 1991; 

Rapoport, Elkins, Langer, et al., 1981).  As mentioned previously, the serotonin system has been 

found to impact sleep; sleep problems, including abnormal sleep wave patterns, could be 

suggestive of problems in the serotonin system.  Finally, several studies among OCD individuals 

have found impairment in various cognitive tasks that are mediated by serotonergic 

neurotransmission. Non-depressed OCD individuals appear to demonstrate impairment in 
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attention and memory tasks associated with executive functions (Martinot, Allilaire, Mazoyer, 

Hantouche, et al., 1990).  Similarly, Head, Bolton, and Hymas (1989) found that drug-free 

outpatient OCD individuals performed worse than normal controls in the Wisconsin Card Sort 

test, a neuropsychological test used to study prefrontal lobe function.  It has also been found that 

OCD individuals tend to score high on verbal IQ scores relative to their performance IQ scores, 

demonstrating that verbal and visual-spatial skills are not equally developed (Boone, Ananth, 

Philpott, Kaur, & Djenderedjian, 1991; Insel, Donnelly, Lalakea, Alterman, & Murphy, 1983).  

Problems in these various cognitive tasks among OCD individuals suggest a problem in the 

frontal lobe, an area dense with serotonergic activity.  Overall, a variety of physiological 

functions that are influenced by the serotonin system have been found to be abnormal in OCD 

individuals, implicating the serotonin system as a possible causal or maintaining factor in OCD. 

 Third, besides a variety of abnormal physiological functions controlled in part by the 

serotonin system, OCD individuals show abnormalities in some brain areas with serotonergic 

activity .  For example, the frontal cortex is serotonergically active, and various studies have 

found brain abnormalities in this region among OCD individuals.  It is important to note that 

these studies have all found abnormalities in the frontal cortex while using different 

methodologies.  For example, one study found abnormalities in frontal tissues when comparing 

32 OCD individuals to 14 controls using MRI (Garber, Ananth, Chiu, Griswold, et al., 1989).  

Several other studies used positron emission tomography (PET) and found abnormalities in the 

frontal cortex as well (Nordahl, Bendelfat, Semple, Bross, et al., 1989; Swedo, Schapiro, Brady, 

et al., 1989; Baxter, Schwartz, Mazziotta, et al., 1988; Baxter, Phelps, Mazziotta, Guze, et al., 

1987).  In addition, another group of researchers also found brain abnormalities in the frontal 

cortex of OCD individuals by using the single-photon emission computed tomography (SPECT) 

method (Rubin, Villanueva-Meyer, Ananth, Trajmar, et al., 1992; Machlin, Harris, Pearlson, 

Hoehn-Saric, et al., 1991).  In sum, a variety of studies using different methodologies have found 

abnormalities in the frontal cortex, an area rich with serotonergic activity; however, it should be 

acknowledged that much else besides serotonergic activity occurs in the frontal cortex, thus the 

findings of frontal cortex problems in OCD are roughly consistent with serotonergic 

involvement, but are by no means definitive.  

 Overall, converging evidence from pharmacological studies, abnormalities in 

physiological functions mediated by or associated with serotonergic systems, and brain 

abnormalities found in areas rich with serotonergic pathways, suggests that the serotonin system 
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may play a prominent role in OCD.  The serotenergic system is of course complex; this study 

will therefore take the approach of narrowing the focus to one specific genetic factor that 

influences serotonin transmission, the serotonin transporter gene.  This approach can serve as the 

basis for future work simultaneously examining multiple aspects of serotonergic functioning as 

they relate to OCD. This study attempts to investigate if allelic variations on the serotonin 

transporter gene differentiate three groups of individuals: obsessive compulsive, anxiety-

disordered and non-disordered individuals. 

 In exploring the influence of the serotonin transporter gene on obsessive-compulsive 

disorder, several areas of research will be reviewed.  First, an overview of OCD will be offered 

along with a summary of prevalence rates, course, treatment, etiology, etc.  An explanation of the 

serotonin transporter gene will then be given with a discussion of the various allelic relationships 

to the release and uptake of serotonin.  This will be followed by an explanation of the techniques 

used to analyze the serotonin transporter gene.  Next, there will be a review of the existing 

literature on the serotonin transporter gene among other anxiety disordered individuals and OCD.  

Finally, we conclude with the hypotheses for the proposed research study.  

 

Obsessive-Compulsive Disorder
1
 

Diagnostic Criteria 

 Individuals with obsessive-compulsive disorder suffer from intense, recurrent unwanted 

thoughts and rituals which they feel they cannot control.  The unwanted thoughts or obsessions 

consist of fears related to contamination, safety, need for orderliness, etc.  These obsessions 

usually produce extreme distress and anxiety.  OCD individuals often attempt to suppress or 

neutralize their thoughts but are unsuccessful.  The rituals OCD individuals engage in are usually 

an attempt to alleviate their obsessions.  These rituals include repeated washing, checking, 

counting or ordering.  People with OCD often recognize that the obsessions or compulsions are 

excessive or unreasonable.   

The obsessions or compulsions are time consuming, occupying at least one hour every 

day.  If left untreated, this disorder often will take over an individual’s life, impairing all facets 

of their functioning.     

Prevalence 

Obsessive-compulsive disorder is a national and international problem.  According to the 

National Institute of Mental Health, approximately 2.3% of the U.S. population (or 3.3 million 
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people) between the ages of 18 to 54 suffer from obsessive-compulsive disorder.  At least one-

third of these cases with OCD began in childhood (Anxiety Disorders Education Program, 1999).    

This disorder is not only an American problem, but an international problem as well.  A study 

conducted by Weissman, Bland, Canino, and Greenwald (1994) found that lifetime prevalence 

rates of OCD in Germany, Puerto Rico, Canada, Korea and New Zealand did not significantly 

differ from prevalence rates in the United States.  The only exception was Taiwan, which 

showed low prevalence rates of not just OCD but of other psychiatric disorders as well. 

Gender and Age of Onset 

OCD is equally common among males and females (DSM-IV; Niehaus & Stein, 1997).  

In terms of age of onset, males tend to have an earlier modal age of onset than females (DSM-

IV; Niehaus & Stein, 1997).  The age of onset for males tends to be between the ages of 6 and 

15, whereas the age of onset for females tends to be between the ages of 20 and 29 (DSM-IV).  

For most individuals, the onset of OCD symptoms tends to be gradual, however, there is a 

subgroup of individuals that have an acute onset (DSM-IV; Niehaus & Stein, 1997).  

Course 

The majority of individuals have a chronic but fluctuating course that tends to get worse 

with stress.  Approximately 85% of OCD individuals report chronic impairment due to their 

symptoms (Rasmussen & Eisen, 1989). 

Cost 

Besides being a distressing disorder that can result in extreme impairment, OCD is also a 

costly problem.  According to the National Institute of Mental Health, OCD cost the U.S. $8.4 

billion dollars in social and economic losses in 1990, almost 6% of the total mental health cost 

for that year (Anxiety Disorders Education Program, 1999).  

Etiology 

Among OCD individuals, the rate of OCD in first-degree biological relatives is higher 

than in the general population.  The concordance rates of OCD are higher in monozygotic twins 

than in dyzygotic twins (Niehaus & Stein, 1997).  In addition, some results suggest that some 

forms of OCD are familial (Pauls, Alsobrook, Goodman, Rasmussen et al., 1995).  In this family 

study, 100 individuals with OCD and their first-degree relatives were studied, along with 33 non-

disordered individuals and their first-degree relatives.  In general, they found that individuals 

with OCD had more relatives with OCD and subthreshold OCD than the control group (Pauls et 

al., 1995).  This same study also found that a family history of OCD was predictive of tic 
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disorders among the probands. Evidence from familial studies such as this and from twin studies 

suggests that some individuals with OCD may have a genetic predisposition to the disorder. 

The specific mechanisms of familial transmission in OCD are unknown.  Molecular 

studies have not conclusively identified genotypes associated with OCD yet (Pauls & Alsobrook, 

1999; Niehaus & Stein, 1997).  The identification of a specific genotype among OCD individuals 

might be crucial to the subtyping of OCD and the understanding of its etiology. 

Treatment 

Fortunately, there are effective treatments for individuals with OCD.  In terms of 

psychotropic medications, selective-serotonin reuptake inhibitors (SSRIs), such as fluoxetine, 

sertraline and paroxetine, have been proven effective in helping people with OCD (Rauch & 

Jenike, 1998). In addition, chlomipramine has also been proven effective (Rauch & Jenike, 

1998).    Besides psychotropic medication, a behavior therapy called exposure with response 

prevention has also been proven effective in treating individuals with OCD (Nathan & Gorman, 

1998). This therapy involves prolonged exposure to obsessional cues while preventing the 

individual from engaging in rituals.   

Comorbidity 

Numerous studies have found a variety of co-occurring disorders with OCD, anxiety and 

mood disorders being the most prominent.  In fact, one study reports that more than 50% of OCD 

individuals meet criteria for another Axis I disorder (Pigott, L’Hereux, & Dubbert, 1994).  Major 

depression is the most common comorbid mood disorder with OCD.  At any given time, 30 – 

38% of OCD individuals also meet criteria for major depression (Pigott et al., 1994).  Non-OCD 

anxiety disorders also commonly co-occur with OCD.  Approximately 40 to 60% of OCD 

individuals will meet criteria for another anxiety disorder at some point in their lives (Pigott et 

al., 1994).  Eating disorders can also be found in combination with OCD.  Lifetime prevalence 

rates of anorexia nervosa for OCD individuals are 10 to 17% (Pigott et al., 1994).  Lifetime 

prevalence rates of bulimia nervosa for OCD individuals are 5 to 20 % (Pigott et al., 1994).  

According to the DSM-IV, approximately 20 to 30% of OCD individuals meet criteria for a 

current or past tic disorder.  

Serotonin Transporter Gene 

 

 Serotonin is a major central nervous system neurotransmitter that has been thought to 

influence the pathophysiologies of mood and anxiety disorders.  Serotonin acts at the pre- and 
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post-synaptic receptor sites, making it not only a neurotransmitter but a modulator of synaptic 

signal transduction in many systems of the brain.  The serotonin transporter, categorized in the 

Na+ / Cl - dependent cell surface transport proteins, influences the site where serotonin is released 

by the pre-synaptic terminal and picked up by the post-synaptic target (Lesch, 2000).  Serotonin 

is stored in vesicles within the pre-synaptic neuron and is released into the synaptic cleft with 

neuronal excitation.  Once in the synaptic cleft, it binds to the post-synaptic receptors (Lesch, 

2000).  The release of serotonin is terminated when the pre-synaptic terminal reuptakes serotonin 

through the serotonin transporter (Lesch, 2000).  

The human serotonin transporter gene is located on chromosome 17q11 - 17q12 (Lesch, 

Wolozin, Estler, Murphy, et al., 1993).  Polymorphisms in the serotonin transporter gene have 

two variants involving long and short alleles.  Individuals can either be homozygous, having two 

short or two long alleles, or heterozygous, having one short and one long allele.  The short form 

of the polymorphism in the promoter regulatory region of the serotonin transporter gene is 

reported to be associated with less transcriptional efficiency, so that there is less serotonin 

binding and uptake in the pre-synaptic cell (Lesch, Bengel, Heils, Sabol, et al., 1996).  Less 

uptake by the pre-synaptic cleft results in more frequent stimulation of the post-synaptic neuron 

and more serotonergic activity.  Low levels of serotonergic activity have been associated with 

emotional dysregulation.  It is the short variant of this polymorphism that has been associated 

with depression and anxiety disorders in some studies (Katsuragi, Kunugi, Sano Tsutsumi, et al., 

1999; Collier, Arranz, Sham & Battersby, 1996; Lesch et al., 1996). 

Analysis of the Serotonin Transporter Gene 

 Polymerase Chain Reactions (PCR) is a method used to genotype individuals on the 

serotonin transporter gene (and other genes as well). DNA consists of very long sequences of 

nucleotide bases that are double-stranded and intertwined.  The goal of PCR is to take a specific 

sequence of DNA and copy it multiple times, following these steps:  The PCR reaction first 

separates DNA into two strands.  A polymerase, consisting of enzymes that can copy genetic 

material, is introduced and bound to the two separate strands of DNA, leaving two pieces of 

identical DNA strands that are just like the first sequence of double-stranded DNA.  If the cycle 

is repeated again then the number of DNA strands increases to four strands.  If the cycle is 

repeated again then the number of DNA strands increases to eight strands.  This cycle is 

continued for a total of 35 times.  The end result is a substance loaded with abundant DNA 
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material that, when combined with a loading buffer, can be seen by the naked eye under 

ultraviolet light. 

Association of the Serotonin Transporter Gene with Anxiety 

  

Numerous studies have investigated the role of the serotonin transporter gene in anxiety-

related characteristics.  A study conducted in Japan on 101 normal Japanese volunteers found 

that those with the two short allele genotype had higher Harm Avoidance scores from 

Cloninger's personality theory than those with the other genotypes (Katsuragi, Kunugi, Sano 

Tsutsumi, et al., 1999).  Cloninger’s personality theory is a biologically based model of 

personality with three traits, Harm Avoidance being the one that is most relevant to anxiety.  In 

addition, this study found that the group with two long alleles and the group with one long/one 

short alleles were similar, and both were significantly different from the group with two short 

alleles, regarding Harm Avoidance.   

 A second study also conducted in Japan investigated the serotonin transporter gene, 

specifically allele Stin 2.12, among anxiety disordered and non-disordered individuals (Ohara, 

Suzuki, Ochiai, Tsukamoto et al., 1999).  Allele Stin2.12 is an intron allele found in the serotonin 

transporter gene.  These alleles do not code for amino acids and are removed from mRNA before 

the proteins align and attach to one another.  To date, it is unclear as to the function of this allele 

and how it relates to the serotonin transporter gene.  One possible theory is that this intron allele 

serves as a transcription regulator, but extensive research is still necessary (MacKenzie & Quinn, 

1999). The investigators found that a statistically significant proportion of individuals in the 

anxiety disordered group had higher frequencies 2of the STin2.12 allele than the control group.  

When dividing the anxiety disordered group into specific diagnoses, the OCD and generalized 

anxiety disorder groups had significantly higher frequencies of the STin2.12 than the control 

group.  The frequencies of STin2.12 among panic disordered and phobic groups were higher than 

controls but not to a statistically significant degree.  In addition, individuals who had a positive 

family history of anxiety disorders also had higher frequencies of the STin2.12 allele.  This study 

is similar to the proposed study in the sense that this study investigates the frequencies of the 

polymorphisms of the serotonin transporter gene among OCD, anxiety and non-disordered 

individuals; however Ohara et al. (1999) only studied the intron allele of the serotonin 

transporter gene and just reported frequencies, where as this study is investigating short and long 

allele combinations found within the serotonin transporter gene.  Like the Ohara et al. (1999) 
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study, this study will report frequencies of the allele combinations across disorders, but it will 

also conduct analyses to detect if the presence of one allele alone is predictive of an anxiety 

disorder. 

 A third study assessing personality and the serotonin transporter gene on 505 individuals 

found that the gene was associated with neuroticism, anxiety and harm avoidance (Lesch et al., 

1996).  These authors found that individuals with 2one or two short alleles had higher 

neurotocism scores from the NEO-PI-R personality inventory than those with two long alleles.  

In addition, they found that the anxiety factor from Cattell's 16PF personality inventory was 

associated with serotonin transporter genotype, such that those with one or two short alleles had 

higher anxiety scores than those with two long alleles.  This same study also investigated the 

association between polymorphisms in the serotonin transporter gene with the traits in 

Cloninger's biosocial model.  They found that higher scores on the harm avoidance trait were 

also related to the presence of a short allele.     

  Mazzanti et al. (1998) also investigated the association between personality traits and the 

serotonin transporter gene.  The sample consisted of controls, alcoholic criminal offenders, and 

the siblings of the criminal offenders, all from Finland.  A total of 366 sibling pairs were 

obtained. They found that when analyzing the 366 sibling pairs, the association between the short 

and heterozygous variant of the serotonin transporter gene and the harm avoidance scale among 

the alcoholic group was significantly higher than the association between the short and 

heterozygous variant of the serotonin transporter gene and harm avoidance scale among the 

control group.  No other analyses revealed any significant associations.   

 Overall, there seems to be converging evidence that anxiety related traits are associated 

with the short allele variant in the serotonin transporter gene.  

Obsessive-Compulsive Disorder and the Serotonergic Model 

 

 There have been several studies investigating the role of the serotonin transporter gene in 

OCD.  Consistent with the anxiety literature, there is also research that supports an association 

between OCD and the s/s genotype.  McDougle, Epperson, Price & Gelernter (1998) used a 

family-controlled transmission disequilibrium test and found a preferred short allele transmission 

in 10 out of 13 SSRI non-responders, and a predominant short allele transmission in 24 

heterozygous parents to their OCD affected sibs.  In addition, Brown & Joiner (in preparation) 

conducted a meta-analysis which found that OCD individuals are more likely to carry the s/s 
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genotype than control participants.  In addition, they found that the OCD individuals are more 

likely to carry the s/s genotype but not the s/l genotype than control participants. Thus, there is 

converging evidence that the short allele might be significantly associated with OCD on the 

serotonin-transporter gene. 

Despite the previous research demonstrating an association between s/s genotype and 

OCD, there is also some research that has found an association between l/l genotype and OCD.  

Hanna, Himle, Curtis, Koram, et al. (1998) did not directly investigate the association between 

the serotonin transporter gene and OCD, but investigated the serotonin transporter gene and 

serotonin concentrations in blood with OCD individuals and controls.  They found that 

participants with the long variant had higher serotonin blood concentrations than those 

homozygous for the short allele.  In addition they found that individuals with two long alleles 

had significant differences in serotonin concentrations across seasons.  The individuals with two 

short alleles had no differences in serotonin across seasons.  Finally, the individuals with one 

long and one short allele had high but stable serotonin levels.  Serotonin levels did not differ 

between the OCD individuals and the controls.   

 Several other studies have found associations between the serotonin-transporter 

polymorphism and OCD that support Hanna et al.’s (1998) findings.  Billett, Richter, King, 

Heils, et al. (1997) did not find a significant association in 72 OCD individuals when compared 

to 72 control participants, but did notice a higher frequency of the homozygous long allele in the 

OCD group (not quite statistically significant, p = .07).  Bengel, Greenberg, Cora-Locatelli, 

Altemus, et al. (1999) did find that OCD individuals were more likely to carry the homozygous 

long allele when compared to controls. Finally, Cavallini, Di Bella, Siliprandi, Malchiodi et al. 

(2002) found that individuals with the l/l genotype tended to score higher on repetitive rituals 

than individuals with the other genotypes, after controlling for Tic disorder. 

Despite some converging evidence of the long allele with OCD, there are several studies 

that have failed to find any association at all.  For example, Frisch, Michaelovsky, Rockah, 

Amir, et al. (2000) investigated polymorphisms on a variety of genes in Ashkenazi and non-

Ashkenazi Jews.  These authors found that none of the polymorphisms in the genes, including 

those in the serotonin transporter gene, demonstrated statistically significant differences between 

the OCD individuals and the controls.  Camarena, Rinetti, Cruz, Hernandez et al. (2001) 

investigated the polymorphisms of the serotonin-transporter on Mexican OCD and non-
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disordered individuals.  Similar to Frisch et al. (2000), they found no differences in allelic 

frequencies between OCD and non-disordered individuals.     

  As mentioned before, pharmacological studies, abnormalities in physiological functions 

mediated by serotonergic systems, and brain abnormalities found in areas of rich serotonergic 

pathways all suggest that serotonin might play a role in OCD.  This, taken together with the  

varying evidence that allelic variation on the serotonin transporter gene might be associated with 

OCD more so than non-disordered individuals (Bengel et al., 1999; Hanna et al., 1998; 

McDougle et al., 1998; Billett et al., 1997) warrants further investigation.  But not only does the 

previous research need to be replicated, there are several avenues that have gone un-investigated.  

For example, there have been no studies investigating obsessive-compulsive personality disorder 

and the polymorphisms of the serotonin transporter gene.   

Obsessive-Compulsive Personality Disorder
1 

 

 Individuals suffering from OCPD begin by early adulthood to exhibit a preoccupation 

with orderliness, perfectionism , and mental and interpersonal control.  They attempt to maintain 

a sense of control through attention to details, rules, schedules, procedures, etc. These behaviors 

occur to an extreme where the major point of the activity is often lost or they are less efficient.  

They may become so involved in every detail of a project being perfect that the project is never 

finished.  Individuals with OCPD are often so devoted to work and productivity that they do not 

have time for leisurely activities, relationships or friendships.  These individuals tend to be 

reluctant to delegate tasks or work to others.  Finally, these individuals also tend to be inflexible 

and scrupulous when it comes to matters on morality, ethics or values. 

 OCPD occurs about 1% in community samples and 3-10 % in mental health clinics.  It 

appears to be diagnosed twice as often among males than females. 

 Very little is known about the etiology behind OCPD.  There have been no studies 

investigating allelic frequencies on the serotonin transporter gene among OCPD individuals. 

Hypotheses 

 

1. Consistent with previous findings, it was expected that polymorphisms of the 

serotonin transporter gene will differentiate anxiety disordered individuals without 

OCD from non-disordered controls, where anxiety disordered individuals without 
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OCD will have higher frequencies of the s/s allele than the s/l and l/l alleles 

combined. 

2. Since the literature on OCD and the serotonin transporter gene had mixed findings, 

this hypothesis was constructed based on those studies that were supported by the 

anxiety literature as well.  For this reason, it was hypothesized that polymorphisms of 

the serotonin transporter gene will differentiate OCD individuals from non-disordered 

controls, where OCD individuals will have higher frequencies of the s/s allele than 

the s/l and l/l alleles combined.  

3. As an exploratory analysis, this study also investigated whether allelic variations on 

the serotonin transporter gene differentiate OCD individuals from other anxiety 

disordered individuals.   

4. The s/s allele variant will differentiate OCD and anxiety disordered individuals from 

non-disordered individuals more so than the s/l and l/l alleles. 

5. As an exploratory analysis, this study investigated if there are differences in allelic 

frequencies between those with OCPD and non-disordered individuals.  Finally, this 

study also investigated if the s/s allele is more prevalent than the s/l and l/l alleles 

combined, among mood disordered individuals when compared to non-disordered 

individuals, as past research has shown (Brown & Joiner, in preparation). 
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METHODS 
 
 

Participants and Procedure 

 
 300 individuals participated in this study; most of these individuals were undergraduate 

university students, who participated in the study to partially fulfill a requirement for their 

introductory psychology class.  Experimenters went to the introductory psychology classes and 

gave a 20-item, true/false questionnaire on OCD (Maudsley Obsessive Compulsive Inventory, 

MOCI; Rachman & Hodgson, 1980) where higher scores indicated higher levels of OCD 

symptomatology.  Brief questions on past history of treatment for OCD and family history of 

OCD were also included.  Undergraduates who believed they had OCD, had a family history of 

OCD or had been formally diagnosed in the past, were invited to participate in the study.  In 

addition, those who scored in the top 5% of the questionnaire were also invited to participate.  

All others were given equal opportunity to participate via sign-up sheets.  Some of the 

participants were volunteers from the community who had OCD, a family history of OCD or 

believed they had OCD but were never formally diagnosed. These volunteers were recruited via 

newspaper and radio announcements.  These volunteers were paid $10.00 for their participation.  

There were a total of 266 undergraduates and 42 volunteers.  This sample consisted of 180 (60%) 

females and 120 (40%) males.  The ethnic composition of the sample was 76.3% Caucasian, 

5.3% African American, 11.7% Hispanic, 2.3% Asian, and 4% Other.   

 Participants were informed that they would be answering questions about their behaviors, 

mood and emotions.  They were also informed that they would be donating buccal cells by 

swabbing the inside of their cheek with a cotton swab to provide genetic information.  All 

participants completed written informed consents.  Administration was conducted on an 

individual basis.  Upon completion of the study, participants were debriefed via a written 

information sheet.  All questions and concerns were also answered.  Referral numbers were also 

provided upon request. 

 All participants filled out the Maudsley Obsessive Compulsive Inventory (MOCI), a 

true/false self-report questionnaire (Hodgson & Rachman, 1977).  The original MOCI contained 
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30 items that can be used to give a total obsessionality score as well as four factor scores, 

checking, cleaning, slowness and doubting-conscientiousness.  An extensive amount of literature 

exists demonstrating the validity and reliability of the cleaning and checking subscales 

(Emmelkamp, Kraaijkamp, & Van Den Hout, 1999; Chan, 1990; Sternberger & Burns, 1990; 

Rachman & Hodgson, 1980; Hodgson & Rachman, 1977).  The checking and cleaning subscales 

have high test-retest reliability, moderate levels of internal consistency, and can discriminate 

OCD participants from non-disordered and anxious individuals (Emmelkamp, Kraaijkamp, & 

Van Den Hout, 1999).  Consistent with previous research, reliability estimates for this sample for 

the cleaning subscale is .69, the checking subscale is .77, and overall is .81(Emmelkamp, 

Kraaijkamp, & Van Den Hout, 1999).  The other two factors that Hodgson & Rachman (1977) 

found have been problematic in terms of reliability and validity (Emmelkamp, Kraaijkamp, & 

Van Den Hout, 1999; Chan, 1990; Rachman & Hodgson, 1980); for this reason those subscales 

were not included in this study.      

 All participants were interviewed and diagnosed based on the Structured Clinical 

Interview for the Diagnostic and Statistical Manual of Mental Disorders - Fourth Edition, patient 

edition and personality disorder edition (SCID-IV and SCID-PD; American Psychiatric Press, 

1994).  The SCID-IV interviewing instrument is a reliable and valid tool used to determine 

current and lifetime Axis I diagnoses (Massion, Dyck, Shea, & Phillips, et al., 2002; Keel, 

Mitchell, Miller, & Davis et al., 1999).  The SCID-PD interviewing instrument is a reliable and 

valid tool used to determine personality disorders (Tenney, Schotte, Denys, van Megen, et al., 

2003; Maffei, Fossati, Agostoni, Barraco et al., 1997).  For this study, only the section on 

obsessive-compulsive personality disorder was used.  The interviewers for the undergraduate 

sample were junior and senior-level undergraduate psychology majors, who were trained 

extensively for one month on administering the SCID-IV and SCID-PD.  The interviewers for 

the community sample were two master-level clinicians who were also trained on administering 

the SCID-IV and SCID-PD.  To ensure that procedures were being followed as instructed, the 

author randomly observed interviews and double checked all scoring.  In addition, a random 

sample of 20 interviews were also rated by a second group of master-level clinicians blind to the 

study, inter-rater reliability across all diagnoses was good (k = .84).  Previous studies have had 

inter-rater reliability estimates from .49 to 1.00 for non-clinician interviewers (Tenney, et al., 

2003; Massion et al., 2002; Keel, et al., 1999). 
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 The diagnostic make-up of this sample is presented in Table 1.  Twenty-seven (9%) 

individuals met DSM-IV criteria for a mood disorder.  Forty-seven (15.6%) individuals met 

DSM-IV criteria for an anxiety disorder: obsessive-compulsive disorder (n=25), panic disorder 

(n=13), post-traumatic stress disorder (n=4), and anxiety disorder not otherwise specified (n=1). 

 Individuals were also diagnosed for lifetime history of an axis I mental disorder. Forty-

eight (16%) participants met criteria for a past mood disorder diagnosis. Thirty-four (11.3%) 

participants met criteria for past anxiety disorder: post-traumatic stress (n=8), panic disorder 

(n=12), obsessive-compulsive disorder (n=17), and alcohol-induced anxiety disorder (n=1).  

 

TABLE 1.  Diagnostic Characteristics of This Sample 

Psychological Disorder    Current Past     
Bipolar Disorder     2  5 
Major Depression     12  40 
Dysthymia      12  2 
Depressive Disorder NOS    1  1 
Panic Disorder      13  12 
Obessive Compulsive Disorder   25  17  
Post-Traumatic Stress Disorder   4  8  
Anxiety Disorder NOS    1  0 
Alcohol Induced Anxiety    0  1  
Obsessive-Compulsive Personality Disorder  66  0     
Note.  N = 300.      
 

The rates of OCD found in this sample are elevated and not representative of a general 

sample.  This was expected given the active soliciting of undergraduates and volunteers with 

OCD-related symptoms and histories.    

 The breakdown of each diagnosis by age, gender and ethnicity in percentages is presented 

in Table 2.  As can be seen, there were higher frequencies of anxiety disorders among individuals 

older than 21 years of age, females, and Caucasians (except for PTSD, there were more 

Hispanics and others with PTSD than Caucasians). 
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TABLE 2.  Percentages of Diagnoses by Age, Gender and Ethnicity 

    PD  OCD  PTSD  OCPD   
Age 

 ≤ 21   06%  10%  03%  18% 
 > 21   29%  44%  09%  53% 
Gender 
 Males   03%  12%  02%  16% 
 Females  12%  16%  06%  26% 
Ethnicity 
 Caucasian  10%  16%  04%  22% 
 African Am.  0  0  0  19% 
 Hispanic  03%  11%  06%  14% 
 Asian   0  14%  0  43% 
 Other   08%  0  08%  42%   
Note:  PD = Panic Disorder; OCD = Obsessive Compulsive Disorder; PTSD = Post-

Traumatic Stress Disorder;  ≤ 21 = 265; > 21 = 34; Male = 120; Female = 180; Caucasian 
= 229; African American = 16; Hispanic = 35; Asian = 7; Others = 12.    

 
 

 Since the sample consisted of two groups, an undergraduate group and a community 

group, Table 3 presents the percentages of diagnoses, age, gender and ethnicity of each group. 

The community group had a higher percentage of anxiety-disordered individuals than the 

undergraduate group.  As previously noted, the community sample has higher percentages than 

normal due to the active recruitment of individuals with anxiety disorders.  
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TABLE 3.  Characteristics of the Community and Undergraduate Groups in Percentages 

     Community  Undergraduate      
 Diagnoses 
  Panic Disorder  29%    06%   
  OCD   44%    10% 
  PTSD   09%    03% 
  OCPD   53%    18% 
 Age 

  ≤ 21   0    99% 
  > 21   100%    0 
 Gender 
  Male   35%    40% 
  Female   65%    59% 
 Ethnicity    
  Caucasian  88%    75% 
  African Am.  06%    06% 
  Hispanic  06%    12% 
  Asian   0    03% 
  Other   0    05%     

Note:  Community sample size = 34; Undergraduate = 266; OCD = Obsessive-
Compulsive Disorder; PTSD = Post-Traumatic Stress Disorder; OCPD = Obsessive-
Compulsive Personality Disorder. 

 
 

Among those with OCD, there were no significant differences between those with a 

current diagnosis of OCD and those with a past diagnosis of OCD on the MOCI [t (39) = .89; p 

=.43], the cleaning subscale of the MOCI [t (39) = .29; p = .77], and the checking subscale of the 

MOCI [t (39) =  .80; p= .43].  Since there were no significant differences between the current 

and past OCD groups, and because the goal was to assess the relation of the serotonin transporter 

gene to OCD (whether current or not), these groups were combined in the subsequent analyses.  

As Figure 1-3 and Table 4 show, the OCD group had higher scores on the MOCI scale [t (48.16) 

= -5.85; p <.01], the cleaning subscale [t (47.17) = -3.62; p<.01] and the checking subscale [t 

(45.58) =  4.89; p <.01] than the non-OCD group.   
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FIGURE 1.  MOCI Totals Across OCD Diagnoses   

 
 

 

 

 

 

 

 

 

 

 

 
 
FIGURE 2.  Cleaning Subscale Across OCD Diagnoses 
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FIGURE 3.  Checking Subscale Across OCD Diagnoses 
 
 
 
TABLE 4.  Means, Standard Deviations, of Non-, Current-, and Past- OCD groups 

 

OCD Diagnosis Means  SD   
    

MOCI Total 

Non-OCD  3.87  3.37   
Current  8.56  3.39 
Past   7.31  5.63 
   Cleaning Subscale 

Non-OCD  1.93  1.88 
Current  3.56  2.43 
Past   3.31  2.91 
   Checking Subscale 

Non-OCD  1.67  1.79 
Current  4.16  2.59 
Past   3.44  3.12 
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Participants donated their buccal cells by swabbing the inside of their cheeks in the 

presence of an experimenter.  They swabbed their cheek for 30 seconds using a standard brush, 

instructions and procedures.    Swabs with buccal cells were stored in a -20ºC freezer.   

DNA extraction was conducted by the QIAamp 96 DNA Swab BioRobot Kit.  

Polymerase chain reaction (PCR) amplification was performed on DNA extracted from the 

buccal cells.  Primers were 5'-GGCGTTGCCGCTCTGAATTGC and 5'-

GAGGGACTGAGCTGGACAADDDAD (Heils et al., 1996).  PCR was performed in a final 

volume of 50 µl containing 10 µl of buccal DNA extract, 27 µl of water, 1.5 µl Taq DNA 

polymerase, 2 µl of MgCl (50mM), 5 µl of 10x, 1µl of dNTP, 3 µl of betaine, and .25 µl of each 

primer.  Following an initial denaturation at 95ºC for 2 minutes, amplification was carried out for 

35 cycles consisting of the following steps: 95ºC for 1 minute, 58ºC for 1 minute, 72ºC for 1 

minute.  This was followed by an extension step of 72ºC for 5 minutes.  PCR products were 

resolved on a 2% agarose gel and stained with ethidium bromide.  Samples were coded so that all 

procedures were performed without knowledge of participant identity.  

Of the 300 participants, only 198 participants were genotyped.  Previous studies have had 

a higher success rate due to different methodology.  For example, Freeman, Smith, Curtis, 

Huckett, et al. (2003) were able to attain an 80% success rate of DNA extraction from 10 buccal 

swabs and of those a 95% PCR success rate. Anchordoquy, McGeary, Liu, Krauter, et al. (2003) 

were able to attain a 74% PCR success rate from 3 buccal swabs plus 10 ml of saliva.  In this 

study, only 2 buccal swabs were attained for each participant yielding a 66% PCR success rate. 

Given the large sample of non-genotyped individuals, t-tests were conducted comparing 

those typed and not typed.  There were no significant differences between those individuals 

genotyped and not genotyped on age [t (297) = -1.30; p =.20], gender [X2 (1) = .20; p = .65], 

ethnicity [X2 (4) = 3.26; p = .52], OCD diagnosis [X2 (1) = .64; p = .42], Panic disorder [X2 (1) = 

.57; p = .45], PTSD diagnosis [X2 (1) = 1.43; p = .23], OCPD diagnosis [X2 (1) = 1.02; p = .31], 

Mood disorder diagnosis [X2 (1) = .18; p = .68], Dysthymia diagnosis [X2 (1) = .02; p = .89], 

Major Depression diagnosis [X2 (1) =.29; p = .59], Bipolar diagnosis [X2 (1) = .25; p = .62], 

MOCI total [t ( 293) = -.41; p = .68], MOCI cleaning subscale [t (293) = .09; p =.93], and  MOCI 

checking subscale [t (293) = -.55; p = .59].  There was one significant difference between those 

genotyped and those not genotyped on Depression NOS diagnosis, where there were more 

individuals with Depression NOS diagnosis that were not genotyped [X2 (1) = 3.90; p < .05]. 
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The genotyped sample consisted of 81 (41%) males and 117 (59%) females.  The ethnic 

composition of the sample was 77% Caucasian, 5% African American, 11% Hispanic, 3% Asian 

and 3% Other.  The allelic distribution for Caucasians was 23% s/s, 72% s/l, and 5% l/l; for 

African Americans was 9% s/s, 45% s/l, and 45% l/l; for Hispanics 14% s/s, 71% s/l, and 14% 

l/l; for Asians 0% s/s, 66.7% s/l, and 33% l/l. The diagnostic make-up of the genotyped sample is 

presented in Table 5.  As can be seen there, 9% of the sample met criteria for a mood disorder, 

17 % met criteria for an anxiety disorder, and 24% of the sample met criteria for OCPD.  

Individuals were also diagnosed for lifetime history of a mental disorder.  16% of the sample met 

criteria for a past mood disorder and 12% met criteria for a past anxiety disorder. 

      

TABLE 5.  Diagnostic Characteristics of the Genotyped Sample 

Psychological Disorder          Current          Past   
Bipolar Disorder     2  2 
Major Depression     8  28 
Dysthymia      8  1 
Panic Disorder      11  9 
Obessisive-Compulsive Disorder   19  11 
Post – Traumatic Stress Disorder   3  3 
Anxiety Disorder – NOS    0  0 
Alcohol Induced Anxiety    0  0   
Obsessive-Compulsive Personality Disorder  47     
Note. N = 198. 

  

The breakdown of each of the main anxiety diagnoses by age, gender, and ethnicity in 

percentages is presented in Table 6.  There were more anxiety disorders among individuals older 

than 21 years of age, females and Caucasians. 
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TABLE 6.  Percentages of Diagnoses by Age, Gender and Ethnicity of the Genotyped Sample 

     PD  OCD  PTSD  OCPD   
Age 
 ≤ 21    07%  10%  02%  19% 
 > 21    30%  48%  11%  56% 
Gender 
 Males    05%  09%  01%  17% 
 Females   14%  20%  04%  28% 
Ethnicity  
 Caucasian   12%  17%  04%  24% 
 African American  0  0  0  27% 
 Hispanics   05%  14%  0  19% 
 Asians    0  100%  0  50% 
 Other    0  0  0  17%   
Note:  PD = Panic Disorder; OCD = Obsessive-Compulsive Disorder; PTSD = Post-Traumatic 
Stress Disorder; OCPD = Obsessive-Compulsive Personality Disorder; ≤ 21 = 170; > 21 = 27; 
Males= 81; Females = 117; Caucasians = 153; African American = 11; Hispanic = 21; Asians = 
6; Other = 6. 
 
  

Since the sample consisted of two groups, an undergraduate group and a community 

group, Table 7 presents the percentages of diagnoses, age, gender and ethnicity within each 

group.  Similar to the breakdown of the entire sample, the community group had a higher 

percentage of anxiety-disordered individuals than the undergraduate group.  As previously noted, 

the community sample had higher percentages than normal due to the active recruitment of 

individuals with anxiety disorders. 

 Among the genotyped sample and those with OCD, there were no significant differences 

between those with a current diagnosis of OCD and those with a past diagnosis of OCD on the 

MOCI [t (13) = -.12; p = ns], the cleaning subscale [ t (27) = .02; p = ns] and the checking 

subscale [ t (26) = -1.05; p = ns].  Since there were no significant differences between the current 

and past OCD groups, these groups were combined in the subsequent analyses. 
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TABLE 7.  Characteristics of the Community and Undergraduate Groups in Percentages 
 
     Community  Undergraduates    
Diagnoses 
 PD    30%    07% 
 OCD    48%    10% 
 PTSD    11%    02% 
 OCPD    56%    19% 
Age 
 ≤ 21    0    100% 
 > 21    100%    0 
Gender  
 Male    37%    41% 
 Female    63%      59% 
Ethnicity 
 Caucasian   89%    76% 
 African American  04%    05% 
 Hispanic   07%    11% 
 Asian    0    04% 
 Other    0    04%     
Note:  Community sample size = 27;  Undergraduate = 170; PD = Panic Disorder; OCD = 
Obsessive-Compulsive Disorder; PTSD = Post-Traumatic Stress Disorder. 
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STATISTICAL ANALYSES 

Gelernter, Cubells, Kidd, Pakstis et al. (1999) found that the frequencies of various 

alleles differ based on ethnicity and suggest that ethnicity should be taken into consideration 

when conducting analyses on alleles. For this reason, the following analyses were separated by 

ethnic group.  Given the different sample sizes of the ethnic groups, analyses were only 

conducted on Caucasians and Hispanics. 

Hypotheses were originally constructed comparing anxiety disorders without OCD to non 

disordered individuals.  However after genotyping, the anxiety disordered without OCD group 

consisted of 20 panic disordered individuals and 6 PTSD individuals.  Since there were only 6 

PTSD individuals they were eliminated and the anxiety disordered without OCD group was 

renamed the panic disordered group. 

Hypothesis 1--  In order to test the prediction that polymorphisms of the serotonin 

transporter gene will differentiate panic disordered individuals without OCD from non-

disordered controls and that there will be higher frequencies of the homozygous short allele 

among panic disordered individuals when compared to non-disordered individuals, a chi-square 

analysis was computed.  The genotype variable was coded as 1 = s/s and 2 = s/l and l/l.  The 

second variable was coded as 1 = non-disordered individuals and 2 = panic disordered 

individuals without OCD.   

A chi-square was first computed for Caucasians and results did conform to the predicted 

hypothesis. The polymorphisms of the serotonin-transporter gene did differentiate panic 

disordered from non-disordered individuals [X2 (1) = 4.82; p = .03]. The expected and observed 

counts can be seen in Table 8.  Since the chi-square was significant, Cramer’s Phi was calculated 

as a measure of the degree of association between the disordered variable and the genotype 

variable.  This correlation was significant (ϕ c = .23; p <.03).  It is important to note that unlike 

the correlations in parametric statistics, Cramer’s phi ranges from 0 to + 1.00, and the sign does 
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not represent a positive or negative association. A similar chi-square could not be computed for 

Hispanics or any other ethnic group due to their small sample size.   

 
TABLE 8. Chi Square Observed and Expected Counts for Caucasians (Panic vs. Non-

Disordered) 
 

11 64 75

14.4 60.6 75.0

7 12 19

3.6 15.4 19.0

18 76 94

18.0 76.0 94.0

Count

Expected Count

Count

Expected Count

Count

Expected Count

1.00

2.00

1=nondisordered;

2=panic disorder

Total

1.00 2.00

1=s/s; 2=s/l and l/l

Total

 

 

 

 

Hypothesis 2 -- It was predicted that polymorphisms of the serotonin transporter gene 

would differentiate OCD individuals from non-disordered controls, where there would be higher 

frequencies of the s/s allele among the OCD individuals when compared to non-disordered 

controls. A chi-square was computed where the OCD variable was coded as 1 = non-disordered 

individuals and 2 = OCD individuals.  The genotype variable was coded as 1 = s/s and 2 = s/l and 

l/l. 

A chi-square was computed for Caucasians only, and this was significant [X2 (1) = 4.79; 

p <.05].  There were significant differences in allele frequencies between OCD and non-

disordered individuals, where 29% of the OCD individuals had a s/s allele and only 12% of the 

non-disordered individuals had the s/s allele. The observed and expected counts are presented in 

Table 9. Since the chi-square was significant, Cramer’s Phi was calculated and significant (ϕ c = 

.19; p <.05).  A chi-square analysis was unable to be computed for Hispanics given the small 

sample size and two cells containing no individuals. 
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TABLE 9. Chi-Square Observed and Expected Counts for Caucasians (OCD vs. Non-
Disordered) 

 

12 91 103

15.7 87.3 103.0

8 20 28

4.3 23.7 28.0

20 111 131

20.0 111.0 131.0

Count

Expected Count

Count

Expected Count

Count

Expected Count

1.00

2.00

1=non disordered

controls; 2=OCD

Total

1.00 2.00

1 = s/s and 2 = s/l and

l/l

Total

 

 

 

Hypothesis 3 -- As an exploratory analysis, a chi-square was computed to investigate 

whether allelic variations on the serotonin transporter gene differentiated OCD individuals from 

other anxiety-disordered individuals, in this case just panic disordered. The genotype variable 

was coded as 1=s/s and 2 = s/l and l/l.  The disordered variable was coded as 1= OCD and 2= 

Panic disordered without OCD.  For Caucasians, the chi-square was not significant [X2 (1) = .28; 

p =.60]. The observed and expected counts can be seen in Table 10.  A chi-square was not 

computable for Hispanics due to their small sample size.  

 

TABLE 10.  Chi-Square Expected and Observed Counts for Caucasians (OCD vs. Panic)    

8 18 26

8.7 17.3 26.0

4 6 10

3.3 6.7 10.0

12 24 36

12.0 24.0 36.0

Count

Expected Count

Count

Expected Count

Count

Expected Count

1.00

2.00

ocd = 1; panic

= 2

Total

1.00 2.00

1=s/s; 2=s/l and l/l

Total

 

 

 

 

Hypothesis 4 –   It was hypothesized that the two short allele variant would be 

particularly common among OCD and panic disordered individuals as compared to non-

disordered individuals.  To test this prediction, a chi-square was computed, where the disorder 

variable was coded as 1 = non-disordered and 2 = disordered.  The genotype variable was coded 

as 1 = s/s,  2 = s/l and l/l.  Using only Caucasians, the chi-square analysis was significant [X2 (1) 
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= 5.16; p = .02] and results did conform to the hypothesis.  Since the chi square was significant, a 

Cramer’s Phi was calculated and also significant (ϕ c = .22; p <.02). The expected and observed 

counts can be seen in Table 11.  A chi-square analysis was unable to be computed for Hispanics 

given the small sample size and two cells containing no individuals. 

 

TABLE 11.  Chi-Square Observed and Expected Counts for Caucasians (OCD + Panic vs. Non-
Disordered) 

 

11 64 75

15.5 59.5 75.0

12 24 36

7.5 28.5 36.0

23 88 111

23.0 88.0 111.0

Count

Expected Count

Count

Expected Count

Count

Expected Count

1.00

2.00

1 = nondisordered;

2= ocd and panic

Total

1.00 2.00

1=s/s; 2=s/l and l/l

Total

 

 

 

Another chi- square analysis was computed comparing OCD individuals with non-

disordered individuals and using the same genotype variable.  For Caucasians only, the chi-

square was significant [X2 (2) = 11.19; p < .01] where the OCD group had a higher percentage of 

s/s alleles (29%) than the non-disordered group (15%). In addition, the non-disordered group had 

a higher percentage of individuals with the s/l allele (81%) than the OCD group (58%).  The 

expected and observed counts are presented in Table 12.  Since the chi-square was significant, 

Cramer’s Phi was calculated as a measure of the degree of association between the disordered 

variable and the genotype variable.  This correlation was significant (ϕ c = .34; p <.01).  It is 

important to note that unlike the correlations in parametric statistics, Cramer’s phi ranges from 0 

to + 1.00, and the sign does not represent a positive or negative association.   
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TABLE 12.  Chi-Square Expected and Observed Counts for Caucasians (OCD vs. Non-
Disordered) 

 

11 61 3 75

13.6 56.8 4.5 75.0

7 14 3 24

4.4 18.2 1.5 24.0

18 75 6 99

18.0 75.0 6.0 99.0

Count

Expected Count

Count

Expected Count

Count

Expected Count

1.00

2.00

1=non disordered

controls; 2=OCD

Total

s/s s/l l/l

genotype on serotonin transporter

gene

Total

 

 

Another chi-square was computed for panic disordered individuals without OCD and 

non-disordered individuals, with the same genotype variable.  The chi-square was not significant 

[X2 (2) = 5.04; p = .08].  The observed and expected counts are presented in Table 13. 

 

TABLE 13.  Chi-Square Expected and Observed Counts for Caucasians (Panic vs. Non-
Disordered) 

 

11 61 3 75

14.4 57.4 3.2 75.0

7 11 1 19

3.6 14.6 .8 19.0

18 72 4 94

18.0 72.0 4.0 94.0

Count

Expected Count

Count

Expected Count

Count

Expected Count

1.00

2.00

1=nondisordered;

2=panic disorder

Total

s/s s/l l/l

genotype on serotonin transporter

gene

Total

 

 

 

 

Given the small sample size, no analyses could be computed for Hispanics. 

 

Hypothesis 5 -- Obsessive-Compulsive Personality Disorder (OCPD) – An exploratory 

analysis was conducted to test if there were differences in allelic frequencies among OCPD and 

non-OCPD individuals.  It is important to note that all OCD individuals met criteria for OCPD 

and were excluded in these analyses.  A chi-square was computed for Caucasians only and was 



 

28 

not significant [X2 (1) = 3.09; p = .07].  The observed and expected counts can be seen in Table 

14.  Due to the small sample size, a chi-square could not be computed for Hispanics. 

 
TABLE 14.  Chi-Square Expected and Observed Counts for Caucasians (OCPD vs. Non-

Disordered) 
 

26 83 109

23.2 85.8 109.0

1 17 18

3.8 14.2 18.0

27 100 127

27.0 100.0 127.0

Count

Expected Count

Count

Expected Count

Count

Expected Count

never

current

ocpd diagnosis

with scid-II

Total

1.00 2.00

1 = s/s and 2 = s/l + l/l

Total

 

 

 

 

 
 Mood Disorders – Given the extensive data on the relationship between mood disorders 

and allelic variation on the serotonin transporter gene, chi-square analyses were also conducted 

as a replication of the existing literature.  A meta-analysis of the depression and serotonin 

transporter gene studies has shown that depressed individuals are more likely to have the s/s 

genotype than non-disordered individuals (Brown & Joiner, in preparation).  The genotype 

variable was 1=s/s and 2 = s/l and l/l.  A chi-square was computed for Caucasians, this time 

looking at depression alone as compared to non-disordered individuals with the same genotype 

variable as above.  The chi-square analysis was not significant but a non-significant trend did 

emerge where there were more depressed individuals with the s/s allele (31%) than non-

depressed individuals [21%; X2 (1) = 1.64; p = .20].  The observed and expected counts can be 

seen in Table 15.  A chi-square could not be computed for Hispanics due to their small sample 

size. 

 

 
 
 
 
 
 
 



 

29 

TABLE 15.  Chi-Square Expected and Observed Counts for Caucasians (Depression vs. Non-
Disordered) 

 

25 96 121

27.7 93.3 121.0

10 22 32

7.3 24.7 32.0

35 118 153

35.0 118.0 153.0

Count

Expected Count

Count

Expected Count

Count

Expected Count

.00

1.00

recoded depression

dx into 0 = never 1 =

depressed past and

current

Total

1.00 2.00

1 = s/s and 2 = s/l + l/l

Total
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DISCUSSION 

 In this study, it was hypothesized that anxiety disordered and OCD individuals would 

have higher frequencies of the homozygous short allele when compared to non-disordered 

individuals.  Analyses did conform to the hypotheses.  After data collection, the anxiety 

disordered without OCD group turned out to consist mainly of panic disordered individuals.  It 

was hypothesized that individuals with panic disorder would also have higher frequencies of the 

homozygous short allele than non-disordered individuals.  Analyses also conformed to the 

hypothesis. It was also hypothesized that the panic disordered and OCD individuals would have 

higher frequencies of the s/s genotype when compared to non-disordered individuals. The 

analyses also conformed to the hypothesis.  Finally, when comparing the panic disordered group 

to the OCD group on allelic variation, there were no significant differences.    

Several exploratory analyses were also conducted to compare Major Depression and 

OCPD diagnosis with non-disordered individuals on allelic variations.  Analyses revealed no 

significant differences between those disordered and the non-disordered individuals on allelic 

variation for OCPD diagnosis.  A non-significant trend did emerge for Major Depression, where 

there was a higher percentage of depressed individuals with the homozygous short genotype than 

non-depressed individuals, replicating the findings of existing literature (Brown & Joiner, Jr., in 

preparation). 

 The main finding in this study was that the OCD individuals had a higher frequency of 

the homozygous short genotype than the non-disordered group.  These findings are important for 

several reasons.  First, the previous literature on OCD and the serotonin transporter gene has 

mixed findings.  These findings support those studies that have found the s/s genotype to be 

more frequent among OCD individuals than non-disordered individuals (Brown & Joiner, in 

preparation; McDougle et al., 1998).  These findings are also consistent with the depression and 

other anxiety-disorders literatures that have found higher frequencies of the homozygous short 

allele among depressed and anxiety disordered when compared to non-disordered individuals 

(Lesch et al., 1996; Brown & Joiner, Jr., in preparation).  Second, based on the data from this 

study, an individual with a s/s allele will have a 40% chance of having OCD.  This means that by 
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genotyping an individual, mental health professionals can be informed about the likelihood of the 

client developing OCD and can implement preventative measures.  Third, knowledge of client’s 

genotype on the serotonin transporter gene can also inform treatment response to SSRIs.  Past 

research has found that individuals with the s/s allele on the serotonin transporter gene have a 

poor response to SSRIs when compared to individuals with the same disorder who have s/l or /l 

alleles on the serotonin transporter gene (Perlis, Mischoulon, Smoller, Wan, et al., 2003; Rausch, 

Johnson, Fei, Li, et al., 2002).  The poor response to treatment might in part be due to higher 

incidences of side effects for individuals with the s/s allele (Perlis et al., 2003).  Mental health 

professionals who know their client’s genotype is s/s for the serotonin transporter gene might 

want to use medications other than SSRIs for treatment.  Finally, the convergence of the s/s allele 

being more associated with OCD, panic disorder, other anxiety disorders, depression and suicide 

lends support to the idea of general genes leading to psychopathology.  The serotonin transporter 

gene may be one of those general genes, that with the s/s allele can lead to various mental 

disorders. 

Given the discrepant findings in the literature, could the association found in this study be 

a spurious finding?  This is very unlikely when taking into consideration the base rates of OCD 

and the homozygous short genotype.  OCD affects a very small percentage of the U.S. 

population (2.3%) and the allelic distribution on the serotonin transporter gene in the U.S. 

follows the Hardy-Weinburg equilibrium, where 19% of the population tends to have the s/s 

allele.  Given that the OCD group had an almost 30% homozygous short allele frequency 

suggests that the association between the homozygous short allele and OCD was not simply due 

to chance.  

But why the discrepant findings among different studies?  One possible explanation 

might be comorbidity.  Cavallini, Di Bella, Siliprandi, Malchiodi et al. (2002) studied allelic 

variations on the serotonin transporter gene among OCD and non-disordered individuals, but 

controlled for Tic disorders, which tend to be highly comorbid among OCD individuals.  When 

they controlled for Tic disorders, they found that only the comorbid group (OCD + Tic) had 

higher frequencies of the homozygous long genotype.  The non-comorbid OCD group had no 

significant differences in allelic variation when compared to non-disordered controls.  Most of 

the studies looking at the association between OCD and the serotonin transporter gene have not 

controlled for Tic disorders (Bengel et al., 1999; Billet et al., 1997).  In this study, none of the 
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OCD individuals had a Tic disorder.  Thus, comorbidity might explain some of the varied 

findings.   

Another possibility that might explain the discrepant findings in the literature is that OCD 

has only been analyzed as a dichotomous diagnostic classification.  Following the DSM-IV 

classification system, individuals can have obsessions, obsessions and compulsions, or just 

compulsions.  However, none of the literature has analyzed the allelic frequencies based on these 

three groups, perhaps due to small sample size.  In addition, analyzing OCD based on the content 

of the obsession might prove more useful when looking across allelic frequencies.  For example, 

there might be allelic differences among those who have hoarding obsessions and compulsions, 

versus those who have somatic obsessions and compulsions.  In fact, Cavillini et al. (2002) factor 

analyzed OCD individuals’ scores on the Yale-Brown Obsessive-Compulsive Scale and found 

that only the factor containing counting and repeating rituals was associated with the 

homozygous long genotype.  Further investigation into OCD as a spectrum disorder might prove 

beneficial when looking at allelic variation on the serotonin transporter gene.  This might be an 

excellent avenue for genetics to improve the classification system of OCD. 

Besides clinical implications, these findings also provide significant conceptual 

implications.  The homozygous short genotype results in less serotonin uptake, resulting in more 

serotonin in the synaptic region.  This leads to the question as to why selective serotonin 

reuptake inhibitors (SSRIs), which are thought to allow for more serotonin in the synaptic region, 

work with OCD individuals?  It is possible that SSRIs may affect the amino acid 

neurotransmitters at the presynaptic axon which somehow corrects or influences the 

transcriptional inefficiency of those OCD individuals with the homozygous short genotype. For 

example, SSRIs might affect the glutamate or GABA receptors, which are associated with 

learning and memory, attention, ability to filter out irrelevant thoughts, and motor systems.  

These are all weaknesses that OCD individuals tend to demonstrate (Christensen, Kim, Dysken, 

& Hoover, 1992; Boone, Ananth, Philpott, Kaur, & Djenderedjian, 1991; Martinot, Allilaire, 

Mazoyer, Hantouche, et al., 1990; Insel, Donnelly, Lalakea, Alterman, & Murphy, 1983). 

Based on these findings, the short allele on the serotonin transporter gene is not a 

necessary or sufficient cause of OCD but might be a contributory cause of OCD for several 

reasons.  First, it is not necessary to have the homozygous short allele in order to have OCD.  

There are individuals with OCD who do not have the homozygous short genotype.  Second, the 

homozygous short genotype is not sufficient to cause OCD because there are individuals who 
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have the homozygous short genotype that do not have OCD.  However, there is a higher 

frequency of individuals with OCD with the homozygous short genotype and SSRIs are effective 

in treating people with OCD (Nathan & Gorman, 1998), thus this suggests that having the short 

genotype on the serotonin transporter gene does contribute to having OCD.  This contributory 

effect might occur within a multigenic model that leads to OCD.  

Another conceptual implication to these findings is that etiologically, if OCD has higher 

frequencies of the short allele, this places OCD in the same spectrum with depression, suicide 

and some anxiety-related personality traits.  Perhaps on the serotonergic pathway, OCD, 

depression, suicide and some anxiety-related personality traits come from a multifinality etiology 

that leads to these different disorders.  The different outcomes might be determined by the 

influence of other genes and environmental factors.  For example, in OCD there have been 

studies to find that DAT1, a dopamine transporter gene, also might be associated with OCD 

(Rowe, Stever, Gard, Cleveland, et al., 1998).  In addition, another study found that the alleles of 

the gene catechol-O-methyltransferase (COMT), a modulator of dopaminergic and noradrenergic 

neurotransmission and which reduces enzyme activity by 3 to 4 times, was also associated with 

OCD (Karayiorgou, Altemus, Galke, Murphy, et al., 1997).  Thus, perhaps OCD can be seen 

when there is a transcriptional inefficiency in the serotonin transporter gene, combined with the 

10-repeat allele in the DAT1 and lower COMT activity.  Future research should investigate the 

allelic frequencies of OCD, depression and suicide on all three genes, DAT1, COMT and 

serotonin-transporter gene.  A multigenic approach might start to tease apart what genetic 

combinations are necessary to have OCD.   

Several important limitations exist which should be considered when reviewing these 

findings.  The first major limitation is that only 66% of the sample was able to be genotyped. 

Different methodology could have improved the success rate.  For example, Freeman et al. 

(2003) and Anchordoquy et al. (2003) both used 10 swabs per participant which yielded higher 

success rates of DNA extraction, whereas only 2 swabs were used in this study.  In addition, 

Anchordoquy et al. (2003) placed the buccal swabs in a lysis buffer and then added 10 ml of the 

participant’s saliva before DNA extraction.  This procedure was not conducted in the present 

study.  Both studies (Anchordoquy, et al., 2003; Freeman et al., 2003) extracted the DNA from 

the swabs within one week of collection.  In this study, DNA extraction occurred within one to 

three months of collection.  Another possible way to improve the genotype success rate was to 

have the experimenters swab the participants’ cheek rather than the participant swabbing their 
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own cheeks.  In communication with Pamela Keel, she conducted a study following the exact 

same protocol as this study with the only difference being that the experimenters swabbed the 

participant’s cheeks.  This difference yielded her a 100% genotype success rate.  Overall, a 

variety of different procedures could have been done to improve the genotype success rate. 

 Besides the relatively low percentage of individuals genotyped, another limitation to this 

study was the lack of participants carrying the l/l genotype.  Several possibilities might account 

for the small number of l/l individuals.  First, the sample may not of been representative simply 

due to chance.  Second, a good portion of the non-genotyped sample may have been carrying the 

l/l allele.  Finally, a good portion of the minorities has the l/l alleles, by limiting analyses to only 

Caucasians also eliminated a good portion of the l/l alleles. Regardless of the reasons for the 

small number of individuals carrying the l/l allele, this limitation may have hindered the ability 

to find significant differences in allelic frequencies across the disordered and non-disordered 

groups.  The lack of l/l genotypes in this sample compromised the variability of the allelic 

frequencies.  Despite this limitation, there were still significant differences in allelic frequencies 

between the OCD group and the non-disordered group. 

 A third limitation to this study was the small number of minority participants.  Most 

analyses were conducted on a Caucasian sample alone.  The lack of minorities hindered the 

ability to study allelic variations among different ethnic populations. 

 Finally, a larger sample of individuals with psychopathology would have strengthened 

the results of this study.  These limitations might possibly account for the lack of significant 

differences in allelic frequencies among the disordered and non-disordered groups. 

 Future research should consider incorporating one of the above-mentioned procedures to 

increase the success rate of the DNA extraction and/or PCR amplification.  In addition, future 

research should incorporate a life stress measure, as Caspi, Sugden, Moffitt, Taylor, et al. (2003) 

found that life stress moderated the relationship between the serotonin transporter gene and 

depression.  In addition, personality measures should be included in future studies looking at 

OCD and the serotonin transporter gene.  Greenberg, Li, Lucas, Hu, et al. (2000) found that 

neuroticism, a personality trait related to anxiety and depression, was associated with higher 

frequencies of the short allele when compared to other personality traits.  It might be possible 

that the relationship between the serotonin transporter gene and OCD could be 

moderated/mediated by neuroticism. 
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 In conclusion, an extensive amount of research is still necessary in investigating the role 

of the serotonin transporter gene in OCD individuals.  This study found that non-comorbid OCD 

individuals tended to have a higher percentage of the homozygous short genotype than non-

disordered individuals, despite the low sampling of participants with the homozygous long 

genotype.  This finding has significant clinical and conceptual implications.  These findings can 

now be added to a growing literature that has varied findings on the association between OCD 

and the allelic variation on the serotonin transporter gene.     
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FOOTNOTE 

1.  Unless otherwise stated, all of the following information is obtained from the Diagnostic and 

Statistical Manual of Mental Disorders – Fourth Edition (DSM-IV). 
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