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Abstract

A prior report (Tenke et al. 2013 Biol. Psychol. 94:426–432) found that participants who rated 

religion or spirituality (R/S) highly important had greater posterior alpha after 10 years compared 

to those who did not. Participants who subsequently lowered their rating also had prominent alpha, 

while those who increased their rating did not. Here we report EEG findings 20 years after initial 

assessment. Clinical evaluations and R/S ratings were obtained from 73 (52 new) participants in a 

longitudinal study of family risk for depression. Frequency PCA of current source density 

transformed EEG concisely quantified posterior alpha. Those who initially rated R/S as highly 

important had greater alpha compared to those who did not, even if their R/S rating later increased. 

Furthermore, changes in religious denomination were associated with decreased alpha. Results 

suggest the possibility of a critical stage in the ontogenesis of R/S that is linked to posterior resting 

alpha.

Keywords

EEG alpha; religion and spirituality; current source density (CSD); Principal Components 
Analysis (PCA); depression risk; development

Disclosure
Drs. Tenke, Kayser, Warner, Wickramaratne and Bruder, Mr. Alvarenga, and Ms. Abraham have no disclosures to make. Dr. Svob has 
received funding from the Templeton Foundation, and Dr. Miller has received funding from the Templeton Foundation, the 
Klingenstein Fund, and the Pritchard Foundation, and received payment from Oxford University Press. Dr. Weissman has received 
funding from NIMH, the National Institute on Drug Abuse (NIDA), NARSAD, the Sackler Foundation, the Templeton Foundation, 
and the Interstitial Cystitis Association, and receives royalties from Oxford University Press, Perseus Books, American Psychiatric 
Association Press, and MultiHealth Systems.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

HHS Public Access
Author manuscript
Biol Psychol. Author manuscript; available in PMC 2018 March 01.

Published in final edited form as:
Biol Psychol. 2017 March ; 124: 79–86. doi:10.1016/j.biopsycho.2017.01.005.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



1. Introduction

Prominent EEG alpha, which is typically obtained from surface potentials measured at scalp, 

has been associated with better pharmacologic treatment outcomes for clinical depression 

(Bruder et al., 2008; Tenke et al., 2011; Ulrich et al., 1986). However, systematic 

comparisons of resting alpha for reference-dependent (nose, average) EEG with reference-

free surface Laplacian or current source density (CSD) transformations have demonstrated 

considerable pitfalls for spectra derived from surface potentials (SP) that are effectively 

counteracted by CSD (Kayser and Tenke, 2006, 2015a,b; Tenke and Kayser, 2005, 2015). 

Compared to SP spectra, CSD spectra not only have sharper topographies (Tenke et al., 

2015) but also provide the more consistent and appropriate representation of distributed 

posterior generators in simulation (Tenke & Kayser, 2015), and thereby yield more reliable 

estimates of alpha activity at scalp. We found that overall posterior CSD alpha during rest is 

strongly correlated with prestimulus alpha in a novelty oddball task (Tenke et al., 2015), 

suggesting that posterior alpha may reflect a stable individual trait that cuts across task 

boundaries or experimental protocols. Even though posterior alpha has been associated with 

a family history of MDD (Bruder et al., 2005), it remains to be determined to what extent 

posterior alpha is (1) related to a vulnerability to depression, (2) a predictor of treatment 

outcome, or (3) an initial vulnerability that is linked to a subsequent propensity toward 

recovery.

The personal importance of religion or spirituality (R/S) is associated with protection against 

depression (Kendler et al., 1997; Miller et al., 1997; Smith et al., 2003), and particularly 

against recurrence of depression (Miller et al., 2012), which is consistent with an acquired 

resilience following initial vulnerability to MDD. We previously observed that individuals 

who differed by personal importance of R/S also differed in the prominence of EEG alpha 

(Tenke et al., 2013) suggesting that prominent alpha may be a marker for a cluster of related 

biological, affective and hedonic predispositions. Those who rated R/S as important at an 

initial test session had greater EEG alpha at a subsequent assessment ten years later than 

those who did not (Tenke et al., 2013). Our initial considerations led us to hypothesize that 

EEG alpha might increase in amplitude as a result of R/S importance. In this scenario, alpha 

enhancement could be a result of meditation or prayer (Aftanas & Golosheykin, 2005; Cahn 

& Polich, 2006; Chiesa, & Serretti,2010), stress reduction (Flannelly et al., 2007; Koenig, 

2009; Meisenhelder & Marcum, 2009; Stein et al., 2004 ), or other practices that might 

accompany R/S. However, our EEG findings were inconsistent with this interpretation, 

because we observed neither the enhancement of alpha with newly acquired R/S importance, 

nor its disappearance when the valuation of R/S decreased.

Another conclusion that might be drawn from the data is that EEG alpha could be a marker 

for the ontogenesis and time course of a disposition toward R/S, rather than either a result or 

correlate of R/S itself. However, this simpler conclusion is at best preliminary, because the 

data were limited to changes in R/S Importance assessed at the same time point at which the 

EEG was measured. It was thereby possible that hypothesized changes in EEG alpha simply 

required additional time to develop. Conversely, prominent alpha could itself be the trait that 

protects against MDD and/or is predictive of a good treatment response, and that individuals 

with this trait disproportionately value R/S highly. Apart from these conceptual 
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considerations, an additional limitation of the original study was a limited spatial sampling 

of the alpha topography with a low-density EEG montage (i.e., 13 sites), which might have 

under-represented the complete posterior generator topography of alpha.

The purpose of the present study was to replicate and extend the previous findings on R/S 

and EEG alpha. After an additional ten year interval, a larger sample of participants were 

administered two additional R/S assessments and an EEG recording using a higher density 

montage (i.e., 72 sites) to better captures the generator topography of EEG alpha. The 

additional assessments over time allowed us to distinguish between two competing 

hypotheses: (1) those who were initially identified as having high R/S importance would 

continue to show high alpha, regardless of intervening R/S reports (i.e. the initial R/S 

distinguished between individuals differing in the trait of EEG alpha); or (2) individuals who 

increased, and subsequently maintained, their self-reports of R/S importance would also 

develop high amplitude alpha (i.e. prominent alpha is associated with persistent R/S 

importance).

2. Methods

2.1. Participants

This report included seventy-three adult participants (43 female) who had EEG recordings at 

year 30 (T30; mean age 43.25 yrs ± 10.2) as part of a multiwave three-generation 

longitudinal study of individuals at high and low risk for major depression based on family 

history (Weissman et al, 1997, 2005, 2006, in press). Twenty-one participants were also 

included in our previous report of the findings at T20 (Tenke et al., 2013), while the 

remaining 53 only had EEG data at T30. In the original wave of the study (Weissman et al., 

1997), probands with moderate to severe major depressive disorder were selected from 

outpatient clinics for the psychopharmacologic treatment of mood disorders, and 

nondepressed, demographically-matched control participants were selected from an 

epidemiologic sample of adults with no psychiatric history from the same community. The 

sample was recruited from an urban setting (greater New Haven area, Connecticut, US), and 

consisted of Caucasian and working or middle class individuals. Clinical assessments were 

conducted by independent interviewers who were blind to the participant’s previous clinical 

history (personal or family).

Assessments were from waves at years 10 (T10; beginning 1992), 20 (T20; beginning 2002), 

25 (T25) and 30 (T30). All procedures had been approved by the institutional review boards 

at Yale University and at Columbia University/New York State Psychiatric Institute. All 

participants gave written informed consent. As indicated in Table 1, 46 participants who 

were at high risk due to parental depression were also characterized by significantly greater 

lifetime rates of MDD compared to those in the low risk group (Fisher exact test, p = .003).

2.2. Religiosity or spirituality

Assessments included participant responses on religious denomination and attendance 

(“never” to “once a week or more” on a 5-point scale) at T10, T20, T25 and T30. As 

indicated in Table 2, participants were predominantly Roman Catholic (70%) when first 
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assessed at T10, which dropped to 51% by T30. A total of 44% of the participants reported a 

change in religious denomination during this time span. R/S importance was also assessed 

with the question “How important is religion or spirituality to you?” Response option ranged 

from 1 to 4 (“not important at all,” “slightly important,” “moderately important,” “very 

important”). This question showed robust correlations with the widely-used Fetzer Institute 

full-scale measure of personal spirituality (Idler et al., 2003). The terms “religion” and 

“spirituality” were both included in this question because they are frequently linked together 

in studies on health (Koenig et al., 2001; Larson and Larson, 2003; Tsuang et al., 2002). 

Participant responses were dichotomized as “very important” vs. all other responses based 

on prior findings (Miller et al., 1997, 2012; Tenke et al., 2013), and will hereafter be referred 

to as “Important” and “Not Important” for sake of brevity.

Table 3 shows the R/S/Importance classification of all participants at assessment time T10 

and the later assessments, indicating subgroup classifications (italics) and corresponding cell 

sizes for the resulting subgroups and the cross-tabulation marginals (row and column sums). 

Only 21 participants provided EEG at wave 20 (ns in parentheses). Of the 73 in the present 

sample, 14 were categorized as “Important” at T10. All except 4 of these changed their 

prioritization at a later assessment (i.e., they “Migrated Out” of their prioritization). 

However, the total number who prioritized R/S as Important at any assessment increased to 

37 including 23 participants initially classified as “Not Important” at T10 (i.e., they 

“Migrated In”). The remaining 36 probands were stable in their expression of faith as “Not 

Important” (i.e., “Never”). To be consistent with the classification used in Tenke et al. 

(2013), comparisons will be made for these four major subgroupings (Always, Migrated 
Out, Migrated In, Never), or after collapsing Always and Migrated Out probands.

Table 4 dissects the composition of these subgroupings by familial risk, gender, and lifetime 

MDD, with bolded labels reflecting the number of probands included for testing the primary 

hypotheses (i.e., Important at T10, Migrate In and Never). Women were no more likely 

than men to rate R/S as “Important” at any assessment (Always plus Migrate Out plus 

Migrate In; 21 out of 44 vs. 11 out of 29; Fisher exact test, two-sided, ns). Likewise, neither 

risk of MDD due to family history nor lifetime history of MDD distinguished between these 

three major groupings.

2.3. EEG methods

Resting EEG was measured while participants sat quietly during four 2-min periods (order 

of eyes-open and eyes-closed counterbalanced across participants and assessments) after 

being instructed to avoid blinking and eye and body movements (fixation cross used for 

eyes-open condition; e.g., cf. Tenke et al., 2011). Continuous data were acquired at 256 

samples/s using a 24-bit EEG recording system (BioSemi, Inc., 2001) with a 72-channel 

10/10-system scalp montage (Jurcak et al., 2007; Pivik et al., 1993) including the nose. Data 

were blink-corrected offline using a spatial, singular value decomposition (NeuroScan, 

2003), and segmented into 2-s epochs (75% overlap). Epoched data were screened for 

electrolyte bridges (Alschuler et al., 2014; Tenke and Kayser, 2001), and affected channels 

interpolated via spherical splines (Perrin et al., 1989). Channels containing artifacts or noise 

for any given trial were identified using a reference-free approach to identify isolated EEG 
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channels containing amplifier drift, residual eye activity, muscle or movement-related 

artifacts for any given trial (Kayser and Tenke, 2006b), which were then replaced by 

spherical spline interpolations (Perrin et al., 1989) from artifact-free channels (i.e., if fewer 

than 25% of all channels contained artifact). Artifact detection and electrode interpolation 

was verified interactively. Finally, epochs exceeding ±100 μV in any channel (including 

uncorrected EOG) were rejected to conform to conventional methods.

2.4. Quantification of posterior alpha generators

Artifact-free EEG epochs were transformed to CSD using a spherical spline Laplacian 

(spline flexibility constant m = 4, regularization constant λ = 10−5, 50 iterations; Perrin et 

al., 1989; Kayser and Tenke, 2006, 2015; cf. Kayser, 2009). The DC offset of each epoch 

was removed, the EEG was tapered over the entire 2-s duration using a Hanning window 

(Bendat and Piersol, 1971), and padded with zeros (1 s at each end). The CSD power spectra 

obtained using a subsequent FFT was thereby 0.25 Hz (Neuroscan, 2003), which is 

consistent with Tenke et al. (2011; 1-s epochs padded to 4 s; 1024 points/epoch) although 

with less spectral interpolation. CSD amplitude spectra (square root of power spectra; Tenke 

and Kayser, 2005) were submitted to unrestricted, covariance-based frequency PCA (fPCA) 

followed by unrestricted Varimax rotation of the covariance loadings (Kayser and Tenke, 

2003).

Figure 1 shows the first four CSD-fPCA factors, comprising 85% of the CSD variance, with 

all remaining factors accounting for less than 4%. Low- and high-frequency alpha factors 

were unambiguously identifiable by their spectral loadings waveforms and their condition-

related topographies (Tenke & Kayser, 2005, 2015; Tenke et al., 2011, 2015). These factors 

were subsequently pooled over their posterior maxima over each hemisphere (low-frequency 

alpha, right hemisphere: PO10, PO8, P8; high-frequency, right hemisphere : PO8, PO4, O2, 

POz, Oz; homologous sites for left hemisphere).

2.5. Statistical method

The analysis strategy precisely followed that used in our previous study of EEG and R/S 

(Tenke et al., 2013). Posterior alpha CSD was compared using a repeated measures ANOVA 

with alpha Factor (high-frequency alpha, low-frequency alpha), Hemisphere (left, right) and 

Condition (eyes-open, eyes-closed ) as within-subject factors and Importance at T10 
(Important, Not Important) as the primary grouping factor. Between-subjects variables of 

Gender (male, female), Parental Depression (no parental MDD, parental MDD), and 

Lifetime Depression (MDD, No MDD) were also included as control design factors, and age 
at the T30 EEG session as used a covariate. Previous CSD-fPCA findings have not 

suggested important distinctions between the two posterior alpha factors as related to MDD 

treatment response (Tenke et al., 2011) or R/S importance (Tenke et al., 2013). 

Consequently, effects involving Factor were not specifically probed (but see Table S1 in 

Supplementary Material).

Additional analyses followed directly from the findings of Tenke et al. (2013). In particular, 

Always Important and Migrate Out were collapsed into a single group, owing to the 

observation that both groups had greater alpha compared to Migrate In, and because of the 
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small number of Always Important participants. Likewise, ANOVA models were 

supplemented by distribution-free statistics (Mann-Whitney U) to compare overall (mean 

across conditions) and net (difference between conditions) alpha between the same groups. 

Finally, participants were classified as having high or low overall alpha amplitude based on 

the median for those who never reported R/S as important (Tenke et al., 2013). The resulting 

contingency tables were compared using a Fisher exact test.

Inasmuch as religious concordance within families has itself been linked to protection 

against MDD (Miller et al., 1997; Jacobs et al., 2012), significant findings involving 

religious importance were followed up by repeated measures ANOVA directly comparing 

the two Migrator Groups (Migrate Out, Migrate In), with Denomination Change (changed, 

not changed), and Gender as additional grouping factors, and with age and attendance at T30 

as a covariates.

3. Results

The repeated measures ANOVA model for Importance at T10 (Always/Migrate Out vs 

Migrate In/Never) revealed a Group main effect (F[1,58] = 5.20; p=.026), owing to 

significantly greater overall posterior EEG alpha for the Always/Migrate Out group. This 

difference is prominently illustrated by the overall mean factor score topographies shown in 

Fig. 2, where Always/Migrate Out (Important at T10) group has the greatest alpha. The 

ANOVA for these three groupings supports this observation with a marginally significant 

Importance main effect (F[2,51]=3.063; p=.055), and a significant Condition × Parental 
Depression × Lifetime Depression interaction (F[1,51]=6.337, p=.015).1 The Condition 
main effect was robust, as expected (greater alpha for eyes-closed than eyes-open; F[1, 51] = 

9.889, p=.003; cf. Fig. 1).

Fig. 3 shows the scatter plot of overall alpha factor score amplitude for each of the R/S 

subgroupings. Alpha amplitude was greatest for Always/Migrate Out (i.e., those reporting 

R/S important at T10). Notably, the two Migrate Out participants who resumed their high 

valuation of R/S importance by T30 (green triangles) had no greater overall alpha than those 

who did not. In contrast, Migrate In participants generally showed low overall alpha 

amplitude, regardless of whether their acquired importance persisted (blue triangles) or was 

lost by T30 (green inverted triangle). Consequently, the difference between Always/Migrate 
Out and Migrate In is robust (Mann-Whitney U=68, N=37, p=.003), as is the contingency 

table using the Never median as a classification threshold (Fisher 2-tailed exact test p=.006).

Also evident in Fig. 3 is the observation that of those who reported R/S as important at any 

time, the five individuals with the highest amplitude alpha were the Migrators who retained 

their religious denomination (filled symbols). The difference in alpha due to denomination 

change was evaluated by a repeated measures ANOVA with Denomination Change 
(changed, not changed), Migrator Group (Migrate In, Migrate Out) and Gender as between-

subject factors and age and attendance as covariates, yielding a significant effect of 

1ANOVA interactions were observed involving Factor (high frequency alpha, low frequency alpha) and Gender (male, female). These 
are presented as supplementary material (Table S1) and will not be further discussed in this report.
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Denomination Change (F[1, 19] = 5.061, p = .037). Moreover, a condition-dependent 

difference between migrator groups was observed (Condition × Migrator Group interaction, 

F[1,19] = 6.152, p=.023) in further qualification of a marginally significant overall Migrator 
Group main effect (F[1,19] = 3.961, p=.061).

4. Discussion

4.1 EEG Alpha and R/S Importance: Replication and extension

These findings provide additional support for the linkage between the time course of 

personal R/S importance that unfolds over a lifetime and a persistent individual trait of 

prominent posterior EEG alpha. The present report extends the time scale of this linkage by 

an additional ten years in a larger, mostly independent sample of participants. Moreover, by 

virtue of using a substantially denser EEG montage (72 vs. 13 sites), the effects could be 

unequivocally matched the unique neuronal generator pattern identified with posterior EEG 

alpha (Tenke et al., 2011, 2015).

These findings closely parallel those reported for the T20 EEG sample (Tenke et al., 2013). 

Individuals who initially (T10) reported a high personal importance of R/S had significantly 

greater posterior resting EEG alpha when measured twenty years later (T30). In contrast, 

those who only later reported a high personal R/S importance (Migrate In) were 

characterized by low amplitude alpha. Although these differences were quite robust, the 

Migrate In group for the present sample included a number of individuals with high 

amplitude alpha (8/23 greater than Never median), as compared to substantially fewer (2/12) 

in the previous study (Tenke et al., 2013).

The number of participants included in both the present and the previous study (Tenke et al., 

2013; i.e., EEG recorded at both T20 and T30) and who reported R/S as Important at T10 

was quite small (Table 3, n = 4). However, data from a considerably larger sample with EEG 

at both assessments (T20 and T30 EEG; alpha comparisons based on the smaller montage) 

revealed a strong test-retest correlation for overall posterior alpha (Tenke et al., submitted). 

The evidence is therefore quite strong that R/S Importance at T10 uniquely identifies an 

individual as having prominent overall EEG alpha independent of any subsequent changes in 

personal evaluation of R/S Importance.

A sizeable subsample of Migrate In participants again changed their appraisal of R/S 

importance by T30 (Fig. 3, those Migrate In who migrated out again at T30 [green inverted 

triangles]). These cases consistently had low amplitude alpha, with only one exception. 

However, while there were only two Migrate Out cases that changed again (Migrate Out 

who migrated in again at T30 [green triangles]), and neither one had exceptionally high 

amplitude alpha. Collectively, there is little evidence that the persistence or recency of R/S 

importance has any impact on posterior alpha. However, migrators with the greatest alpha 

were those with a stable religious denomination (solid symbols). Inasmuch as concordance 

of denomination across generations is also protective against depression (Miller et al., 1997; 

Jacobs et al., 2012), a possible association between religious discord and (low) alpha cannot 

be ruled out. Further inferences cannot be drawn given the limited sample sizes.
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4.2 Individual differences in EEG alpha

EEG alpha is characteristically produced in states of relaxed wakefulness with reduced 

sensory stimulation (Gloor, 1969), which provides the rationale for applying net alpha (eyes 

closed minus eyes open) as a measure of deactivation (Bruder et al., 1997; Henriques & 

Davidson, 1990). Not surprisingly, structured meditation practice has been shown to increase 

EEG alpha (Cahn & Polich, 2006), suggesting that meditation and compatible forms of 

prayer share a physiological basis with relaxation and disengagement. Conversely, focused 

attention or stress-related processes are consistent with alpha blocking. This 

conceptualization implies that a continuum exists for alpha connecting behavioral states with 

minimal demands, such as the eyes-open/closed resting EEG, to those in more demanding 

tasks. However, there are substantial individual differences in EEG alpha (e.g., Klimesch, 

1999). While some individuals show appreciable alpha during relatively difficult tasks, 

others may produce minimal or no alpha while relaxing with eyes closed. These limiting 

conditions (i.e. floor and ceiling effects) offer at least a partial explanation for the 

observation that prestimulus task-related alpha (auditory novelty oddball) was strongly 

correlated with overall alpha, but negatively correlated with net alpha (Tenke et al., 2015). 

This distinction is particularly important because early R/S Importance was an indicator for 

overall alpha, rather than net alpha, in this and our previous study (Tenke et al., 2013).

4.3 Religious denomination, R/S importance and EEG alpha

The impact of denomination change on posterior resting alpha could have a simple origin. 

Inasmuch as Migrators view, or have viewed, R/S as very important, a change in 

denomination has the capacity to index a stressful life event with implications beyond 

personal R/S. These implications can include familial relationships, personal identity, and 

even the disruption of coping strategies previously accessed by personal R/S (Koenig, 2009). 

In individuals who happen to already have high amplitude resting alpha, there could be a 

degradation in the rhythm itself, as well as in restorative effects normally derived from 

relaxed wakefulness, meditation or prayer. It is even possible that the context of the 

assessments, being part of a longitudinal study within families, could rekindle old conflicts 

or stress in some individuals.

The twice verified association of early R/S importance with alpha is more complex. Even 

though denomination change could contribute to the time course of alpha, particularly for 

some migrators, it is not sufficient to explain the unique relevance of the R/S assessment at 

T10. This problem prompts a fundamental question about R/S importance: What is special 

about T10? The difference cannot be the age of the participant, because each of the groups 

contain participants of comparable ages. It also cannot be linked to individual differences, 

because the two studies were made up of largely independent samples. One possible 

explanation is that the question, “How important is religion or spirituality to you?,” has 

changed its meaning or selectivity over time.

Local or cultural changes in the practice of, or attitude about, R/S may correspond to the 

increasing trend in the United States to self-identify as “spiritual but not religious.” This 

trend could itself have been further distorted in the T20 assessment, owing to their 

administration after the 9/11 terrorist attacks in New York City, the aftermath of which 
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included higher rates of distress reactions (Stein et al., 2004). In one religious sample, most 

respondents reported feeling a closer connection to God or significant others (Meisenhelder 

& Marcum, 2009), although those with higher stress or perceived threat engaged in multiple 

coping mechanisms. Conversely, the impact of political divisiveness, warfare and perceived 

religious extremism of all forms could result in an “overloaded” question for many 

individuals. It is likewise unclear how the now ubiquitous engagement with hand-held 

technology might affect resting state brain activity and informal R/S practice by competing 

for the time required for contemplative silence.

4.4 Limitations of R/S importance item

The R/S importance item was chosen over twenty years ago as a brief measure suitable to 

the time-constraints of the participants in the ongoing longitudinal study of familial risk for 

MDD, but still likely to distinguish meaningful differences (cf. Miller et al., 1997, 2012). It 

has also proven to be able to distinguish groups that differ in brain structure (Miller et al., 

2013), function (Peterson et al. 2014; Svob et al., 2016), and EEG (Tenke et al., 2013). The 

present report affirms the original EEG findings using stronger measures, and 

unambiguously characterizes posterior EEG alpha as the biomarker identified by R/S 

importance. However, all of these studies are limited by their reliance on this single item, 

which conflates religion and spirituality.

Pargament (1999) noted that while religion has traditionally provided the essential context 

for spirituality, a growing number of people identify as “spiritual, but not religious.” The 

constructs of religion and spirituality have not only been changing over time, both in the 

psychological literature and the broader culture, but they have become pitted against each 

other, as the institutional vs. the individual, or even the “bad” vs. the “good.” Of particular 

importance to investigations of the relationship between R/S and physical or mental health, 

he observed, “Many definitions of spirituality are in fact definitions of spiritual well-being.” 

Koenig (2008) pressed this concern even further, noting that some measures confound 

spirituality and mental health, leading to tautological results that are easily misunderstood by 

readers and reviewers unfamiliar with the test instruments.

We identified trait-like differences in posterior resting alpha based on the R/S importance 

measure at a critical period in the ontogenesis of R/S. These differences parallel those 

anticipated from the presumed protective role of R/S against MDD, raising the possibility 

that it may in some way be a proxy for mental health. Although our R/S importance measure 

does not explicitly confound spirituality and mental health, the way the question is 

interpreted by study participants will nevertheless be influenced by the ongoing drift in the 

meaning of these terms. It is hoped that a better understanding of the religious and spiritual 

characteristics of these participants, such as those provided by a new battery of more refined 

measures2 in our ongoing work, will provide a clearer characterization of the R/S 

importance groupings and the assortment of these groupings by EEG alpha.

2Our ongoing follow-up study employs a multifaceted survey covering various religiosity (i.e., religious identity, religious 
commitment, religious engagement, personal relationship with God, intrinsic religiosity, religious coping, support derived from a 
religious community) and spiritual measures (i.e., gratitude, compassion, forgiveness, self-transcendence, ecological awareness, mind-
body practices, altruism, love).
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Early ratings of religion/spirituality as highly important identified individuals 

with greater EEG alpha

• EEG alpha was not related to later ratings or changes in religion/spirituality 

importance

• Religious denomination change was associated with decreased EEG alpha.

• Current generator patterns of posterior resting EEG alpha were concisely 

quantified by frequency PCA of current source density spectra.
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Fig. 1. 
Top. The first four factors extracted by unrestricted CSD-fPCA (85% total variance), 

including factors with low-(blue) and high-frequency (red) alpha loadings peaks (top), each 

identified by its peak frequency. Factor labels indicate peak frequency and percent variance 

accounted for by each factor. Bottom. Corresponding factor score topographies and 

condition dependency for each factor (anterior up; 72 electrode locations identified by 

circles). Mean amplitudes for both alpha factors were greater for eyes-closed than eyes-

open, with distinctive topographies expected for posterior alpha (Tenke and Kayser, 2005; 

Tenke et al., 2011, 2013). The lowest (1.25 Hz) and highest (24.0 Hz) frequency factors are 

characteristic of residual eye activity and facial muscle activity (see Tenke and Kayser, 

2005).
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Fig. 2. 
Overall mean alpha topographies (mean of low- and high-frequency factor scores across 

conditions). Participants who rated R/S Important at T10 (Always/Migrate Out) had 

markedly greater posterior alpha than those who did not. Those who only later rated R/S as 

Important (Migrate In) were not significantly different in alpha amplitude than those who 

Never reported R/S as Important.
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Fig. 3. 
Scatterplot of overall posterior CSD alpha (pooled across Alpha Factor, Condition, 

Hemisphere and Site) for individuals in each of the R/S Importance subgroups. The 

horizontal line reflects the median for those who Never reported R/S as Important. Alpha 

was greater for individuals reporting R/S as “Important at T10” than for those reporting “Not 

Important at T10.” Those who continued to report R/S as Important (Always) were 

indistinguishable from those who Migrate Out at one or more later assessments. Although 

individuals who Migrate In after T10 included participants with very low overall alpha, 

some cases spanned the alpha range of Always and Migrate Out. Neither the recency nor the 

persistence of an Importance rating were associated with prominent overall alpha for the 

Migrate In group. Individuals who Migrate Out at T20–T30 are indicated by red downward 

arrows unless they also reported R/S as Important at T30 (green upward arrows). Likewise, 

those who Migrate In at T20–T30 are indicated by blue upward arrows unless they also 

reported R/S as Not Important at T30 (green downward arrows). Open symbols: 

denomination change between T10 and T30; Black symbols: T10 denomination missing.
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Table 1

Lifetime MDD by Parental MDD

Lifetime MDD

No Yes

No MDD Parent 18 9 27

MDD Parent 13 33 46

31 42 73

Fisher’s exact test: p=.003
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Table 2

Religious Denomination

T10 T30

Catholic 47 37

Protestant 10 5

Jewish 4 4

Buddhist/Hindu/Islam -- 1

Personal Religious 2 13

Agnostic/Atheist 4 8

Other -- 5

N=67 N=73
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