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Abstract

Objective: We examine associations between religiosity and polymorphisms 
of the serotonin and monoamine oxidase genes, and the effect of genotype on 
response to religious cognitive behavioral therapy (RCBT) vs. conventional CBT 
(CCBT).

Methods: 132 persons with chronic illness and major depressive disorder 
were recruited into a clinical trial to evaluate the efficacy of RCBT vs. CCBT. 
Four functional polymorphisms were assessed: 5-HTTLPR and rs25531 at 
the serotonin transporter gene (SLC6A4), rs6295 at 5-HT1A receptor gene 
(HTR1A), and uMAOA-VNTR at the monoamine oxidase A gene (MAOA).  

Results: Few associations were found between these polymorphisms and 
religious involvement, although they were consistent. Religious attendance was 
less frequent in those with one or more high-risk genotype in the overall sample. 
In post-hoc analyses, Blacks with LG genotypes of the rs25531 polymorphism 
were less likely to attend religious services or have daily spiritual experiences, 
and Blacks with high risk alleles of any gene were also less likely to attend 
religious services. Among men, daily spiritual experiences and overall religiosity 
were also lower in the presence of any high risk alleles. Genotype had no effect 
on response to RCBT vs. CCBT in the overall sample, except in participants 
with the C/C genotype of HTR1A (group x time interaction B=3.33, SE=1.17, 
t=2.86, p=0.006, d=0.73) and those with no high risk genotype (group x time 
interaction B=3.40, SE=1.60, t=2.12, p=0.042, d=0.75) who were more likely to 
respond to RCBT.

Conclusion: Little overall relationship was found between genotype and 
either religiosity or response to RCBT. Whether high risk genotypes in certain 
subgroups of depressed persons may be associated with religious involvement 
or affect treatment response remains unclear. 

Keywords: depression, religiosity, polymorphisms, serotonin transporter, 
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For example, Sasaki and colleagues reported that the rs53576 
polymorphism at the oxytocin receptor gene interacted with the 
cultural environment to affect the relationship between religiosity 
and well-being [4]. They found that among Koreans in Korea with 
the G/G genotype (thought to confer social sensitivity [5]), religiosity 
was associated with greater psychological well-being, whereas 
among Europeans in America with the G/G genotype, religiosity 
was associated with lower psychological well-being. Researchers 
hypothesized that religion may benefit those who are more socially 
sensitive due to a genetic predisposition, but only if the cultural 
context supports it.

Genetic polymorphisms and depression
Research also suggests that genetic factors are involved in the risk 

of developing depression, and the capacity for spiritual or religious 
experience may be linked to such genes, perhaps affecting a religious 
person’s vulnerability to depression. One of the most likely candidates 
is the serotonin transporter gene (SLC6A4), the most studied of 

Introduction
Since publication of the “God Gene” by Hamer in 2004, there has 

been speculation that genetic predispositions to religious or spiritual 
experiences may exist [1]. Rowthorn argued that people “who carry 
a certain ‘religiosity’ gene are more likely than average to become 
or remain religious [2]. Based on what he calls the dual inheritance 
model, the increased fertility of religious persons along with high 
rates of defection from religion are likely to spread religious genes 
(or at least genes that confer tendencies toward authoritarianism 
and conservatism) more widely across the general population. 
Furthermore, an examination of twin studies by Koenig and 
Bouchard suggests that religiousness may have considerable genetic 
roots, with genes explaining as much as 40% to 60% of the tendency 
towards religious involvement [3]. If true, the genetic basis for such 
predispositions is likely to be far from simple and probably involves 
a complex interaction between single genes, multiple combinations 
of genes, personal environment, and even the surrounding culture. 
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all genetic factors in psychiatry. The promoter region of SLC6A4 
contains a polymorphism (5-HTTLPR) characterized by a short (S) 
and a long (L) allele. The S allele produces less serotonin transporter 
mRNA transcription, resulting in less serotonin transporter protein 
[6]. Less transporter protein means less effective removal of serotonin 
from the synapse, making it less available for reuse by the presynaptic 
neuron. There is also a single nucleotide polymorphism (rs25531) 
located within the inserted fragment of the 5-HTTLPR, which seems 
to further affect SLC6A4´s transcriptional activity. The rs25531 allele 
LA has higher levels of mRNA transcription, while the rs25531 allele 
LG has levels similar to S allele carriers [7]. 

In 2003, Caspi and colleagues reported that among individuals 
with the 5-HTTLPR genotype S/S or L/S, number of stressful life 
events predicted the development of major depression [8]. This effect 
was absent in those with the L/L genotype. In 2009, this association 
was challenged by a meta-analysis of existing studies, concluding that 
the relationship was uncertain [9]. This meta-analysis, however, was 
itself challenged because of the methodology used, causing critics 
to conclude that more research was needed on how SLC6A4 allelic 
variations affect response to environmental stressors [10,11]. While 
few studies have examined the relationship between 5-HTTLPR 
polymorphisms and depression in those with chronic medical illness, 
where health-related stressors abound, the area is a promising one for 
future research. For example, in a report involving 737 primary care 
outpatients, depressive episodes were significantly more frequent 
(50% to 79%) among those with the S/S genotype, an association that 
increased in strength with increasing severity of depression [12]. The 
S/S genotype interacted with number of stressful life events (SLE) 
such that those with this genotype required only minimal exposure to 
stressful events to significantly increase risk for depression, compared 
to L/S or L/L genotypes that required much higher levels of stress 
to increase risk [13]. These reports are supported by research in 
patients with heart disease that demonstrate greater vulnerability to 
depression in those with the S allele [14,15]. Likewise, relationships 
between the low functioning LG variant (rs25531) and depression, 
anxiety, and neurosis have also been reported [16,17], especially in 
those with medical illness [18,19].

Such relationships, however, appear to be influenced by race and 
gender. While 50% of Caucasians have the S-allele, only 30% of Black 
Americans do [20]. In contrast, while only 8% of Caucasians have the 
LG allele at rs25531, 21% of Black Americans do [21]. Furthermore, the 
effect on depression risk (as reflected by low levels of CSF 5-HIAA) 
may be the opposite in African-Americans where the L allele has been 
associated with greater risk rather than the S allele [22]. Gender too 
has an influence. While the prevalence of S allele is similar in men 
and women, sensitivity to stress may be greater for women with the 
S allele than for men. For example, one study found that the L/L 
genotype conferred a greater risk of depression in stressed males (i.e., 
male caregivers or males with low education fathers), whereas the S/S 
genotype conferred a greater risk of depression in stressed females 
[23].

Besides polymorphisms at the promoter region of SLC6A4, other 
genetic variants are known to increase risk of depression in persons 
with medical illness, including the high activity alleles of the promoter 
region of the MAOA gene [24]. Alleles 3.5, 4, and 5 are associated 

with high MAOA activity, while allele 3 is associated with low MAOA 
activity [25,26]. High activity alleles have been reported to increase 
the risk depression [27,28] and have been linked to personality traits 
such as neuroticism [29]. Likewise, a polymorphism of the 5-HT1A 
gene (rs6295) that involves a C to G substitution resulting in C/G 
and G/G genotypes has been linked to major depression and suicidal 
thoughts [30,31].

Polymorphisms and religion
While religiousness is often inversely related to depression and 

associated with faster recovery from depression in the medically ill 
[32,33], some studies suggest that religious persons may actually 
be more vulnerable to depression [34,35], perhaps due to greater 
emotional sensitivity (a trait that Freud called “neurosis” [36]). A 
common genetic predisposition could provide a biological basis for 
the link between religion and depression, either making religious 
persons more or less vulnerable to depression. 

Why might religiousness/spirituality be associated with genes 
that increase sensitivity to life events or increase risk of depression? 
Although some have suggested that depression is adaptive (bolstering 
immune systems or encouraging people to think more intensely 
about their problems), depression and suicide in particular may also 
serve as an evolutionary force that removes “less fit” persons from 
the population [37,38]. Religious involvement, in turn, may counter 
this evolutionary force by providing beliefs that facilitate coping with 
negative life events by surrounding the depressed individual with a 
supportive faith community, enabling depressed religious persons 
to survive and pass on their genes to the next generation. Thus, 
genes associated with emotional sensitivity to negative life events 
(increasing the risk of depression) and those associated with religious 
involvement may be preserved within the population. 

Alternatively, perhaps religious persons have genes that somehow 
make them less prone to depression, although how such genes might 
have developed and persisted in the population is not clear. However, 
this would help to explain the inverse relationship between religiosity 
and depression reported in the majority of studies examining this 
association [39]. Although such notions are highly speculative, they 
provide a plausible reason for why a genetic link might exist. 

Some research appears to substantiate a relationship between 
polymorphisms of the SLC6A4 gene and religious involvement, 
although the findings are not very consistent. For example, the S allele 
of the 5-HTTLPR polymorphism has been associated with high scores 
on the Tellegen Absorption Scale (TAS), which assesses the tendency 
to have mystical visionary experiences or artistic sensitivity [40]. The 
TAS, in turn, has been correlated with high levels of intrinsic religiosity 
[41]. These findings are consistent with the claim that the S allele 
conveys both greater emotional sensitivity and greater sensitivity to 
spiritual experiences as well. Likewise, the S allele has been associated 
with higher scores on the spiritual acceptance subscale of the TCI [42] 
and with other factors that may be considered broadly spiritual [43].

We found no studies that examined relationships between spiritual 
or religious involvement and 5-HTTLPR-rs25531 polymorphisms (at 
the serotonin transporter gene) or uMAOA-VNTR (at the MAOA 
gene). However, a polymorphism (rs6295) of the HTR1A gene (that 
affects the binding potential of 5-HT1A neuroreceptor for serotonin 
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involving a C to G substitution resulting in C/G and G/G genotypes) 
has been linked to high scores on the TCI’s spiritual acceptance scale 
[44]. This finding is consistent with results from functional magnetic 
resonance imaging that indicate lower brain serotonin receptor 
binding in those with high scores on the spiritual acceptance scale, 
suggesting greater vulnerability to depression [45].

Especially unclear is how functional variability at SLC6A4 
(or other candidate genes that increase depression risk) moderate 
response to religious/spiritual interventions. The S and LG alleles 
have not only been reported to cause greater emotional sensitivity to 
environmental stressors, but the presence of these low functioning 
alleles has also been shown to decrease response to treatment in 
those with major depression [46,47,48]. While the presence of these 
alleles in those who are more religious could increase vulnerability 
to depression, greater distress in response to stressors and failure 
to respond to conventional treatments could also cause individuals 
to turn to religion for comfort. Since cognitive defects (such as 
greater negative schematic processing) following negative life events 
have been documented in those with the S allele [49], perhaps a 
psychological treatment that utilizes religious resources to counteract 
negative cognitive schematic processing resulting from chronic 
medical illness may be particularly effective in those with this form 
of the gene.

Thus, more research is needed to determine whether a 
relationship exists between religious involvement and 5-HTTLPR 
or other neurotransmitter-related genotypes, and how effective 
religious interventions might be in those with genetic polymorphisms 
that increase depression risk. To our knowledge, no study has 
yet examined the relationships between religiosity and high risk 
genotypes of the 5-HTTLPR (S/S), 5-HTTLPR-rs25531 (LG), 
HTR1A (G/G), or uMAOA-VNTR (high activity) polymorphisms in 
depressed persons with chronic medical illness. Likewise, no study 
has examined how the presence of these polymorphisms affects 
response of major depression to cognitive behavioral therapy (CBT) 
(either conventional or religious). Religious CBT, which involves 
the integration of religious beliefs of patients into psychotherapy 
to combat dysfunctional cognitions and discourage depression-
inducing behaviors (e.g., social isolation) [50], has been shown to 
be effective in patients with major depression and chronic medical 
illness [51].

Hypotheses
Using a candidate gene approach, we sought to identify genetic 

polymorphisms related to religiosity and depression in medically 
ill patients. We hypothesize that (1) higher religiosity will be 
positively related to genotypes that place individuals at higher risk 
for depression, i.e., S/S of the 5-HTTLPR polymorphism, LG of the 
5-HTTLPR-rs25531, G/G of HTR1A-rs6295 polymorphism, and 
presence of any high activity alleles (3.5, 4, or 5) of the uMAOA-
VNTR; (2) that the effectiveness of RCBT will be greater than CCBT 
in relieving depression in persons with these genotypes; and (3) 
the effect of RCBT will be especially strong in those who are highly 
religious with these genotypes. 

Methods
Study design and participants

Participants were enrolled in a two-site randomized clinical trial 

(Durham, North Carolina, and Glendale, California) to compare the 
efficacy of RCBT and CCBT in the treatment of major depression. 
Inclusion criteria were (1) age 18 to 85; (2) one or more chronic 
medical condition; (3) an affirmative response to the question “Is 
religion/spirituality at least somewhat important in your daily 
life?”; (4) a DSM-IV diagnosis of major depressive disorder, and 
(5) moderately severe depressive symptoms (a score of 10-40 on the 
Beck Depression Inventory – see below). Exclusion criteria were (1) 
significant cognitive impairment based on a score of 13 or lower on 
the abbreviated Mini-Mental State Exam (range 0-18) [52]; (2) receipt 
of psychotherapy in past two months; (3) psychotic disorder, alcohol 
or substance abuse, or PTSD within the past year, or history of bipolar 
disorder; (4) active suicidal thoughts; and (5) diagnosis of HIV/AIDS, 
autoimmune diseases, dementia, endocrine disorders affecting stress 
hormone levels, or taking immuno-suppressant drugs (due to other 
planned analyses). The Duke University Medical Center institutional 
review board and Glendale Adventist Medical Center approved the 
study.

Measures
The MINI Neuropsychiatric Inventory [53] was used to diagnose 

major depressive disorder and to rule out diagnoses that excluded 
participants from the study (including active suicidal thoughts). The 
Beck Depression Inventory (BDI) [54] assessed symptom severity 
(scores of 10 to 40) for inclusion into the study and for tracking 
symptom severity in response to treatment. Among measures of 
physical health was the Duke Activity Status Index [55] that assessed 
physical functioning and the Cumulative Illness Rating Scale [56] that 
assessed severity of medical illness. Social support was measured using 
the social interaction and subjective support subscales of the Duke 
Social Support Index [57]. Religious involvement was assessed with 
single item measures of importance of religion, religious attendance, 
and private religious activity, and with multi-item scales assessing 
intrinsic religious motivation (Hoge IR Scale [58]), religious/spiritual 
experiences (Daily Spiritual Experiences Scale [59]), and religious 
coping (Brief RCOPE [60]). In order to increase the power for 
analysis of the primary hypotheses, the religious variables above were 
summed to create an overall religiosity measure that ranged from 44-
153 (Cronbach’s alpha=0.88 standardized). 

Procedure
Study coordinators screened potential participants by telephone 

for eligibility criteria, and then arranged a visit when full written 
informed consent was obtained and an in-person screening evaluation 
was conducted. Eligible clients were enrolled in the trial, completed a 
baseline evaluation, and had their blood drawn for genotype analyses. 
Participants were then randomized to either RCBT or CCBT (see 
elsewhere for full study details [51,61]). Study coordinators who 
conducted the screening, baseline, and follow-up evaluations were 
blinded to treatment group. 

The intervention in both groups consisted of ten 50-minute 
sessions, administered by master’s degree level therapists and 
delivered over 12 weeks. Sessions were delivered remotely by 
telephone (90%), Skype (7%), or online (3%) to make it easier for 
those with physical disability to receive the therapy.  CCBT was a 
manual-based intervention following CBT as described by Aaron and 
Judith Beck [62,63]. The four therapists who delivered CCBT were 
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experienced in CBT, but had no experience integrating religious 
beliefs into therapy and if religious issues came up, addressed them in 
the broadest conventional way possible. 

The four therapists who delivered RCBT were experienced with 
integrating religious beliefs into CBT. RCBT was a manual-based 
intervention specific to the particular religion of the client [50].CCBT 
and RCBT interventions were designed to be similar in all respects 
except that RCBT utilized clients’ religious beliefs in therapy to 
motivate change in cognition and behavior, whereas CCBT did not. 
The primary endpoint for the clinical trial was BDI score, which was 
assessed at baseline, 4 weeks, 8 weeks, 12 weeks (immediately after 
treatment ended), and 24 weeks from baseline. Individual trajectories 
of response on the BDI from baseline to the primary endpoint at 12 
weeks were determined for participants categorized by genotype. 

Blood collection, DNA isolation and genotyping
A 3-4 milliliter whole blood sample was collected in an EDTA 

tube, followed by mixing well to avoid small clots from forming. 
Blood samples were stored at –80°C prior to shipping to the Fragment 
Analysis Facility, Johns Hopkins University, Baltimore MD, where 
genotype analyses were done. The DNA was isolated from blood 
using an established interface with the PUREGENE DNA purification 
system (Gentra systems, Minnesota, USA). The PUREGENE DNA 
Isolation Kit is a gentle DNA Isolation procedure that isolates DNA 
using detergents and salts. The PUREGENE DNA Isolation Kit does 
not contain any toxic chemicals and isolates DNA in high yield from 
a variety of sample sources. Briefly, the PUREGENE Kit isolates DNA 
by first using a hypotonic Red Blood Cell Lysis Solution to selectively 
lyse red blood cells. Then, the Cell Lysis Solution lyses the white blood 
cells. RNA is then removed if necessary using the RNase A Solution 
provided in the Kit, and proteins are precipitated and removed using 
the Protein Precipitation Solution. The DNA was then precipitated 
out with alcohol, washed, dried and re-hydrated. Analyses were 
conducted for the 5-HTTLPR and rs25531 at the serotonin 
transporter gene, the rs6295 at the 5-HT1A receptor gene (HTR1A), 
and the uMAOA-VNTR polymorphism at the MAOA gene using 
standardized molecular procedures based on PCR reactions and 
conventional electrophoresis techniques.

The serotonin transporter (5-HTTLPR) short (S) and 
long (L) alleles were PCR amplified using forward primer 
5’-TCTCCCGCCTGGCGTTGC-3’ and reverse primer 
5’-GCCGGTTGGGCTGAGCGTCT-3’. PCR was performed in a 
10µl reaction consisting of 0.4µM primers, 0.15µM 7-deaza dGTP, 1X 
MasterAmp™ 2X PCR PreMix K (Epicenter Biotechnologies, Madison, 
WI), 1 unit Taq DNA polymerase (Applied Biosystems, Foster City, 
CA), and 40 ng DNA. Amplification was carried out in a Veriti 
thermocycler (Applied Biosystems) for 4 min at 95°C, followed by 35 
cycles of 94°C for 30 s, 62.8°C for 30 s, and 72°C for 30 s, followed by 
a final extension step of 72°C for 10 min. PCR products were resolved 
on 2% NuSieve (FMC BioProducts, Vallensbaek, Denmark), 1% 
agarose (Invitrogen, Carlsbad, CA) gels, and visualized by ethidium 
bromide staining. The short and long alleles were characterized by 
515 bp and 560 bp products, respectively.

Genotyping of the 5-HTTLPR polymorphism (rs25531) was 
performed using primers and probes described by Hu et al [64]. PCR 
was carried out in 5µl volume with 20ng DNA, 0.48µM primers, 

0.48µM VIC labeled G allele probe, 0.2µM FAM labeled A allele probe, 
1X Master Mix (Applied Biosystems, Foster City, CA), and 4% DMSO 
(Sigma). Amplification and analysis was performed on an Applied 
Biosystems 7900HT Sequence Detection System. PCR conditions 
were 2 min at 50ºC, 10 min at 50ºC, followed by 45 cycles at 96ºC 
for 30 sec and 66ºC for 60 sec. Genotypess were determined using 
end-point analysis with SDS v2.1 software (Applied Biosystems). We 
classified the 5-HTTLPR (rs25531) polymorphism into three types: 
(1) LA/LA, (2) LA/LG, and (3) LG/LG.

Primer sequences for the MAOA uVNTR are MAO APT1 
(5’- ACAGCCTGACCGTGGAGAAG-3’) and MAO APB1 
5’-ACAGCCTGACCGTGGAGAAG-3’ described by Sabol et al. 
[12]. The MAO APT1 was 5’-labeled with 6FAM fluorophore. 
PCR was carried out in 10ul containing 0.1uM primers, 0.1mM 
dNTPs (Amersham), 10mM Tris (pH8.3); 50mM KCL, 1.5mM 
MgCl, 0.6 units of Taq DNA polymerase (Perkin Elmer) and 40ng 
DNA. Amplification was carried out in a Thermo Hybaid MBS 0.2S 
(Needham Heights, MA) using the following cycling conditions: 
initial 4-min denaturing step at 94°C, followed by 35 cycles of 
94°C for 30 sec., 58°C for 30 sec. and 72°C for 30 sec., followed by 
a final extension of 72°C for 10 min. PCR products were assayed on 
a 3730 DNA Analyzer (Applied Biosystems). Data were collected 
and analyzed with GeneMapper software (Applied Biosystems) that 
calculated fragment length in reference to an internal lane standard 
(Genescan-500 labeled with LIZ) and quantitated the amount of 
fluorescence in each fragment.

Genotyping of the 5-HT1A gene rs6295 polymorphism was carried 
out using a pre-designed TaqMan® SNP Genotyping Assay (Applied 
Biosystems, Foster City, CA) following manufacturers supplied 
protocols. PCR and endpoint detection of fluorescence was carried 
out in an ABI Prism7900HT Sequence Detection System (Applied 
Biosystems, Foster City, CA) using default settings. Fluorescence data 
was analyzed with ABI Prism 7900 allelic discrimination software.

Statistical Analysis 
Descriptive statistics were used to characterize the overall sample 

and assess the comparability of the randomized groups at baseline. 
analysis of variance (ANOVA) or Student’s t-test was used to 
determine if religious activities (attendance at services, private prayer 
or scripture reading), intrinsic religiosity, daily religious/spiritual 
experiences, religious coping, or overall religiosity varied by genotype. 
Given known effects of race and gender on the polymorphisms 
examined here, analyses were stratified by these demographics in 
post-hoc analyses. Growth curve modeling using random intercept 
and slope (mixed effect regression models) was used to compare 
individual trajectories of response to RCBT vs. CCBT in participants 
with each genotype and in those with any high risk genotype (S/S, LG, 
G/G, and/or high activity MAOA-uVNTR alleles 3.5, 4, or 5). This 
was done for the overall sample and the sample dichotomized at the 
mid-point based on the overall religiosity score (low vs. high). Given 
the exploratory nature of these analyses, the significance level was set 
at p<0.05 and was not corrected for multiple comparisons. Statistical 
analyses were carried out using SAS (version 9.3; SAS Institute Inc., 
Cary, North Carolina).

Results
A total of 132 participants were recruited at baseline into the trial. 
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Mean age was 51.6 years, average education was 15.1 years, and the 
majority was female (68.9%). The racial composition of the sample 
was Caucasian (53.0%), Hispanic (24.2%), Black (16.7%), Asian 
(5.3%), and other (0.8%). The distribution of 5-HTTLPR, rs25531, 
rs6295, and uMAOA-VNTR high risk genotypes for depression/
neurosis was as follows: S/S (21.9%), LG (21.3%), G/G (21.1%), and 
any MAOA high activity allele (3.5, 4 or 5) (74.4%). With regard to 
the clinical trial, there were no significant differences on baseline 
characteristics between participants receiving CCBT vs. RCBT, except 
for the 5-HTTLPR allele distribution (Table 1). No association was 
found between depression severity and overall religiosity or between 

depression severity and genotype at baseline (analyses not shown). 

Religious involvement and genotype
Average levels of religious activity, belief, and experience by 

genotype are displayed in Table 2. No significant association was 
found in the overall sample between individual religious measures 
or overall religiosity and genotype, with two exceptions. There was 
a tendency for individuals with uMAOA-VNTR high activity alleles 
to attend religious services less often than those with no high activity 
allele (3.7 [SD=1.7] vs. 4.3 [SD=1.3], df=123, t=1.76, p=0.08); likewise, 
those with one or more high risk genotype in the combined analysis 

Overall Sample
(n=132)

Conventional CBT
(n= 67)

Religious CBT
(n= 65)

% (N) / Mean (SD) % (N) / Mean (SD) % (N) / Mean (SD)
Demographics

Age, years (range=24-84) 51.6 (13.5) 52.5 (13.7) 50.7 (13.3)
Education, years (4-31) 15.1 (3.4) 15.2 (3.2) 15.0 (3.5)

Gender (% women) 68.9 (91) 65.7 (44) 72.3 (47)
Race (% white) 53.0 (70) 58.2 (39) 47.7 (31)

Psychosocial characteristics
Beck Depression Inventory, score (10-42) 25.3 (8.5) 25.8 (9.2) 24.8 (7.6)

Social support, score (12-31) 22.5 (4.2) 22.2 (4.1) 22.8 (4.2)
Baseline antidepressant treatment (%, n) 34.8 (46) 37.3 (25) 32.3 (21)

Physical health
Physical functioning, score (17-36) 28.9 (5.7) 29.1 (5.6) 28.7 (5.9)

Severity of illness, score (0-22) 6.8 (5.2) 6.5 (4.7) 7.1 (5.7)
Medical diagnoses (%, n)

Peripheral vascular disease 14.4 (19) 14.9 (10) 13.9 ( 9)
Heart/circulatory (other) 13.6 (18) 17.9 (12) 9.2 ( 6)
Gastrointestinal (other) 24.2 (32) 29.9 (20) 9.2 ( 6)

Diabetes (no complications) 15.2 (20) 17.9 (12) 12.3 ( 8)
Musculoskeletal disorders 43.9 (58) 47.8 (32) 40.0 (26)

Urogenital diseases 13.6 (18) 14.9 (10) 12.3 ( 8)
Religious involvement

Affiliation (% Christian) 87.9 (116) 92.5 (62) 83.1 (54)
Importance of religion (% very) 47.0 (62) 44.8 (30) 49.2 (32)

Religious attendance, score (1-6) 3.8 (1.6) 3.9 (1.6) 3.8 (1.6)
Prayer/scripture read, score (1-6) 3.6 (1.7) 3.6 (1.8) 3.6 (1.6)
Intrinsic religiosity, score (12-50) 34.8 (8.4) 34.5 (8.3) 35.2 (8.4)

Daily spiritual experiences, score (19-94) 57.6 (15.9) 57.5 (16.1) 57.7 (15.9)
Religious coping, score (13-42) 29.3 (6.2) 29.1 (5.4) 29.5 (6.9)

Overall religiosity, score (60-190) 129.0 (29.6) 128.6 (29.4) 129.4 (30.1)
Genetic polymorphisms (n=120-128)

5-HTTLPR
L/L (%) 23.2 (29) 15.4 (10) 31.7 (19) *

S/L 57.6 (72) 61.5 (40) 53.3(32)
S/S 21.9 (24) 23.1 (15) 15.0 (9)

5-HTTLPR 
(rs25531)

LA/LA 79.5 (97) 82.5 (52) 76.3 (45)
LA/LG or LG/LG (LG) 21.3 (25) 17.5 (11) 23.7 (14)

HTR1A
(rs6295)

C/C 21.9 (28) 20.0 (13) 23.8 (15)
G/C 57.0 (73) 60.0 (39) 54.0 (34)
G/G 21.1 (27) 20.0 (13) 22.2 (14)

MAOAuVNTR activity
Low (3/3) 25.6 (32) 26.6 (17) 24.6 (15)

High (any hi risk allele) 74.4 (93) 73.4 (47) 75.4(46)

Any HRG1
Absent 12.5 (15) 12.9 (8) 12.1 (7)
Present 87.5 (105) 87.1 (54) 87.9(51)

Table 1: Characteristics of overall sample and treatment groups.

1HRG= high risk genotype= S/S, LG, G/G, or high activity MAOA-uVNTR (3.5, 4, or 5)
*p<0.05
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attended religious services less frequently than those with no high risk 
genotype (3.7 [SD=1.7] vs. 4.7 [SD=1.2], df=118, t=2.07, p=0.04). 

Race
Post-hoc analyses stratified by race focused on Blacks and white 

Caucasians (analyses not shown). Among Blacks, those with the LG 
genotypes of the rs25531 (n=9) were less likely to attend religious 
services than those who were homozygous for the high activity LA 
alleles (LA/LA, n=12) (3.3 [SD=1.4] vs. 4.8 [SD=1.1], df=19, t=2.72, 
p=0.01). Daily spiritual experiences were also less frequent among 
Blacks carrying the LG allele than in those who were homozygous 
for the LA alleles (54.9 [SD=16.1] vs. 68.3 [SD=13.0], df=19, t=2.12, 
p<0.05). As a result, overall religiosity tended to be lower among 
Blacks with the LG genotype than in those who were homozygous 
for the LA allele (129.3 [SD=30.0] vs. 150.2 [SD=21.4], df=19, t=1.86, 
p=0.08) (Figure 1). 

Finally, Blacks with one or more of the four high risk genotypes 
(i.e., S/S, LG, G/G, or a high activity allele of MAOA-uVNTR [3.5, 4, 
or 5]) were less likely to attend religious services than those without 
any high risk genotypes (3.8 [SD=1.4] vs. 5.8 [SD=0.5], df=18, t=2.72, 
p=0.01), tended to pray, meditate, or read religious scriptures less 
often (3.8 [SD=1.5] vs. 5.3 [SD=0.50], df=18, t=1.90, p=0.07) and had 
fewer daily spiritual experiences (59.8 [SD=15.3] vs. 76.0 [SD=12.2], 
df=18, t=1.97, p=0.07).  No other associations in Blacks were 
significant (or trend), nor were any associations in white Caucasians.

Gender
Post-hoc analyses stratified by gender (analyses not shown) 

revealed that among men, those with any high risk genotypes in 
the combined analysis were less likely to report daily spiritual 
experiences (51.3 [SD=17.6] vs. 65.3 [SD=13.4], df=33, t=2.06, 
p=0.047) and scored lower on overall religiosity (117.5 [SD=30.8] vs. 

Religious Attendance Prayer/
Scripture Intrinsic Religiosity Spiritual Experiences Religious Coping Overall Religiosity

Genetic Polymorphism Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)

5-HTTLPR

L/L (n=29) 4.0 (1.5) 3.9 (1.8) 36.2 (8.0) 58.6 (17.3) 29.9 (7.0) 132.7(32.6)

L/S (n=72) 3.7 (1.6) 3.5 (1.7) 35.0 (8.0) 58.6 (15.7) 29.7 (6.1) 130.5(28.7)

S/S (n=24) 3.9 (1.8) 3.5 (1.8) 32.3 (9.9) 53.6 (15.8) 27.3 (5.9) 119.4 (29.7)

5-HTTLPR (rs25531)

LA/LA (n=97) 3.9 (1.7) 3.6 (1.7) 34.4 (8.8) 57.0 (16.1) 29.1 (6.3) 127.9(30.5)

LG/LG or LA/LG (n=25) 3.5 (1.3) 3.8 (1.7) 35.4 (6.7) 59.3 (16.1) 29.8 (6.2) 131.8(27.8)

HTR1A (rs6295)

C/C (n=28) 3.9 (1.8) 3.4 (1.9) 36.3 (8.6) 58.6 (15.3) 29.7 (6.6) 132.0(29.3)

C/G (n=73) 3.8 (1.5) 3.6 (1.6) 34.2 (8.2) 56.2 (17.0) 28.8 (6.3) 126.2(30.6)

G/G (n=27) 4.0 (1.7) 4.0 (1.7) 35.3 (8.8) 61.0 (14.0) 30.4 (5.6) 134.7(28.3)

MAOA-uVNTR1

Low (n=32) 4.3 (1.3) # 3.6 (1.8) 34.4 (9.2) 58.3 (18.3) 29.1 (7.2) 128.9(33.8)

High (n=93) 3.7 (1.7) 3.6 (1.7) 35.0 (8.2) 57.2 (15.3) 29.4 (6.0) 128.8(28.7)

Combined2

No HRG3 (n=15) 4.7 (1.2) * 4.1 (1.5) 36.6 (8.7) 62.3 (13.2) 31.2 (6.0) 138.8(26.3)

Any HRG (n=105) 3.7 (1.7) 3.6 (1.7) 34.3 (8.4) 56.6 (16.4) 29.0 (6.3) 127.1(30.4)

Table 2: Average level of religiosity by polymorphism type or combination of polymorphism type (overall sample).

SD=Standard Deviation
*p<0.05, # 0.05<p<0.10 (analysis of variance or t-test) (n=119-128)
1Low activity=two low activity alleles only (3/3); high activity= any high activity alleles (3.5, 4, or 5)
2Combined= S/S or LG or G/G or any high activity MAOA-uVNTR alleles (3.5, 4, or 5) (high risk genotypes)
3HRG= high risk genotype
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Figure 1: Average overall religiosity (standard error mean) by genotype in 
Blacks (n=20-21).
LA=LA/LA, ML=MAOA low activity genotype (3/3), MH=MAOA high activity 
genotypes (3.5, 4, or 5); N=no high risk genotypes, HRG=one or more high 
risk genotypes (i.e., S/S, LG, G/G, or MH). Sample size ranges from 20-21 due 
to incomplete genotype data on one Black participant.
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144.5 [SD=28.3], df=33, t=2.21, p=0.03) compared to those with no 
high risk genotypes. No other associations in men were statistically 
significant, nor were any associations in women.

Effect of genotype on treatment response
Trajectories of response to RCBT (1) vs. CCBT (0) in each 

genotype were examined using mixed effect regression models (Table 
3). Each model included the fixed effects of treatment group, time, 
time squared, and the interaction of treatment group with time (as 
described in the primary report from the trial [51]). In the overall 
sample, there were no significant differences in treatment response 
to RCBT vs. CCBT, except in those with the C/C genotype of the 
HTR1A (rs6295), where RCBT was particularly effective in reducing 
depressive symptoms compared to CCBT (group x time interaction 
B=3.33, SE=1.17, df=62, t=2.86, p=0.0058, n=28, Cohen’s d=0.73) 
(Figure 2).  When analyses were stratified by overall religiosity, effects 
were particularly strong in those with low religiosity (group x time 
interaction B=4.32, SE=1.56, p=0.0097).  Those with no high risk 
genotype were also more likely to respond to RCBT (group x time 
interaction B=3.40, SE=1.60, df=32, t=2.12, p=0.042, n=15, d=0.75). 

Discussion
This is one of the first studies to examine the relationship between 

religious involvement and candidate polymorphisms at the serotonin 
transporter gene, serotonin 1A receptor gene, and MAOA gene. To 
our knowledge, this is the first study to examine those relationships 
in persons with major depressive disorder in the setting of chronic 
medical illness (a common stressor for many). This is also the first 
study to examine the effects of genotype on trajectories of response 
to religious vs. conventional CBT. Although the results presented 
here are highly exploratory in nature, the analyses were hypothesis 
driven and plausible given the existing research. However, none 
of our three hypotheses was confirmed, namely religiosity was not 
associated with most genotypes conveying high risk for depression; 
the effectiveness of the two types of therapy did not vary based on 
the patient’s genotype, except in those with the C/C genotype of the 
HTR1A gene and those with no high risk genotype; and RCBT was 
not more effective in participants with  high risk genotypes who were 
more religious than other participants.

Few relationships were found between religious activities, 
attitudes, or experiences and genotypes examined in this study. 
The only significant finding in the overall sample was that religious 
attendance was less common among those with at least one high risk 
genotype, and tended to be less common in those with high activity 
alleles of the MAOA-uVNTR gene. In post-hoc analyses that involved 
stratification by race and gender, several additional significant 
relationships were found, again in the opposite direction expected. 
Among Blacks, the presence of one or more high risk genotype, 
especially those containing the low functioning LG genotype of the 
rs25531 polymorphism (SLC6A4 gene), was associated with less 
frequent attendance at religious services and fewer daily spiritual 
experiences. A similar relationship was found in men, where the 
presence of one or more high risk genotype was associated with fewer 
daily spiritual experiences and lower overall religiosity. 

Thus, while there were few findings, they were at least consistent. 

Response to RCBT vs. CCBT

Genetic Polymorphism Overall Low Religiosity High Religiosity

5-HTTLPR Estimate (SE) 1 Estimate (SE) Estimate (SE)

L/L (n=29) -0.38 (1.19) 0.52 (1.64) -0.82 (1.62)

S/L (n=72) 0.88 (0.78) 1.05 (1.02) 0.88 (1.19)

S/S (n=24) 1.16 (1.22) 1.46 (1.49) 0.24 (2.17)

5-HTTLPR (rs25531)

LA/LA (n=97) 0.88 (0.64) 1.34 (0.86) 0.08 (0.96)

LG/LG or LA/LG (n=25) -0.14 (1.30) -1.10 (1.41) 0.48 (1.94)

HTR1A (rs6295)

C/C (n=28) 3.33 (1.17)** 4.32 (1.56)** 3.07 (1.73)

C/G (n=73) -0.17 (0.73) -0.50 (0.94) 0.11 (1.13)

G/G (n=27) -0.65 (1.17) 1.00 (1.78) -2.12 (1.56)

MAOA-uVNTR2

Low (n=32) 1.55 (1.03) -0.04 (1.30) 2.42 (1.73)

High (n=93) 0.30 (0.65) 0.95 (0.91) -0.38 (0.92)

Combined3

No HRG (n=15) 3.40 (1.60)* 0.00 (0.00) 2.57 (2.47)

Any HRG4 (n=105) 0.31 (0.61) 0.70 (0.81) -0.16 (0.93)

Table 3: Treatment response to RCBT vs. CCBT by polymorphism type or 
combination of polymorphism type for overall sample and for sample divided by 
level of religiosity.

*p<0.05 
RCBT = religious-integrated cognitive behavioral therapy; CCBT = conventional 
CBT
1Unstandardized beta (B or estimate) and standard error (SE) from mixed 
model for group by time interaction (intent-to-treat analysis at 12 weeks), where 
RCBT=1 and CCBT=0
2Low activity= two low activity alleles only (3/3); high activity= any high activity 
alleles (3.5, 4, or 5)
3Combined=S/S or LG/LG or LA/LG or G/G or any high activity MAOA-uVNTR 
alleles (3.5, 4, or 5) (high risk genotypes)
4HRG= high risk genotype
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Figure 2: Changes in Beck Depression Inventory (BDI) in response to 
religious vs. conventional cognitive behavioral therapy in those with HTR1A 
genotype C/C (standard error bars) (n=28).
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If replicated in future studies, this could help to explain why greater 
religious involvement is associated with lower rates of depression 
and perhaps faster recovery from depression in those with chronic 
medical illness, at least among Blacks and men. Those who develop 
depression may be at greater risk of having certain genotypes that both 
increase their risk of depression and lower the likelihood of religious 
activity, thus resulting in an inverse relationship between religiosity 
and depression in this setting. Admittedly, this explanation is highly 
speculative, based on the results of only a single study -- a study in 
which neither religiosity nor genotype were related to depressive 
symptoms. However, it is a plausible explanation that could help to 
account for relationships previously reported between religiosity and 
depression. The findings reported here are also consistent with earlier 
research in 2,537 healthy community-dwelling adolescents and young 
adults (one of the few studies, if not only study reporting associations 
between religious involvement and genotype), where presence of the 
high risk S allele of 5-HTTLPR was associated with lower religious 
involvement, a finding that was particularly strong in Blacks [65].

Although we hypothesized that religious CBT would be more 
effective than conventional CBT in those with high risk genotypes, we 
actually found the opposite with regard to the HTR1A polymorphism.  
RCBT was more effective than CCBT in those with the low risk C/C 
genotype, especially in those with low religiosity.  Furthermore, RCBT 
was also more effective in those without any high risk genotype.  
Neither of these findings are consistent with our hypothesis.  They 
are consistent, however, with the finding of higher religiosity in those 
with low risk genotypes.  Thus, religiosity is both higher in those with 
low risk genotypes (at least in certain subgroups) and religious CBT 
is also more effective than conventional CBT in depressed persons 
with the low risk C/C genotype and in those without any high risk 
genotype.

Limitations
Several aspects of the sample, methodology, and analysis limit 

the generalizability of these results and the conclusions that can 
be drawn from them. First, this was a population recruited for a 
treatment trial of depression (rather than an epidemiological sample 
with a defined sampling frame) and religion/spirituality was at least 
somewhat important for all participants and all had major depressive 
disorder and chronic medical illness. The prevalence of the S allele 
among white Caucasians and Blacks in our sample (79% and 45%, 
respectively) was considerably higher than others have reported in 
non-depressed healthy community samples (50% and 30%) [20], 
and although the prevalence of the LG allele in white Caucasians here 
(13%) was similar to that reported by others (8%), it was much higher 
in Blacks in our sample (43%) compared to that reported by others 
(21%) [21]. Second, our relatively small sample size limited the power 
to identify significant associations, especially in subgroup analyses 
stratified by race and gender. Studies examining psychosocial 
correlates of genotype typically require thousands of subjects. Third, 
there is controversy in the literature over which genotypes if any are 
considered high risk for the development of depression. Nevertheless, 
there is considerable literature to support the particular high risk 
genotypes chosen here, and the proteins they code for are known to 
affect levels of neurotransmitters in the brain that influence mood 
states.  Finally, the multiple statistical tests performed in this report 
make it likely that several of the significant findings reported were due 

to chance alone. Using the conservative Bonferroni method to correct 
for multiple comparisons would have reduced the level of statistical 
significance to p<0.0005. However, given the exploratory nature of 
these analyses we felt that using the traditional definition of statistical 
significance (p<0.05) for reporting these initial findings was justified.

Conclusion
We found minimal evidence that religious involvement is 

associated with a genotype associated with increased risk of 
depression, although that evidence was consistent. In the overall 
sample, participants with one or more high risk genotypes were less 
likely to attend religious services. In subgroup analyses, Blacks with 
high risk genotypes were less likely to engage in religious activities or 
have daily spiritual experiences, and men with such genotypes were 
less likely to have spiritual experiences and were less religious overall. 
Finally, individuals with the HTR1A genotype C/C (especially 
those who were low on religiosity) had a more vigorous response to 
religious CBT than to conventional CBT, as did participants with 
no high risk genotype, which could have treatment implications. 
Whether these findings reflect true associations and effects or are the 
result of multiple statistical comparisons or the unique nature of this 
sample is unknown. However, they suggest worthy areas to research 
in different locations and larger samples.
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