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Abstract

Rationale—Possible genetic correlates of spirituality and depression have been identified in 

community samples. We investigate some of the previously identified candidates in a sample of 

families at both high and low-risk for depression.

Method—Offspring and grandchildren of individuals at high and low-risk for depression, 

participating in a multi-wave thirty-year longitudinal study, were assessed for seven SNPS drawn 

from four single gene candidates associated with systems implicated in both depression and 

spirituality: Serotonin (5-HT1B and 5-HT2A), Dopamine (DRD2), Oxytocin (OT) and 

Monoamine Vesicular Transporter (VMAT1).

Results—Dopamine (DRD2) Serotonin (5-HT1B), their Transporter (VMAT1) and Oxytocin 

(OXTR) were positively associated with a high level of importance of spirituality or religion (S/R) 

in the group at low familial risk for depression. DRD2 minor allele was associated with both 

lifetime major depressive disorder (MDD) and spirituality in the low-risk group for depression. No 

SNPs were related to S/R in the group at high familial risk for depression. OXTR was associated 

with lifetime MDD in the full sample.

Conclusion—Genes for dopamine, serotonin, their vesicular transporter, and oxytocin may be 

associated with S/R in people at low familial risk for depression. Genes for dopamine may be 

associated both with S/R and increased risk for depression in people at low-risk for depression, 

suggesting a common pathway or physiology to mild to moderate depression. MDD is associated 

with oxytocin across risk groups. In the high-risk group, phenotypic expression of S/R may be 

suppressed.
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Implications—The shared association of DRD2 by S/R and depression, generally found to be 

inversely related, calls for further research on their common physiological pathways, and the 

phenotypic expression of these pathways based upon use and environment. Prevention for 

offspring at high familial risk for depression might include support for the development of child 

spirituality.

A large literature over the past twenty years shows protective benefits of spirituality against 

depression (for reviews, see Van Ness & Larsen, 2002; Koenig, 2009). Depression and 

spirituality have been shown to share multiple physiological risk factors, including the 

preliminary suggestion of common genetic markers for risk (Smith, McCullough, & Poll, 

2003). In this study we investigate a sub-set of those genetic markers that in previous studies 

have been linked both with depression and with spirituality (Perroud, 2009).

Whereas the majority of research has examined genetic links to depression and spirituality in 

community and convenience samples, the current study investigates these genes in a “high-

risk” sample, namely a sample of adult offspring and grandchildren of people who had 

severe depression and matched controls (Weissman et al, 2016) offering a smaller sample 

size but a stronger “signal” for a link between any single gene and its phenotype. Previous 

research has shown that risk for depression differs by parental risk status–that is, individuals 

with a parent or grandparent diagnosed with depression are at least 2 to 3 times as likely to 

become depressed than children without a depressed parent (Klein et al, 2002; Lieb et al, 

2002; Weissman et al, 2006). Further, this intergenerational risk is greatest for children with 

both a depressed grandparent and parent (Weissman et al, 2016).

As a field of inquiry single gene analysis has burgeoned over the past fifteen years (Ropers, 

2010), offering etiological clues and markers for pathogenic processes but relatively small 

magnitude of an association with diagnosis. The largest effect sizes of genome-wide 

association studies (GWAS) account for a relatively small portion of the variance in both 

diagnosis of psychopathology and psychological traits (Park et al, 2011). That said, single 

gene analyses often indicate pathways that might be examined and common ground between 

seemingly divergent diagnoses or conditions. Likewise, the study of the genetic 

underpinnings of positive traits has thus far stemmed largely from candidate gene analysis 

(Moore et al, 2015).

The candidate genes that we investigate for a relationship between depression and 

spirituality in this high-risk sample were drawn from the previously published research on 

single gene candidates. Here we briefly review the literature associated with each single 

gene candidate that we assessed as potentially related to depression and spirituality and then 

present the results of the assessment that are driven by three research questions:

1. What are the single-gene correlates of spirituality?

2. What are the single-gene correlates of depression?

3. Are there differential associations by risk status?
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Potential Candidate Single Genes for Spirituality and Depression

Oxytocin

Oxytocin (OT) is a nonapeptide signaling molecule that assists with human neuromodulation 

of social behavior, bonding, adaptation to stress, and reproduction. A large body of research 

exists on the oxytocin receptor gene (OXTR) and its association with social function, 

capacity for bonding, and related dysfunction indicated in pathology such as autism, 

depression, and schizophrenia (see Feldman, Monakhov, Pratt, & Ebstein, 2016 for review). 

The OXTR SNP rs2254298 (9073A>G), in particular, has been examined, with several 

studies demonstrating the link between its allelic variation and autism in Japanese, Israeli, 

and Caucasian samples (Jacob et al, 2007; Lerer et al, 2008; Liu et al, 2010). Costa et al 

(2009) examined genotypic distributions of rs2254298 and found that in a group of 

individuals with unipolar depression, there were a reduced number of A-allele carriers. In 

this same study, GG homozygotes showed high scores on subscales of need for approval, 

self-esteem, and adult separation anxiety, previously associated with depression.

As with other OXTR SNPs, the minor A allele of rs2254298 has also been associated with 

increased severity of symptoms in patients with anorexia nervosa and bulimia nervosa, as 

compared with healthy controls (Acevedo et al, 2015). In addition to allelic variation of the 

SNP, haplotypes with rs2254298 have shown associations with positive and negative affect 

and emotional loneliness in adults (Lucht et al, 2009), and high callous-unemotional traits, a 

developmental precursor to psychopathy, in children (Dadds et al, 2013).

OT has been associated with social behavior such as social affiliation, empathy, parental 

bonding, and stress regulation (for a review, see Aspé-Sánchez et al, 2016). Due to its 

apparent role in social affiliation and behavior, rs2254298 has also been examined as a 

moderator in the relation between religiosity and psychological distress, with the 

homozygote GG genotype driving an association between religiosity and increased 

psychological distress in a European American sample (Sasaki, Kim, & Xu, 2011). In 

another study by Sasaki and colleagues (2015), genetic moderation of the OXTR 

polymorphism influenced the impact of religious priming on self-control, such that 

individuals with the homozygote GG genotype showed greater increases in self-control than 

individuals with AA or AG genotypes after receiving religious cues in a social context. 

Finally, in a recent study on the effects of intranasal OT administration and self-reported 

spirituality, OT administration was shown to increase spirituality in males and this effect was 

moderated by OT-related genotypes (Van Capellen, Way, Isgett & Fredrichson, 2016).

Serotonin

To attract ongoing attention within psychopharmacologic research, the serotinergic system 

has been implicated in both pathology and personality, albeit the mechanisms of its role in 

the development of either are not straightforward. In imaging studies, it has been established 

that serotonin receptor binding potential is reduced in the brains of depressed individuals as 

compared with controls (Bhagwagar et al, 2004; Drevets et al, 1999, 2007; Murrough et al, 

2011), reduced serotonin binding potential has been associated with serotonin receptor gene 

polymorphisms (Baldinger et al, 2015), and serotonin polymorphisms are associated with 
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Major Depressive Disorder (Kishi et al, 2013). However, the inverse of these findings has 

recently been supported (for review, see Kaufman et al, 2016), making apparent the 

complexity of the relationship between serotonin, 5-HT receptors, and depression, yet still 

lending support to the centrality of the system.

One SNP of interest, 5-HT2A receptor gene polymorphism rs6311, modulates HTR2A 

promoter activity, such that activity is greater in the presence of the A allele relative to the G 

allele (Parsons et al, 2004), and leads to greater transcriptive efficiency (Smith et al, 2013). 

Candidate gene-based and transmission disequilibrium association studies have shown that 

rs6311 may also have clinical significance and is associated with psychiatric disorders and 

related phenotypes, such as panic disorder (Unschuld et al, 2007), obsessive compulsive 

disorder in individuals with Tourette’s Disorder (Dickel et al. 2007), and early onset 

Obsessive Compulsive Disorder in children and adolescents (Walitza et al, 2012). Giegling 

et al (2006) observed that haplotypes with the T allele of rs6311 and single functional (T) 

markers at rs6311 were protective against suicidal behavior, and CC-homozygotes reported 

more anger and aggression-related behavior. The association between genotypic variation 

and phenotypic expression of suicide, anger, and aggressive behavior was further supported 

in Saiz and colleagues’ (2008) study in which the A allele was over-represented in non-

impulsive suicide attempters, as compared to impulsive suicide attempters and healthy 

controls.

Although meta-analyses have conflicting conclusions on the association between rs6311 and 

unipolar and bipolar depression (Gu et al, 2013; Jin et al, 2013; Lin et al, 2014; Zhao et al, 

2014), there has been meta-analytical support for other 5-HTR2A variants and MDD (Lin et 

al, 2014), risk for schizophrenia conferred by the -1438A/G polymorphism of rs6311 (Gu et 

al, 2013) and pilot data support for association with post-partum depression (El-Ibiary et al, 

2013).

Like the 5-HT2A receptor gene, 5HT1B receptor genes modulate activity in the promoter 

region through influence on transcription of the gene. They do so by increasing the binding 

of transcription factors, thereby increasing the transcription of the downstream coding region 

(Huang et al, 1999). 5-HT1B receptor genes have been extensively studied and are 

associated with depression (Huang et al, 2003), impulsivity (Stoltenberg, Christ, & 

Highland, 2012; Varga et al, 2012;), ADHD (for review, see Caylak, 2012), aggression 

(Hakulinen et al, 2013) and alcoholism and substance use disorders (Fehr et al, 2000; Huang 

et al, 2003), particularly antisocial alcoholism (Lappalainen et al, 1998; Lee et al, 2009; 

Soyka et al, 2004).

Due to their role in transcription and expression of serotonin and its receptors, rs130058, 

rs11568817 and rs6298 have been examined as 5-HTR1B functional variants showing 

association with psychiatric disorder and maladaptive behaviors. In a Chinese Han 

population, rs11568817 was significantly associated with suicidal behavior in individuals 

experiencing major depression (Wang et al, 2009). Although conflicting findings exist, a 

recent meta-analysis concludes that there is a statistically significant association between 

rs130058 and rs11568817 and alcohol, cocaine, and heroin dependence (Cao, LaRocque, & 

Li, 2013).
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Rs130058 has also been associated with phenotypes related to addiction and suicide, such as 

impulsive-aggressive behavior and anger and hostility in men (Zouk et al, 2007; Conner et 

al, 2010). In Conner et al’s 2010 study, the T allele of rs130058 was overrepresented among 

suicide completers, suggesting that risk for suicide is conferred through the minor allele. 

Additionally, rs130058 and rs11568817 acted as a functional combination in the promoter 

region, accounting for significant variance in men’s anger and hostility. Interestingly, in this 

4-year longitudinal study, the genetic differences in haplotype variances and hostility and 

anger peaked at age 18 in men, declining thereafter. Age-related or developmental effects on 

this phenotypic manifestation might be of interest, as an additional study by Shoval et.al 

(2014) showed that the expression levels of participants in the serotinergic system, 5-

HTR1B, increase sharply in adolescence.

Robust findings have been published that also identify both rs6298 and rs130058 as having 

respective roles in depressed patients’ responses to antidepressant medication. Both SNPs 

interact with antidepressant type to show a differential association with side effects such as 

suicidal ideation as well as response time and efficacy (Lenze et al, 2013; Perroud et al, 

2011; Villafuerte et al, 2009; Xu et al, 2012).

The serotonin system has also been implicated in studies of spirituality. While evidence 

exists that expression levels of 5-HTR1B receptors peak in adolescence (Shoval et al, 2014), 

studies show that spirituality surges in adolescence as well. Particular attention has been 

paid to the relation between self-transcendence and spiritual acceptance with reduced 

serotonin binding potential (Borg, Andree, Soderstom & Ferde, 2003), reduced serotonin 

transporter availability (resulting in elevated serotonin levels) in specific raphe nuclei (Kim 

et al, 2015), the short allele of the serotonin transporter gene 5-HTTLPR (Nilsson et al, 

2007), and the polymorphism 5HT1A in patients with mood disorders (Lorenzi et al, 2005). 

The -1438A/G polymorphism of rs6311 has also shown association with self-transcendence 

in a Korean population (Ham et al, 2004).

Other personality traits, such as openness to experience, have also been shown to be 

associated with spirituality (Henningsgaard & Arnau, 2008; Sarouglou, 2002). Not only 

have cerebral levels of serotonin been associated with openness to experience and cognitive 

flexibility (Kalbitzer et al, 2009), but researchers are also beginning to examine 5-HTR2A 

polymorphisms as a means to understand the effect of gene and environment interaction on 

personality traits associated with spirituality. Rs6311 specifically has been shown to interact 

with the serotonin transporter gene (5-HTTLPR) and education level to predict novelty-

seeking in a Spanish sample (Saiz et al, 2010). In a study among Russian wrestlers, rs6311 

interacted with gender to predict openness to experience, as measured by the NEO-5 

(Butovskaya et al, 2015). Additionally, an understanding of paradoxical expression–that a 

condition such as potentiation of serotonin transmission can both increase sensitivity to 

stressful experiences as well as increase openness to experiences–is important to 

understanding the relation among serotonin gene receptors, spirituality, and pathology.

Dopamine

Indicated in both psychopathology and well-being, the dopaminergic system is integral in 

motivation, learning, and reward processing. Of the dopamine receptor genes (DR), the D2 
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dopamine receptor gene (DRD2) is one of the most widely studied, and abnormalities in the 

DRD2 gene have been implicated in Reward Deficiency Syndrome (Blum et al, 1990; 1996; 

2012; 2014). Reward Deficiency Syndrome refers to a dearth of usual feelings of satisfaction 

that is a result of a disruption in the “brain reward cascade” brought about by a reduced 

number of dopamine receptors leading to insufficient binding and reduced extracellular 

dopamine, thus affecting mood and cravings in humans (Blum & Kozlowski, 1990). In 

addition to addiction, pathological gambling and other reward-seeking behaviors, DRD2 has 

also shown associations with suicidal behaviors (Mandelli & Serretti, 2013), Posttraumatic 

Stress Disorder (Voisey et al, 2009), higher levels of rumination in depressed individuals 

(Whitmer & Gotlib, 2012) and schizophrenia (Yao et al, 2014).

The most widely studied of the DRD2 SNPs, the Taq1A (rs1800497), is now known to be 

located in the nearby ANKK1 gene, approximately 10 kb downstream from the DRD2 gene, 

and results in an amino acid substitution (Neville, Johnstone, & Walton, 2004). Several 

studies have shown that individuals with the Taq1A minor A1 allele exhibit reduced striatal 

DRD2 binding when compared to subjects without the A1 allele (Eisenstein et al, 2016; 

Gluskin & Mickey, 2016; Noble, 2003), suggesting that it is indirectly involved in DRD2 

expression or interacts with another DRD2 SNP. As with other DRD2 mutations, A1 allele 

carriers exhibit reduced receptor density, as compared with non-carriers (Nemoda, Szekely, 

& Sasvan, 2011). These existing functional differences in A1 allele carriers are suggested to 

confer risk for related psychopathology that has been identified in candidate gene-based 

association tests, such as depression in men (Roetker et al, 2012), increased risk for mood 

disorders (Zhang et al, 2014), borderline traits and impulsive self-damaging behaviors 

(Nemoda, 2010), PTSD (Li et al, 2016), alcohol dependence and alcoholism (Munafo, 

Matheson, & Flint, 2007; Smith et al, 2008), and opioid dependence (Chen et al, 2011).

In a review of the neurobiology of spirituality, Perroud (2009) suggests that similarities in 

the functional activity in spiritual and religious experience and the dopaminergic system 

indicate a relation between the two. Candidate gene and imaging studies are consistent with 

this idea. Using the TCI, Comings et al (2000) showed an association between DRD4 and 

spiritual acceptance, and suggested that this was a function of increased concentration of 

DRD4 receptors in cortical areas. In another sample, individuals with homozygous AA 

genotype experienced greater stress induced dopamine release and reported lower levels of 

openness to experience, reflecting what the authors interpreted to be a sensitive, vulnerable 

phenotype (Peciña, 2013). In the effort to understand gene-environment interactions, 

religiosity has also been identified as a moderator of the relation between the minor A1 

allele of rs1800497 and delinquent/antisocial behavior in adolescents, such that individuals 

with the minor allele reported increased delinquency but only among males without religious 

belief (Beaver, Gibson, Jennings, & Ward, 2009).

Given the connection between receptor density, extracellular dopamine, and the neural 

network including the prefrontal cortex and the dorsal striatum, further support for the link 

between dopamine and spirituality is offered through imaging studies. A PET study of Yoga 

Nidra meditation demonstrated a significant increase of dopamine levels during the 

meditation practice (Kjaer et al, 2002). Additionally, the authors reported a significant 

decrease in binding in the ventral striatum. In another PET study, dysfunctions in the 
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dopaminergic system coincided with impairment in activating religious concepts among 

Parkinson’s patients whose onset began on the left side of the body/right forebrain (Butler, 

McNamara, & Dorso, 2010). The result of this PET study is consistent with dopaminergic 

disruption in the right striatal prefrontal networks that occurs in Parkinson’s disease. Also 

linking R/S and dopamine, it has been argued that the impetus for meditation and religious 

activities may be related to the activation of the dopaminergic system during these types of 

activities (Newberg & Iversen, 2003). However, the relation among surfeit dopamine, 

receptor deficiency, and binding potential remains unclear (Blum et al, 2014), particularly 

when considering the counterintuitive findings between healthy and clinical populations.

Vesicular Monoamine Transporters

Unlike the other SNPs examined, vesicular monoamine transporter (VMAT) genes are 

functionally related to proteins responsible for the transfer of monoamines such as 

dopamine, epinephrine and serotonin to synaptic vesicles. In particular, VMAT1 (SLC18A1) 

is exclusively found in neuroendocrine cells (Erickson et al, 1996).

In Lohoff et al (2014), fMRI data showed that the minor A allele altered amygdala and 

medial prefrontal cortex functioning as well as increased presynaptic transport of 

monoamines in vitro. Lohoff concluded that VMAT1 variants play a role in emotional 

processing as well as risk for psychopathology. These findings buttress association studies 

showing that the minor A allele of VMAT1 variant rs1390938 has been associated with 

lower risk of alcohol use dependence (Dutta et al, 2016; Vaht, Kiive, Veidebaum, & Harro, 

2016), anxiety-related personality traits (Lohoff et al, 2008), maladaptive impulsivity, 

anxiety, depressiveness, and neuroticism (Vaht et al, 2016). Closely related VMAT2 

(SLC18A2) SNPs have been associated with phenotypes such as depression in elderly men 

(Christiansen et al, 2007), alcohol dependence (Schwab et al, 2005), and post-traumatic 

stress disorder (Solovieff et al, 2014). The VMAT2 gene has also been implicated in 

discussion as “the God gene” (Hamer, 2004), due to the C allele’s association with higher 

self-transcendence scores as compared with homozygous AA genotypes, and the relation of 

VMAT to the packaging and transportation of multiple monoamines, including dopamine 

and serotonin.

Method

Study samples

Study participants were 334 subjects (156 female and 178 male; mean age=31.5, SD= 16.0) 

comprised of offspring and grandchildren drawn from an ongoing thirty-year, three 

generational study of individuals at high and low-risk for depression. Mean ages for the two 

generations of study participants were as follows: Generation 2 (G2), M=47.5 SD=7.9 and 

Generation 3 (G3), M=19.3, SD=7.4 years.

Probands in Generation 1 (G1) had been originally recruited for the study of major 

depressive disorder and followed up for 30 years at six longitudinal waves. The study cohort 

has been described previously elsewhere (Weissman et al., 2016a; Weissman et al., 2016b). 

Subjects were diagnosed with major depression using the age-appropriate version of the 
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semi-structural diagnostic Schedule for Affective Disorders and Schizophrenia (Kaufman et 

al., 1997; Mannuzza et al., 1986). Individuals with any history of bipolar, schizophrenia 

spectrum, or antisocial personality disorders were excluded. Altogether 450 individuals were 

available for the present study. Written informed consent was obtained from all subjects and 

the study protocol was approved by the Institutional Review Board at New York State 

Psychiatric Institute/Columbia University.

In the final study sample of 334 participants, 99.1% were Caucasian. Distribution of annual 

income ranged as follows: $5000 (7.1%), $15,000 (7.8%), $25,000 (10.6%), $35,000 

(12.1%), $45,000 (12.8%), $55,000 (11.4%), $65,000 (7.8%), $80,000 (12.1%), 

$90,000(18.4%). Education levels ranged as follows: 18.6% had less than high school, 

32.6% had high school, 48.8% had more than high school.

Religion and Spirituality

Religious denomination ranged as follows: 52.8% were Catholic, 21.3% Protestant, 6.0% 

belonged to other religious denominations, 7.1% were Agnostic/Atheist, 12.4% were 

personal religious, 3.6% were Jewish and 0.4% were Buddhist/Hindu/Muslim.

Measures on personal experience and practice of S/R included two questions. First, “How 

important to you is religion or spirituality?” with responses ranging from 1 (not important at 

all) to 4 (very important). Second, “How often, if at all, do you attend church, synagogue, or 

other religious or spiritual services?” with responses ranging from 1 (once a week or more) 

to 5 (never). The average rating within the study sample on the personal importance of S/R 

was M=2.74, SD=1.02 (approximating a rating of moderate importance), and the average 

rating on frequency of attendance was M= 2.91, SD=1.50 (with the average rate of church 

attendance approximating once or twice a year).

Rates of Depression

Of the 334 participants, 37.7% had a diagnosis of Life-Time MDD and 17.0% had an 

episode of MDD at most recent follow-up.

Genotyping—We genotyped in total 7 SNPs in five genes: HTR2A, HTR1B, OXTR, 

VMAT1 and DRD2 genes across the 2-generation samples (334 individuals). Genomic DNA 

was extracted from a saliva sample collected using Oragene DNA Self Collection Kit 

following the protocol provided by the manufacture (Oragene Genotek, Ontario, Canada). 

SNPs were genotyped using Taqman® SNP Genotyping assays with TaqMan® Genotyping 

Master Mix (Applied Biosystems, Foster City, CA) on an ABI 7900HT Fast Real-Time PCR 

System and analyzed using SDS 2.1 software (Applied Biosystems, Foster City, CA).

Analysis—The main analyses (Tables 2 and 3) were performed using methods for family 

based association tests within the framework of Generalized Estimating Equation models 

similar to that described in Chen and Yang (2010) using SAS (SAS Software Version 9.2, 

Cary, NC, Copyright 2008). Linear regression models were fitted to quantitative traits such 

as personal importance of S/R and logistic regression models were fitted to binary traits such 

as MDD. Personal importance of S/R and MDD are the respective outcomes; importance is 
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treated as a continuous variable, with values from 1–4. Higher score indicates greater 

personal importance of S/R. MDD is a binary variable with the values 0 (absence of 

Lifetime MDD) and 1 (presence of Lifetime MDD), respectively. For each of the 7 SNPs, 

the corresponding genotypes were coded as −1,0, 1 and treated as a linear predictor. All 

analyses were adjusted by age and gender. All models were assumed to be additive genetic 

models, with the homozygous minor allele genotype coded as −1, the heterozygous 

genotype coded as 0 and the homozygous major allele genotype coded as 1. Lack of 

independence among observations in the same pedigree was accounted for by treating each 

pedigree as a cluster, with an independence working correlation matrix used in the robust 

variance estimator.

Results

Study participants (N=334) were stratified into a high-risk group (N=109) and a low-risk 

group (N=225). The distribution of genotypes in the sample by risk status is summarized in 

Table 1. Rates of major and minor alleles for 5 of the 6 SNPs did not differ significantly 

between the low and high-risk groups. There was a significant difference in rates of major 

and minor alleles between the high and low risk group for DRD2 SNP rs1800497 (p=.053).

The results show that, adjusted by age and gender, there is a significant association between 

high personal importance of S/R and OXTR SNP rs2254298 (p=.024), 5HTR1B SNPs 

rs130058 (p=.001) and rs11568817 (p=.029), VMAT1 SNP rs1390938 (p=.033) and DRD2 

SNP rs1800497 (p=.026) in the low-risk group. For rs130058 genotype, the minor A allele is 

associated with decreased personal importance of S/R. For the other four SNPs that were 

found to be associated with personal importance importance of S/R in the low risk group the 

minor allele was found to be associated with increased personal importance of S/R. In the 

high-risk group, rs2254298 is significantly associated with lifetime MDD (p=.049) and 

genotype GG is associated with higher risk of lifetime MDD. In the low-risk group, 

rs1800497 (p=.012) is significantly associated with lifetime MDD and genotype GG is 

associated with lower risk of lifetime MDD.

The interaction term of rs2254298*risk (OXTR by Risk Status) is not significant (p=.839) 

while rs1800497*risk (HTR1B by Risk Status) is significant (p=.041). So for rs2254298 

(OXTR), we combine the two risk groups. The estimated parameter of rs2254298 is 0.7799 

and its 95%CL is (0.045, 1.510). Therefore, there is still a significant association between 

lifetime MDD and rs2254298 (OXTR) in the whole sample (p=.036).

Discussion

We found associations between the personal importance of S/R and genes for dopamine 

(DRD2 SNP rs1800497), oxytocin (OXTR SNP rs2254298), serotonin (5HT1B SNPs 

rs130058 and rs11568817), and their vesicular transporter (VMAT1 SNP rs1390938) 

uniquely in the low-risk group. DRD2 was associated with both risk for depression and 

positively associated with S/R in the low-risk group. OXTR was associated with lifetime 

depression across both the high risk and the low risk group.
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Research Question 1: What are the single-gene correlates of spirituality?

Findings on VMAT1, 5HT1B, OXTR, and DRD2 in the low-risk sample are consistent with 

previous literature that relates these genes with spirituality or closely related constructs. 

Interestingly, these genetic associations and their expression map onto three distinct domains 

related to spirituality: mood, bonding, and transcendence. As with VMAT and 5HT1B, 

which are linked to mood, spirituality has been linked with positive mood and thriving and 

as both conferring protective benefit against depression and other forms of psychopathology 

(Akrawi, Bartrop, Potter, & Touyz, 2015; Lucette, Ironson, Pargament, & Krause, 2016; 

Miller, 1998; in this sample, Miller et al 2014; Miller, Davies & Greenwald, 2000; Miller, 

Weissman, Gur & Adams, 2001). Spirituality, like OXTR, has been implicated in outcomes 

of bonding including prosocial behavior and empathy (Rew & Wong, 2006; Giordano, 

Prosek & Lankford, 2014). Dopamine receptor genes (here DRD2), like spirituality, have 

been linked to transcendence through previous studies (Comings et al, 2000; 2002).

Research Question 2: What are the single-gene correlates of depression?

DRD2 minor allele was found to be both a risk factor for depression and positively 

associated with higher levels of importance of S/R in the low-risk sample. Additionally, rates 

of minor allele frequency were significantly greater in the low-risk group than the high-risk 

group, suggesting the presence of a minor allele is more normative in the low-risk sample. 

This finding on DRD2 may lend support to previous research around a common pathway or 

physiology underlying both existentially oriented depression and spirituality (Miller, 2014; 

Miller & Barton, 2015; Barton, Barkin, & Miller, 2017). Experiential trait correlates that 

mirror this finding include the positive associations to both depression and spirituality found 

in openness to experience (Trull & Sher, 1994; Wolfstein & Trull, 1997; Henningsgaard & 

Arnau, 1998) and self-transcendence (for a review, see Cloninger, 2008).

DRD2 minor allele may increase risk for either depression or spirituality based upon 

environment, both that environment external to us and the internal environment that is in the 

use and practice of inner life (prayer, meditation, reflection, habitual inner ways of living). 

The physiological pathway supported by the DRD2 minor allele may show functional or 

morphological change due to spiritual practice. Offering some support for this hypothesis, 

neuroimaging shows common regions of parietal, precuneus and occipital cortex to be 

thicker in people with a sustained spirituality over five years and thinner in people with 

depression (Miller et al, 2014; Liu et al, this issue). Within the NIH pediatric imaging study, 

among those adolescents with mild-moderate levels of depression, those who also were high 

in transcendence (as measured by the Cloninger Self-Transcendence Scale) showed a 

differential cluster of depressive symptoms (less disrupted sleep and less anhedonia) and 

differential co-morbidity (less substance abuse and conduct disorder) then those low in self-

transcendence (Miller & Barton, 2015).

The possibility that a sub-type of mild to moderate depression is associated with specifically 

the dopaminergic pathway mirrors a great body of clinical literature on the existential 

struggle (reward or lack of reward; ability to perceive transcendence and sense value) around 

developmental transitions and life events to find a felt sense of ultimate connection, meaning 

and purpose (Benson, Scales, Syvertsen, & Roehlkepartain 2012; Gottlieb, Still, & Newby-
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Clark, 2007). It is possible that the epigenetic interaction of the minor allele of DRD2, with 

fellow bonding and mood related genes, is essential for report of spirituality (by conferring a 

greater capacity for transcendence). The fellow genes associated with spirituality (VMAT1, 

OXTR, and 5HT1BR) without the presence of minor allele DRD2 instead may confer a 

likelihood for a subtype identified by positive psychology as secular “virtuous humanists” 

(Barton & Miller, 2015).

Lending some support, a differential susceptibility and resilience of the dopaminergic 

system based upon environment was explored through a recent meta-analysis. Children with 

the “at-risk” DRD2 genotype (with the minor allele) fared worse in adverse environments 

but benefitted most in positive environments (Bakermans-Kranenburg & van Ijzendoorn, 

2011). Similar findings supporting differential susceptibility have been found in studies 

examining the relation between DRD2 and aggression, intergenerational transmission of 

parenting, and response to prevention programs (Simons et al, 2011; Brody, Chen, & Beach, 

2013; Beaver & Belsky, 2012). More generally, differential susceptibility also remains 

congruent with the theory of Reward Deficiency Syndrome (Comings & Blum, 2000), which 

suggests that the same individual at risk for addiction due to a less efficient dopaminergic 

system is responsive to spiritual intervention, perhaps due to the stimulation of the 

dopaminergic system. In light of surrounding research on openness to experience and self-

transcendence, it may be susceptibility and sensitivity to the environment-a capacity for 

spiritual perception-that drives the relationship between depression and spirituality in the 

association with DRD2 SNP rs1800497. In this case, perhaps either depression or 

spirituality may be the resulting phenomenology of DRD2. Further research conducted at 

multiple levels of analysis is required to understand whether functional differences due to 

dopamine gene receptor polymorphic variation underlie a phenotype that is both susceptible 

to depression and yet protected through spirituality.

A more commonly researched associated between depression and bonding is reflected across 

the full sample, in both the high-risk and low-risk group (with particular strength in the high 

risk group), in the association between the oxytocin receptor gene (OXTR) rs2254298 and 

depression. This finding potentially suggests that the extensively researched pathway of 

OXTR to depression is a differential pathway to that of DRD2. To this body of research on 

OXTR, the current study replicates that OXTR interacts with familial risk for depression to 

predict psychopathology including depression and anxiety (Thompson et al, 2011). 

Difference by risk group could not be definitively be established due to a non-significance 

interaction term (OXTR x risk-group). That in the low-risk group alone OXTR was not 

significant, however, gains support from previous work by Brune (2012) who suggests a 

distinct physiological profile based upon environment to diverge from the OXTR gene over 

the course of the life-span. Drawing on a thorough review of existing literature on 

specifically the SNP rs2254298 (OXTR), Brune applies Belsky et al’s (2009) theory of 

differential susceptibility, to suggest that the phenotypic expression of genetic variants of 

rs2254298, whether favorable or unfavorable, are dependent on early environmental factors. 

The OXTR-specific gene-environment interaction has been directly tested in at least two 

studies. In a study by Thompson et al (2011), children with a heterozygous rs2254298 SNP 

in a high-risk group (with familial risk for depression) and children with the same variant in 

a low-risk group varied significantly in measures of psychopathology, in that children in the 
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high-risk group had significantly more depressive symptoms than those in the low-risk 

group. Further, when compared with children who were homozygous GG carriers in the low-

risk group, low-risk children with a minor allele had the fewest depressive symptoms, 

suggesting that the GG carriers were less responsive to context than were the AG carriers.

In a low-income, African-American sample, Bradley and colleagues (2011) showed that 

OXTR SNP rs53576 moderated the relationship between childhood maltreatment and both 

attachment style and emotional dysregulation. In the sample, male and female G allele 

carriers were at increased risk for emotional dysregulation and attachment problems after 

experiencing childhood abuse. However, in other studies, these same vulnerable G allele 

carriers also sought out social support in times of stress (Kim et al, 2010). In fact, the G 

allele had, in less adverse conditions (not including maltreatment), been associated with 

higher levels of empathy and sensitive parenting (Rodrigues et al, 2009; Bakersman-

Kranenburg & van Ijzendoorn, 2008). Thus, Bradley suggested that the counterintuitive 

finding, that G allele individuals were at most risk in this sample, aligned with the findings 

that the G allele conferred resilience in other studies, by application of Belsky’s model.

Research Question 3: Are there differential associations based on risk status?

There appears to be a suppression of the phenotypic expression of spirituality in people at 

high risk for depression. In the high-risk group none of the candidate genes were associated 

with personal importance of S/R, despite consistent positive findings across four genes in the 

low-risk group. Differential risk and protective factors by familial risk for depression is 

consistent with other studies on clinical outcomes from this longitudinal sample. In 

Fendrich, Warner, & Weissman (1990), family risk factors of poor marital adjustment, 

divorce, parent-child discord, affectionless control and DSM-III diagnoses were predictive 

of depression and other diagnoses in offspring only in the low-risk group. In the high-risk 

group none of these usual family risk factors conferred risk for offspring diagnoses. In a 

2006 study, Pilowsky and colleagues replicated this null finding in a subsequent generation 

of the same the study, among the children of these depressed parents 20 years later, showing 

that affectionless control remains predictive of MDD only in the low-risk group. These 

findings suggest that the impact of parental depression may outweigh other risk and 

protective factors in predicting clinical outcomes. In this study, it appears that in the high-

risk group, familial ecology may in part suppress the phenotypic expression of genes 

otherwise associated with spirituality.

Our findings on potential suppression of the phenotype of spirituality speak to the 

intergenerational conference of risk for depression, and seem to point to opportunity for 

prevention and intervention in offspring. Previous prevention-intervention research shows 

that the intergenerational transmission of depression can be disrupted by preemptively 

supporting protective factors in offspring. (Beardslee, Gladstone, & O’Connor, 2011; Verdeli 

et al, 2004), raising the possibility that the fostering of spirituality in offspring of depressives 

might be preventative against a subsequent offspring depression.

Development of spirituality in offspring is partially dependent on the lived spirituality of a 

parental figure, as well as his or her tendency to clearly articulate and support spiritual 

beliefs and values (Boyatzis, Dollahite, & Marks, 2006). Parental expression and 
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transmission of spirituality may be mitigated by a mood disorder generating a depressogenic 

outlook (Gur, Miller, Warner, Wickramarantne, & Weissman, 2005). However, previous 

research on this same sample shows that the intergenerational transmission of religious 

denomination, (whether or not there is high level of parental spirituality) decreases the 

likelihood of transmission of depression and anxiety in offspring (in both high and low-risk 

groups) by 91% (Jacobs et al, 2012). Offspring of depressed parents, who are exposed in 

childhood to religious community, may find other adults who exhibit a strong spirituality, 

support for their own spirituality, and a “road map” to spiritual life derive the customary 

protective benefits of spirituality. Selective spiritual socialization (Miller et al, 2001), 

previously to have been identified in offspring of Opiate addicts, shows that youth tend to 

become concordant with the spirituality held by the healthiest committed parent figure in 

their lives, and in turn derive the protective benefits of spirituality. Prevention against the 

intergenerational transmission of depression may be derived from healthy adults who 

support offspring spirituality and/or engagement of youth in a community based upon 

religious or spiritual life (to include a community of service).

Limitations

The study design has the chief limitation of a single time assessment of religion and 

spirituality, drawn from the available data in this thirty-year longitudinal design. The single-

item measure further conflates religion and spirituality, which are two distinct but related 

constructs and ways of living. A second customary limitation in single-gene research is that 

identification of single genes can point to pathways but does not fully explain the 

relationship between gene and behavior.

Conclusion

Spirituality and/or its expression as religiousness (S/R) may be a phenotype of DRD2, 

HT1B, VMAT1 and OXTR, in people at low risk for depression. Uniquely the minor allele 

of DRD2 (previously linked with reward and transcendence) is associated with both 

importance of S/R and increased risk for depression in people at low familial risk for 

depression, perhaps implicating a common pathway or mechanism dependent on 

environment (outer environment or practice of inner life). High familial risk for depression 

may suppress the phenotypic expression of these genes otherwise associated with 

spirituality. The association between MDD and bonding is associated with OXTR and found 

across both high and low risk for depression, suggesting a potentially differential pathway of 

depression..
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Table 2

The association between importance of S/R and SNP

N=291

SNP Low-risk (N=96)

p

High-risk (N=96)

pEstimate (95% CI) Estimate (95% CI)

rs2254298 0.527 (0.069, 0.985) .024 0.056 (−0.220, 0.331) .693

rs6298 0.093 (−0.311, 0.498) .652 0.113 (−0.139, 0.365) .380

rs130058 −0.493 (−0.781, −0.206) .001 0.061 (−0.229, 0.351) .680

rs11568817 0.258 (0.026, 0.491) .029 0.066 (−0.191, 0.323) .614

rs1390938 0.268 (0.022, 0.515) .033 −0.145 (−0.408, 0.118) .281

rs1800497 0.433 (0.051, 0.816) .026 0.194 (−0.128, 0.515) .238

rs6311 −0.231 (−0.479, 0.018) .069 0.058 (−0.174, 0.290) .626
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Table 3

The association between lifetime MDD and SNP

N=334

SNP Low-risk (N=96)

p

High-risk (N=96)

pEstimate (95% CI) Estimate (95% CI)

rs2254298 1.034 (−0.776, 2.844) .263 0.831 (0.003, 1.658) .049

rs6298 −0.221 (−0.834, 0.393) .480 −0.106 (−0.903, 0.691) .795

rs130058 −0.005 (−0.575, 0.564) .985 0.103 (−0.347, 0.553) .654

rs11568817 0.037 (−0.567, 0.641) .905 −0.076 (−0.601, 0.450) .778

rs1390938 −0.203 (−0.898, 0.492) .567 0.217 (−0.502, 0.936) .554

rs1800497 −1.022 (−1.818, −0.226) .012 0.055 (−0.589, 0.700) .867

rs6311 −0.121 (−0.744, 0.503) .704 −0.058 (−0.568, 0.452) .823
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