Resting brain activity varies with dream recall frequency between subjects
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Cerebral correlates of dream recall frequency
Supplementary Data

Behavioral tests. 
Test of implicit visual memory. This test is inspired from Cory and Ormiston (1975) Cory et al, 1975()
. It was presented to the subjects as an imagination test. The subjects were presented with 50 images (25 images of objects and 25 images of abstract forms were selected from the DMS 48, Barbeau et al, 2004 ADDIN EN.CITE )
 at the rate of 1 each 13 seconds. The subjects were required to imagine a story that included the image presented during the total duration of the display (10 sec). A screen with emoticons (one happy, one neutral, one sad) was subsequently displayed for 3 sec, allowing the subject to indicate how well he liked the story he had just imagined. A fluency test followed immediately at the end of the test (instruction: “say as many words starting with a ‘p’ as possible during 2 minutes”). The subjects were then asked to remember as many of the images as possible (in a maximum of 10 minutes) by either writing the names of the objects represented in the images or by drawing the images. Thirty minutes and 7 days later, the subjects were asked again to recall the images. Importantly, the subjects were not aware that they would have to recall any of the images at any point after the test. 
Embedded figures test Witkin, 1950()
. The subjects were presented with complex geometric figures. Their task was to identify a simple figure (previously presented) embedded within the complex figure. The score was calculated as the total time (in minutes) required to identify the embedded figures (N=24). Depression scale Pichot et al, 1984a(, b)
. This scale was designed to facilitate the self-evaluation of depressive states. It comprises 13 questions, which have to be answered by a yes or a no. The score is the number of yes responses. It has been shown that a score superior to 6 was strongly correlated with a medical diagnostic of a depressive state. 
Mindful Attention Awareness Scale (MAAS, Brown and Ryan, 2003)
. This is a 15-item self-report scale, presenting a collection of statements concerning everyday experiences. Using a 1 to 6 scale, each subject indicates how frequently or infrequently he/she experiences each situation. The participants were asked to answer according to what really reflects their experience rather than what they think their experience should be. The scale score is calculated as the mean of the 15 items. Higher scores reflect higher levels of dispositional mindfulness. 
Attachment styles scale Bouthillier et al, 1996(; Simpson, 1990)
. This scale is a 13-item self-report scale, presenting a collection of statements concerning interpersonal relationships. Each item is scored using a 1-7 scale ranging from 'strongly disagree' (1) to 'strongly agree' (7). The scale score is computed by averaging the item scores, and higher scores indicate higher attachment anxiety or avoidance. 
Social curiosity scale Renner, 2006


( ADDIN EN.CITE )
. Social curiosity is defined as the interest in how other people think, feel, and behave. This scale consists of 10 statements concerning the subject’s interest in other people. Each item is scored using a 1-4 scale that ranges from 'strongly disagree' (1) to 'strongly agree' (4), with higher scores indicating higher social curiosity. 
Bortner Questionnaire Bortner, 1969


( ADDIN EN.CITE ; Johnston and Shaper, 1983)
. The self-administered, 14-item Bortner questionnaire is used to characterize a high-strung (type A) versus easy-going (type B) personality. Each item consists of two phrases placed at opposites ends of a continuum, ranging from extreme type A behavior pattern (TABP) to the absence of TABP (i.e., extreme type B behavior pattern). The subjects are asked to place a mark through a graduated line (24 graduations) separating the two phrases to indicate their position between the two extremes. The scale score is computed by averaging the item scores (range: 1-24). The higher the score is the more type A the subject’s personality is considered to be. 

Behavioral results. 
Test of implicit visual memory. An ANOVA with two within factors (figure type: figurative versus abstract; delay: immediate, 30 minutes, 7 days) and one between factor (group: HR vs. LR) revealed a significant delay effect (F= 83, p = 0.000) but no figure type (F = 3.53, p = 0.069), no group (F = 2.42, p = 0.129) and no interaction effect. The subjects reported 20.1 ± 4.26 items immediately (HR: 20.8 ± 4.28, LR: 19.5 ± 4.22), 22.3 ± 4.43 thirty minutes later (HR: 22.2 ± 4.75, LR: 22.5 ± 4.19) and 14.4 ± 4.73 seven days later (HR: 15.9 ± 5.20, LR: 13.2 ± 4.05).
Verbal fluency test. A one-way ANOVA revealed no group effect on the score at the fluency test (F = 0.006, p = 0.935). High-recallers produced 27.2 ± 6.8 words starting with “p” and Low-recallers produced 27.4 ± 9.6 words.
Embedded figures test. A one-way ANOVA revealed no group effect on the total time required to identify embedded figures (F = 3.05, p = 0.088). Mean time was 12.53 ± 4.96 sec for High-recallers and 15.67 ± 6.50 sec for Low-recallers.

Depression scale. A one-way ANOVA revealed no group effect on the score of the depression scale (F = 0.001, p = 0.966). High-recallers scored 2.05 ± 2.48 and Low-recallers scored 2.08 ± 2.82.
Mindful Attention Awareness scale. A one-way ANOVA revealed no group effect on the score of the MAA scale (F = 2.46, p = 0.124). High-recallers scored 2.7 ± 0.7 and Low-recallers scored 3.00 ± 0.5. 
Attachment styles scale. A one-way ANOVA revealed no group effect on mean scores (HR: 3.71 ± 0.68, LR: 3.79 ± 0.45, F = 0.2, p = 0.65). 
Social curiosity scale. A one-way ANOVA revealed no group effect on mean scores (HR: 2.82 ± 0.46, LR: 2.66 ± 0.33, F = 1.6, p = 0.21).
Bortner Questionnaire. A one-way ANOVA revealed no group effect on mean scores (HR: 12.2 ± 2.6, LR: 12.5 ± 2.2, F = 0.16, p = 0.68).

PET results. 
In this study, using the general linear model (Friston et al, 1995), for the random effect analyses, we modelled the activity at a voxel k, in a scan j, as follows, 
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The SPM8 analysis resulted in the following values for the β parameters, 
in the TPJ,
Wakefulness (coordinates, x = -48, y = -54, z = 28): β1 = 9452, β2 = 8668, β3 = 2.100
REM sleep (coordinates, x = -45, y = -54, z = 28): β1 = 9660, β2 = 8478, β3 = 2.100
N3 (coordinates, x = 63, y = -43, z = 34): β1 = 8129, β2 = 7534, β3 = 1.700
and in the MPFC,
Wakefulness (coordinates, x = 20, y = 33, z = 36): β1 = 7848, β2 = 7148, β3 = 1.800
REM sleep (coordinates, x = 20, y = 42, z = 4): β1 = 5198, β2 = 4532, β3 = 1.000
In all vigilance states the β parameters were positive in both groups in the regions of interest (TPJ and MPFC) which shows that the observed group differences in the DMN regions result from greater increases relative to global rCBF in HR than in LR subjects.
Fig. S1. Condition effect (fixed effect analysis; height threshold, t = 4.82). Upper panel. The statistical parametric maps of the contrast REM sleep vs. Wakefulness in our study and in the study of Braun et al. 1998


( ADDIN EN.CITE )
. Middle panel. The statistical parametric maps of the contrast Wakefulness vs. REM sleep in our study and in the study of Maquet et al. 2005()
. Lower panel. The statistical parametric maps of the contrast REM sleep vs. N3 in our study and in the study of Braun et al. 1997


( ADDIN EN.CITE )
. As this figure illustrates, the results of the condition effects in our study are consistent with previous results (Braun et al, 1997, 1998; Maquet et al, 2005), suggesting that rCBF during sleep is not different whether sleep occurs at night without previous sleep deprivation (Maquet et al, 2005) or during the afternoon after sleep deprivation.   

[image: image9.emf]Group n° DRF Phone BMI Age

s1 7 5 8.25 20.66 22

s2 5.5 3.5 6.5 24.77 20

s3 7 4 10 23.14 21

s4 5.5 3.5 8.5 25.38 20

s5 7 7 9.5 23.04 39

s6 6.5 6 7 28.07 35

s7 5.5 6.5 8 27.66 21

s8 7 4.5 7 23.24 22

s9 4 3.5 8 24.61 20

s10 5 5 6 21.79 22

s11 5.5 4 8 21.60 25

s12 5 3 8 20.51 19

s13 6.5 6.5 7 24.04 26

s14 3.5 4 7 25.77 22

s15 5 5 7 21.96 23

s16 7 7 7 23.04 23

s17 6 7 7 20.06 25

s18 5 6.5 7 23.45 24

s19 6 6 7.5 22.15 23

s20 5 4.5 6.5 22.53 25

s21 5 7 6 21.97 21

s22 0.125 0.875 7 23.19 20

s23 0.05 0.5 6.4 36.13 25

s24 0.125 0.1875 7 22.40 20

s25 0.25 0.5 5 25.72 25

s26 0.25 1.25 8.5 20.57 22

s27 0.25 0.3125 6 20.76 23

s28 0.25 1.25 8.5 29.02 22

s29 0.25 0.5 7.5 25.53 25

s30 0.375 1 8 22.59 22

s31 0.5 0.5 9 24.07 22

s32 0.25 0.375 7.75 19.75 19

s33 0 0.001 8 21.79 19

s34 0 0.125 8 24.56 23

s35 0.5 0.625 7.75 22.53 21

s36 0 0.25 7 25.77 22

s37 0.25 0.625 7 20.37 25

s38 0.25 0.1875 6.5 24.69 20

s39 0.25 0.25 7.5 20.74 22

s40 0.4 0.625 7 20.76 21

s41 0.25 0.25 8.5 20.28 24

5.69 5.19 7.46 23.31 23.71

STD HR

1.01 1.38 1.03 2.15 4.84

*** ***

ns ns ns

0.22 0.50 7.39 23.56 22.1

STD LR

0.14 0.35 0.96 3.82 1.97

DRF 

Questionnaire

Usual sleep 

duration

High-recallers

Low-recallers

Mean HR

t-test

Mean LR


Table S1.  Parameters considered for subject selection. DRF questionnaire, DRF phone: self-evaluation of dream recall frequency in the questionnaire and on the phone (number of dreams per week). Usual sleep duration: self-evaluation of usual sleep duration (hours). BMI: body mass index (kg/m2). Age (years). HR, High-recallers. LR, Low-recallers. The DRFs were significantly different in HR and LR, (t-test, p < 0.001***). Usual sleep duration, BMI and Age were not significantly different between the two groups, ns: non-significant.
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Table S2.  Sleep and dream characteristics in the scanner. Subject’s number (n°). Sleep duration in the scanner (min). Dream in the scanner (0, the subject cannot remember any dream, 0.5, the subject had a white dream, 1, the subject had a dream and remembered the content). Scan in REM sleep (yes, scans were acquired in REM sleep). Clarity, clarity of the oneiric representations (1, very blurred, to 10, very clear). Column 7 to 17: amount of each parameter in the dream content (1, very few to 10, a lot). Actor, Spectator (1, I was not to 10, I was totally). After awakening in the scanner, fewer Low-recallers reported dreams (8/20) than did High-recallers (19/21). HR, High-recallers. LR, Low-recallers. t-test, ***: p < 0.001, ns: non-significant.
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HR

Mean injected dose

Mean body mass index

Mean global mean

272 ± 80

23.3 ± 2.2

4094 ± 929

307 ± 91

23.8 ± 2.5

4401 ± 1026

304 ± 78

23.0 ± 2.1

4898 ± 1074

262 ± 51

22.0 ± 1.4

4261 ± 801

LR

Mean injected dose

Mean body mass index

Mean global mean

283 ± 89

23.5 ± 4.10

4233 ± 1239

313 ± 69

23.5 ± 4,0

4583 ± 1112

315 ± 74

23.6 ± 3.8

5267 ± 1303

299 ± 77

22.8 ± 1.9

4611 ± 1208


Table S3. For the contrasts HR vs LR in each vigilance state, mean injected dose of [15O]H2O per scan (MBq, first line), mean body mass index of the subjects whose scans were used (kg/m2, second line) and mean global mean of the scans (arbitrary unit, third line) in HR and LR. None of these parameters differed between the two groups (t-test, p > 0.05).
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x y z

Frontal cortex

L -2 -22 63 6.53 0.000

L -28 -25 66 5.35 0.005

L -40 -13 15 5.25 0.008

Occipital cortex

R 30 -84 19 8.03 0.000

L -38 -81 3 6.96 0.000

L -33 -79 21 5.25 0.008

L -16 -52 -5 7.53 0.000

R 32 -28 -23 5.15 0.013

L -24 -70 -11 5.78 0.001

R 6 -84 25 5.40 0.004

R 16 -88 24 5.26 0.008

Temporal cortex

R 54 -15 3 7.51 0.000

L -62 -15 3 7.18 0.000

R 44 -49 -15 5.93 0.000

R 2 6 33 5.47 0.003

R 36 -15 -30 5.43 0.004

R 21 -4 -18 5.66 0.001

L -20 -7 -15 5.63 0.001

Table S4. Brain areas more activated in REM sleep versus Wakefulness

Brain region

Coordinates

t-value p corrected

        Paracentral lobule

        Precentral gyrus

Parietal cortex

        Rolandic operculum

        Middle occipital gyrus

        Lingual gyrus

        Fusiform gyrus

        Cuneus

        Superior temporal gyrus

        Inferior temporal gyrus

Limbic and paralimbic cortex

        Median cingulate and paracingulate gyri

        Parahippocampal gyrus

        Amygdala 

p < 0.05 corrected using Family-Wise Error rate (FWE), t > 4,82. Extent threshold, k > 20 voxels. x, y, z refer to MNI 

coordinates. H, hemisphere; L, left; R, right. 


[image: image13.emf]H

x y z

Frontal cortex

R 12 44 -27 6.60 0.000

         L -6 27 43 5.37 0.005

R 27 30 -23 10.21 0.000

L -30 44 -18 9.48 0.000

R 48 14 9 5.69 0.001

L -42 -66 46 6.27 0.000

R 57 -46 40 6.25 0.000

L -54 -51 42 5.80 0.001

L -4 -61 34 5.19 0.011

R 0 -24 30 6.24 0.000

R 34 21 1 5.54 0.002

Table S5. Brain areas more activated in Wakefulness versus REM sleep

Brain region

Coordinates

t-value p corrected

        Superior frontal gyrus

        Inferior frontal gyrus

                  Operculum

Parietal cortex

        Angular gyrus

        Inferior parietal gyrus

        Precuneus

Limbic and paralimbic cortex

        Median cingulate and paracingulate gyri

        Insula

p < 0.05 corrected using Family-Wise Error rate (FWE), t > 4,82. Extent threshold, k > 20 voxels. x, y, z refer to MNI 

coordinates. H, hemisphere; L, left; R, right. 


[image: image14.emf]H

x y z

L 0 32 15 8.82 0.000

R 20 2 -29 5.78 0.001

L 0 11 34 5.19 0.010

Thalamus L -8 -19 4 14.86 0.000

Table S6. Brain areas more activated in REM sleep versus N3

Brain region

Coordinates

t-value p corrected

Limbic and paralimbic cortex

        Anterior cingulate and paracingulate gyri

        Parahippocampal gyrus

        Median cingulate and paracingulate gyri

p < 0.05 corrected using Family-Wise Error rate (FWE), t > 4,82. Extent threshold, k > 20 voxels. x, y, z refer to MNI 

coordinates. H, hemisphere; L, left; R, right. 
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