@ Association of EEG alpha and religiosity revealed by frequency principal components analysis (fPCA) of current source density (CSD)
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Introduction Results

Since the time of Berger, EEG alpha has been identified as an idling rhythm characterizing

Alpha Differences by Importance Groupings

relaxed wakefulness that is blocked (desynchronized) when visual processes are engaged by 3.0
Sfelelilliie) LIS VLD (U ULS el CRlp2 i 1 LIt (B4l [ elssnad GIantls TRl The 12 participants who rated religion as Important at the initial assessment showed significantly greater medial-
EEG alpha as an index of relative cortical deactivation (i.e., greater alpha, less activation), 2.5

posterior CSD alpha across conditions when compared to 40 rated as Not Important (t = 3.9, df = 50, p < .001). In
contrast, alpha did not differ between 20 rated as important and 32 rated not important at the second assessment
(Time 20; at EEG). The relationship between the changing Importance and alpha is evident in Fig. 1B by comparing
the 12 who rated religion Important at the initial assessment and those who Migrated In later.

particularly in regional studies of depression (2, 3). However, this same inverse relationship
between EEG alpha and activation is also consistent with physical relaxation or inattention
(i.e., anxious, distressed participants produce less alpha than are relaxed ones). Conversely,
the greater EEG alpha seen in experienced meditators compared to controls has been
attributed both to state-related changes and trait (i.e., persistent) differences (4).
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EEG alpha has been associated with risk for depression and response to treatment with
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antidepressants. EEG alpha power was elevated in euthymic adults who have recovered from 0.5 Closed-minus-Open Closed-plus-Open
depression (5), prompting the suggestion that alpha power might be able to identify a N - A N — Low High Low High
subgroup of depressed individuals at risk for a depression due to family history of affective ' e - - -~ —
disorders (6). We observed that offspring of two parents with MDD showed greater posterior, 0 5 1 15 20 o5 30 Important Important
condition-dependent alpha (eyes-closed minus eyes-open) compared to those with neither or Freduency (hz) (n = 12) (n = 12)
only one depressed parent (7), thereby supporting the transmission of a trait across Theta Low High
generations. Prominent posterior alpha is also predictive of a good response to treatment with o ) —
serotonergic antidepressants (8), but may not change following treatment (9). However, it is //:“\w\ S | | ) /’\ Migrator | . s Migrator
not yet known whether individuals who have positive outcomes following other treatments, or / 3\ é Q\'c. > (/\\AJ/ (w . /’\) = 12 S — 78N = 19
who have spontaneous remissions, might also show differences in posterior alpha. wosed T ) \\{DL/O} A \hu) (n=12) o : | 1. (n=12)
An independent line of evidence links depression risk with personal spirituality and religion o o o o | o
(10, 11). Self-reports of the importance of religion or spirituality are also consistent with a A AN f:,,:_:\ : Not Not
protective effect against recurrence of depression, particularly in adults with a history of [@ pr— ®| @, '/3' > (- 7 c\ (\ - O) Important Important
parental depression (12). Religious beliefs and practices also tend to be transgenerational, Open Gt o [\ R\ . \Dmn o N e J (n = 28) (n = 28)
and concordance of maternal and offspring religiosity is itself associated with risk for, and \\-__f"‘ s C—
recovery from, depression (13). This protective role undoubtedly acts through neurobiological 78(6.16%) 036([1530%) 10.14(12.62%) 11.7(9.81%)  195([4.90%)  22.6 [41.94%) 9.36 (15.30%) 10.14(12.62%) 11.7{9.81%) 936 (15.30%) 10.14(12.62%) 11.7 (9.81%)

processes shared with other, better studied indices of depression risk and outcome. For | | o _ | | 3
example, religious affiliations and practices provide access to multiple mechanisms known to| [F19- 1A. CSD-fPCA solution distinguished Low and High alpha factors with topographies and condition  Fig. 1B. Factor score topographies by group (cf. Table 1). Participants who reported religion to be Important at Time 10 showed greater posterior alpha than
be protective against anxiety and depression, including social support networks, informal dependencies expected for pc?st.erlor alpha (8). However, in gontr_ast {o previous stud|e§, midline fr_o.ntal those who Migrated In at Time 20, both for condition-dependent alpha (left) and overall alpha (right).

group and individual counseling, an environment intended to foster purposiveness and hope, Theta was represented as a distinct factor. Although of theoretical importance, topographic and condition-

. . . related characteristics allow it to be discounted as a measure of posterior alpha. Exploratory analyses of
and the personal practlce. of me_d|tat|on and/or prayer. We th_erefc_)re hypothesized _that theta, ocular, and muscle artifact suggested no effects of interest.
posterior EEG alpha (associated with treatment response) would differ in subgroups classified

according to self-reports of attitudes about personal spirituality and religion.
_ - Eyes Closed gm Eyes Closed e
 mwees TABLE 1 “How important s religion to you?” S g | oD Ony J s
Time 10 Time 20 (at EEG) < - I : A
EEG methods Q£ o 3 ¥ Mig Out | & * e} ' A :
Resting EEG was measured while subjects sat quietly during four 2-min Linked-Ears Not Important 40 32 O = v ! v a . : .
periods (eyes open or closed, counterbalanced) and avoided blinking and Reference Important (IMP) 12 20 = C o N . .
eye and body movements (fixation for eyes open). Scalp EEG (13 sites, ® (r) Totals 52 52 S 9 1o 1 IMP vs MIG: ' IMP vs MIG:
plus right ear, left ear reference, digitally re-referenced to linked-ears; € - ; Fisher Exact p=.001 Fisher Exact p=.002
bipolar blinks and horizontal eye movements) was measured using an @ (& (= Subgroups xS % . Q 3-group Chisq(2)=13.61 p=.001 3- group Chisq(2)=10.977 p=.004
electrode cap (Electro Cap International). The EEG was recorded using Not Important B ! 05 E : | . -
a Bioamplifier system (James Long Company) at a gain of 10 K and a Stable (NOT) 28 ) A . - | Eyes Open # | Eyes Open i
band pass of .01-30 Hz. EEG data were continuously acquired at 200 Migrate In (MIG) 12 o & - ﬁ z \ 0 1. ] MDD only
samples/sec and segmented off-line into consecutive1.28-sec epochs =R A . o o o
o . . Important (IMP) L 8 A A : :
every .64 sec (50% overlap). Epochs contaminated by blinks, eye Stabl 3 o 3 A g - o o
movements, or movement-related artifacts were excluded using a rejection criterion of + 100uV on avbie g5 & g - . . J
any channel, followed by interactive rejection of remaining artifacts (7). S Migrate Out 4 = & o ! .
articipants = o ]
CSD-fPCA | | | | s, Fifty two participants were part of a longitudinal high-risk study in offspring of ks oh ’MZP ‘_’:o"’gf_’ p—=.000045 . h”_"’P ‘2’5_'3’560’4’_’;_0%23
Artlfa_ct-fr.ee E_EG epochs were transformed to CSD using a spherical spline Laplacian (A = 10~; 50 depressed or nondepressed probands (19). Included in the information collected = o isq(2)=10.81; p=. isq(2)=7.504; p=.
|teratlcr>]ns, n,: -~ 411)2%14’ 19). The IID_IC offset of edach e1p6ocrc1;évgs removed, ?nd the EEG Wats (’;apered o were participant responses on the personal importance of religion at the time of ~ClosedminusOpen |z [ Closed-minus-Open
;)ver le.teg e 1. t se107usm%a bgnn;ndg ,:Nm owt(_ t).d power spt))ec rz \]:vere Comp;gA’ flggx\e © the EEG recording, as well as their initial responses ten years earlier. The IMP (12) MIG (12) NOT(28) IMP (12) MIG (12) NOT(28) i MDD only
\;’ ampilitu te tgpec 238( AI), sn Su _JdeC T’f' 3 un;es ric ?_f_’ gcicvarlanCﬁ-da?e drequetnclyt ( o classifier questions was “How important is religion to you?” ("Highly Important" e |
e dﬁ‘;jﬂ"(’gze(s ). Alpha was ) rtoria (@) e SR, TOROIERTE vs. all other responses on 4-point scale). At the initial session (Time 10), 40 were | |Fig. 2. When classified by median posterior alpha for Not Important, those g |
i ' classified as “Not Important,” while only 12 were classified as “Important” - T . o -
CSD-fPCA feasibility with 13-channel montage: However, by the followup (Time 20), who Migrated In showed significantly less alpha than those classified as
Using data from 67-channel and 31-channel montages (17, 8), current generator patterns underlying the number of participants classified as “Important” increased to 20, owing to 12 Impartant at the initial assessment. | e
EEG alpha were likewise identified and quantified using reference-independent CSD-fPCA for the who increased their ratings at Time 20 (Migrate In). The remaining 28 were IMP vs MIG: p=.22 IMFP vs MIG: p=.015
present, substantially lower density montages (see inset below). It was concluded that the medial Stable in their report of “Not Important.” Chisq ns Chisq(2)=7.638 p=.022
posterior sites provided a conservative characterization of posterior alpha as a classifier for prediction N = 52 (33 female); Age 36 yrs +6.9 (SD) : : : : : .. :
of treatment response to Serotonergic antidepressants_ No MDD (n = 29) MDD (n = 23) Flg 3 ThlS dlﬁerenCe Was eV|dent fOr analySGS reStnCted tO part|C|pantS Wlth d
ow Risk: 17 A ' Low Risk_Hiah Risk lifetime history of depression, but not those with no depression history. Similar
Feasibility for 13-Channel Montage High Risk: 12 19 Important 6 6 findings were obtained for both conditions, yielding a diminished open-minus-
Migrator 2 10 : : PRY -
A 5 cC . " D . s L), [ Rssgelidag M. Wenrespo ey KES&T@? | (73 2 Not Import. 13 15 closed difference that attained significance only for MDD.
. _ ° edians .
S : e Contrals = Closed-Open Not Import. 16 12
=3
@ 3 40 Y |~—= Nonresponders C R NR -
N E Female Male Conclusions
3 2] : 1 21 8 9 IR
5 ] . Important 10 2
E = g 2 20 20 4 - - : : - - -
o z : i s 13 'Iil/hsirlator ) 12 12 * Individuals who differ in personal Importance of religion do not systematically
’ i | ° . ot Import. . . . . - .
; P 2R e e Sy differ in posterior alpha. However, those who considered religion Important
Low Alpha/Theta  High Alpha  Residual Alpha § Vgg v - - - - - - n
Il R T S S Closed differed depending on the timing of their assertion: Early reports (/Important)
| | A :
u Y w c R NR 1 Gloor P. (1969) Electroencephalogr Ciin Neurophysiol Suppl 28:1-36. were associated with prominent alpha, and later reports (Migrators Into religion)
| 00 & ;% i 2 1 21 13 10 2 Henriques JB Davidson RJ. (1990) J Abnorm Psychol 99:22-31. o
">y ol : g wy 5 20 15 3 3 Bruder GE Fong R Tenke CE Leite P et al. (1997) Biol Psychiatry 41: 939-48. Wlth IOW al pha
g 0 4 Cahn BR Polich J (2006) Psychol Bull, 132:180-211.
_ M 41 28 13 5 Pollock VE Schneider LS (1989) J Abnorm Psychol 98:268-73. n n = = - n n
Controls Responders Nonresponders | = | 6 Pollock VE Schneider LS (1990) Psychophysiol 27: 438-44. * These differences were clearest for individuals with a history of depression.
30 (n=41) (n=28) (n=13) o t0.0% 0 0975 1 (18.6%) p=_1 [; patients only: exact test p=_095 7 Bruder GE Tenke CE Warner V Nomura Y et al. (2005) Biol Psychiatry 57:328-35.
8 Tenke CE Kayser J Manna CBG Fekri S et al. (2011) Biol Psychiatry 70:388-94. - - agm - -
Using 67-channel EEG, CSD-fPCA factors (A) characterized posterior ~All CSD-fPCA analyses reported in (8) were repeated using only the present |9 Bruder GE SMe;’g{,ﬁ‘.EnghsﬁfEWiiﬁVf ('\gggg‘;tgs'}’/ifglaé-uﬁﬁ%%%‘éﬂ'ﬁ%‘?hiaw 63:1171-77.  The differences are not ||ke|y to be due to VOlatlllty related to this queSthn,
alpha (B) by low alpha/theta, high alpha, and residual alpha (8, 17). 13 sites (D). Despite spatial undersampling, factor loading peaks were || 11 Kendier KS, Gardner CO, Prescott CA. (1997) Am J Psychiatry 154(3):322-9. S -
The median condition-dependent posterior alpha power for healthy comparable for the two main alpha factors, also yielding posterolateral and 13m:::g;tw:r‘;frm\j@fg;:mij;“tﬁgog\'\/"Vigsrg;m(fgg(';; 5r,2rSnS?AﬁadeCiislﬁcgiia;msychiatry 6141605 because the feW initial Important responders who Changed their repOrtS
controls (C) provided an effective criterion for predicting serotonergic ~ posteromedial factor score topographies. 14 Perrin F Perier J Bertrand O Echallier JF (1989) Electroencephalogr Clin Neurophysiol 721847, (Migrated Out) did not differ in alpha from others in this group.
antidepressant response (positive predictive value: 93.3; specificity: 1ggay39r’J"T?”"e’ C.E. (2006) Clin Neurophysiol 117:369-380. |
, , i o , , , , endat JS Piersol AG (1971) Random data. New York, NY: Wiley-Interscience. . . . . . . .
92.3). Furthermore, supplementary analyses indicated that a 16- The resulting classifications were best for the medial pair of posterior ||17 Tenke CE Kayser J (2005) Clin Neurophysiol 116:2826-46 e More data are needed to d|st|ngu|sh the contributions of trait and adjustment
channel montage provided a comparable classification. electrodes, although weaker than for the full 67-channel montage. Jovayser ) Tenke L= (2009) LI Neurophysial 114:2397°25 | | |
. . . . . . . . . . eissman MM Warner V Wickramaratne P Moreau D et al. (1997): Arch Gen Psychiatry 54:932—-40. trate to these d iffe rences
Conclusion: CSD-fPCA from this low-density montage provides a conservative, if suboptimal, characterization of posterior alpha Supported by MH36197, MH36295 and the John Templeton Foundation S gy -
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