"% "% & (

JUSTUS-LIEBIG-
ﬁ UNIVERSITAT

GIESSEN



00



000

"H#
+

"$ %

&



) & +%

) 23 7

#6 9
@ %

%

+@
&3

@

2
&3 +,

9

0)

+9

%

93



+ 6 B3 ,
0 9
6 7
9
3 C 6
9 3 + %
&
%
?
% & 3 '
3> % " %
+ 9
: )
C 6 &
= O )
8 $
) % D2? 39 =
% )
& ? 9 %
% , 3 +
9 % %
' D27 3
% #
> &
* -E"&
% 2 ) &
&
. 3 %
? ?7*3 4
2 3 %
6  (
B 3 > 0
& 3 0
&
3 % & 63
9 % 4
0 3
$
9
6 % %

% )

%



-5 2
-E %

--D ? 3 + 6
-G + 6
G, B =

GE<
G-4 =

G/ % 6 63
?
/9 :
F 3
K# %3
H % 3
HE, B -
H-@
I,
|E E

)0

E
% F
% H
I
I
J
= %
+ s E.
0 43 6
% +-.-l E/
EH
-G
/.
/.
.
IE
IE
K.



$ %&  %H" ( % Y%r  +
, - B A { 'l 1*1
I+ oL ( [# "
0" 1T+ 2' " 3456
L@ M@2DN+ -..K+ F E
@ @2D > 4 "
4 816 ' : 9 6 &
' 9 6 ' & = + 0 % !
3 , 9 @ 43 6 '
+ 39 B " 3 3,
@ 6 % 9 @2D+-.EF 9
* 3 6 & 6 !
3 4 6 7 + o
4 +---OD % +--/I0% P 2 QR +--E
3 ) & 6 '+ % "
+ 3, ( C 4 Q4 +
-EG ) 3 6 ' & !
4% +-EO0@ +-E. 0?7 6 6 &
) * 3
) & 9 2 ? 3 %+
1, 4 " 2 + 0 $ +
& 3 % @ C 6"
& ( 7 + 3 %D + 6
, % & % cC3 3 0B 16 B%
% 6 4 + + 6"
& % 3
4 +-E- &3 % ?2 3 %
D2? ) 9 EF. *
+ EF+HS = & & +D2? %
8 + % +-. -, ? = 4
9 D27?" # % 2 +--0#
-.EIO +-EK+ % 34 ' +-EHO
? +-.F 9 $ +
3 C ? "
3 % 6 & 4 +-.EJO +-.EG ,
9 3 * 7 D 27" 3 ) &
7, 6 & 3 ,
+ : @ 3 % D 9"
2 +--0* +- .EKO +-.E+ +
39 ' 7
+ 3 6 ) 3 + &"
3 + 7 >3 3 3
7 ) 6 2 3 3 + 3 *
3 6 *% 3 B 3 ? -E !
3 % D2? %
? --
3 D27 = % ) % +
+B 3
E < 3 @B 9 9 4, -EE



& + 43
C 6 + 3&
, +-EKOB QB +--E

+--G 7
, %
+-EKOB Q* +-EEO5%
3& % $
? 7
Q4 +-HD
3 3 +
I Q4 +--G =
9 ) & 6 B
6 % 93
~JO! Q4 +--G %
63 0 7
6 7 7
7 +-EO) +-EH+
3 + % +
3
63 43 6

+-E-O0* "4

% +3 "

+---OD % +--/ 93"

&> B & "
3 3 2"
2 QR +-E @ "
7 % P2 QR
4 3 6 &
@2D

7 T Q# +--GO!

+

Q



4 +-..HO'! +-...0 +-..HO 5 +-.J "
@ "+, " % 4 3
B , E
Biologische Psychologische Soziale
Faktoren Faktoren Faktoren
| I
v v
Sensitivitat des @b sexuelle o
sexuellen Systems Hinweisreize
Motivationale
o Salienz T
Aufmerksamkeits-
allokation
Physiologische Annédherungs-
Veranderungen verhalten
\ 3 Sexuelle Exzitationsprozesse 4 /
I Sexuelle Inhibitionsprozesse I
0 3 ) 6 2 3 +
T Q# +--GO! Q4 + -.HO! +-.0 +-.HO U Q
* +- HO5 +-.J
* % + 6 6 %
% 6 3 %
% 4 +-E-O5 +- J @ B 3 + "
3 6 ) 6 37 + &
% % & 3 6 T Q# +--G %
C + -.H , 3>"
* ) 6 L
34, % % 3+
3 + % 9 ) "
) & , & "
% "% ! +-..0 +-.HO5 +-.J "
3 % & 4 & % 3
4 Q* +-.J0 +-.EKO +-EG+ , ( 3
= " % % * "
CcCo 4 D% " "2 D2 % + "
R 6 34 7 + +
' 39 + % & O %
, + 3 D% %
& , & % % + "



--GO 4 +-.HO 4 +-.E-
@ %
) & +
T Q# +--GO +-.HO U Q
6 3 3 4+
7 Uu * -.H

3 + + & 6 %
3 % +
C 4 +EJJJO 6 Q# % +-EFO)
% , & 6 7
! +---0OB

+-J0% # %
% &

% 3 D2?"

3 @&

+ -0 !



439 7 $

2 "Il
24" +
@ 3
3 6 )

D2

+-.G

%

%

% &

6

4 + -

?
B

5

D27?"

&3

+ -.-GO

% 3 %
+-.010'" Q2 "
- EGO * +-.EK
n ) 3 n
% # % Q +-.10@
: ) %
+--.0 +-EFO %

D% + 7

% 6 B
3 %@
+ 3 & %
+ & "
3+-.-/
D2?"
.EJ &3 3

+-EHO @

?3 % 5 3
% $ "
9 +

+

' +-.HO +

4 % 5 9 "

N
(o3}

6 ) 3 %
%Y +--E 9 6 &
% D2?"

+ 34 3

6 & C 7

3 %7

#

%

%



7 * f % & C

B % 2 # +'& +* % + +

? + 3" 6 % BZ +-EIOB + -.EK
D2? 2 7 v " "
3 + 39 % 9 7"

% 2 8 & 9 B3 "

* 2 +--GO * Q@ +--0 "@ Q +
-.EG 7 3 %7 8 7 6
*( 2 o] , 7 + = "
3> B3 6 + ? A 3 D27?" % "
33 Q +--02 +--G ,
co 3 D27 ) &
# +-.-.05 +--G+
9 6 B % %
R | +-EJO" +-.EJ 3 ( )&
? % &% 2 + ) % 0
4 3 4\ +- -02 +---05 +--E
,  + ) % % 9 <
4 Q? +--G+3& & 6+ 2 +2 "
' + 0 ' "
+ R 9 < 2 + -
9 8 D2?" % "
+ C 3 6 & 7
) 9 3+ 6 &
+ 4 & ? + "
3 D% RD + 6 & 3 4 7"

D2? 7 ( 3 + 3 4 )

2 3 + % ? 7 7
4 +-.EJO Q# +-.El
, % , C % D2? 6

) $ 8 = 4
4 +-.EJO +-EG , 3 A $

2 6 3 6 )

) ? 3 % 34 * + -.EKO + -.E/O
@ + -E. + $ 3 3 D2?"
) 34, +--EO* "# +-.G+

6 0 % D2? 34 R +-..FO + -.E.
3 * 3 5 3 + %
3 ? 3 6 ) 2
+ -, 3 7( BR5 + D2? "
6 + ) + ) 9+ C
7 &3 + & 9 C
6 3 # + -.EIO +-EK D 4
$ % 3 +
0B 2 --G
*( & %
% 4 C # D27
) 3 3 4 7 ) &
% ' % & % ) %
* 3939 2 9 % & % )
* 3 > *B5 " % -.EG
3 ) % D2?7") 3 3
$ 39 = % |, & B



) + 4
, 3 ( =
& 6+ ' +
) ) 3 3
( 3 :
, + B % D2
9 9
#3 P P
? 3
3 % D + 4 "@
9 @
4 9 %
& % 3
? --G ,
* 3 0 < D2
6 ) & D% @
= % $ :
$ 6 )
93+ %
4 +-.EF =
9 %
D + -.E/ , & &
( 39 6 )
+-E-+ ) &
@ %0 % &3
% + 7 &
B ?* 6 63 3
6 B W 3 6 0
B 3 + 6 3
3 43 +
39 6 1# D
3 B 6 )
% 63 "0 3
B 3 +
3939 , o+
& 3 6
$ & R
' +-El % ? 6&
5 "R
+ 3
) +-.EJ
, % < ?
& 3 63 "3 0
% 7 %
4 +-.-G 4 =
?* 3 +
B
) 63 % 0
& R
R% Q +--02 +-.EKO!
% & 3 6
3 +

) & 0
, % & % 2 0O +
6 D2?"
* -.EJ
+ #"
) 3 "
4
: % "
6 ) &"
+ -.E- "
$ + & % )"
& 2
6 ) )
3 * 3
7( 3
+ + % "
3 + "
& 6 9 !
% B "
! % 3 @ "
)
6 , & )
$
3 B3+34 %
6 + +
?*
%
>+ 0 *
3 7 + 34% "
) ] "
+-..KO'! + - ?*
6 %
$ 6"
% $ "
63 0 "
3 +
+ -.EFO! +-.-0;
6 ) 3 4 9
& $ "
& ) + -.EHO
* 3
3 + = %
3 ! Q
= % 6
+ % &
0
+ -.EFO '
+-..- ? -
63 , "
% R % -.El



* 9 ?*") +
&
% ! Q 4 + --G+
2 9 ? G/
2 %)
$ 3
63 & +
, & % 9
3 9 63
2 + %
34 % ,
-.El 6 0 %
, 3 ) ,
39 7 - 93 # 3
B 3 , 3 7 0
0 % ? 3 %
+
B 3 7
9 0 > , +
*B5" & 3 6 0
, t % ?
$ +-.El
4 % 2 % 4
4 " -.EE
+ % 6 ,
%
, & , + 7 3
+ % & R + -.EH
< 7+ %
63 " 0 B
, 37 + 7 Q4 +-..HO
63 " 0 3
6 % ) B
% & , % & 3
3 , % & % 7
+ -.El
, 4 $
% 6
4 &% % 6
9 7
34,3 6 + "6"
3 + 6
--0' +-.EHO # +-.E-O)
, 9 ) &
@2D" > & + 4
0 % 3 + @
B 9 6 9
#% & $ H
# ( !
? -- -G
6 '

4 *BS" "

63 0 9
7 "2 6 & &( %
&3 , 6 %
+ 4 + 6
3 ' +* Q o+
+ +' Q* +-EK ,
' % O



& % 4+ "
2  -E * + 8 3
4 % ) 3 9 ) & % 6
) + 6 % 6 7 T Q# +
--GO5 +-.J0@ +-.H B = 3
& + D2?" 2 .- % , & "
% 6 63 0 ?2 -G $ "
) 3 $ 7"
+0 % 3 7 @ 6 ' "
3 .- < 9 B "

Sexuelle Gesundheit

!

Erotische Stimulusverarbeitung

P1 P2

P2
B RN e
oo S €A
Biologische Soziale Psychologische J
Faktoren Faktoren Faktoren

< 9 = EI\__ EAN-

#) $

% B = 1

' , , &

* 3 % , ! # * + %

‘O# W WAA NN = N-KEAJI O]
W/-KF/JJII0' & 3 W?*$/GIFM-"EO # 3 W-EJ'--G 7 0
&3 % * "

+ % ( + 2 "
+ 5 % = 3 + &

9 = &( + 9 W-K"G.5
D27 ) 3 9 5 , 3"
EI"GF ! + ' + &+ 2 6 &+

B & + 4 "™ "0 6 4*0 'Ela-K N b+ ) 3

* " D27")

* + 3

3 % % 0B *
= $ 9 3

5 + D% + # "
4 ? ($



I + -EIO @
) +
+-.EHO
& +
D% 9 2 #2"5
3 4 6 3
&A % 3 ,
-E" &
EK
* + =
B 8 3 (+ =
C 2
5 3
3
+ % *
B +
9+ + ?
7+ )
+% %) 4
% 4 "5
, )
B *
5 33 , 15 &
% B +-EJ %
? ' + ? 6
$ ) 3
3 34 4
+--0* + Q2
+ %
% 4
3 &
4 3
9
% &
4 B %
+ % 4
' B 4 9
) 3", 3 +
4 ) 3
4 & + &
& K/'5
% 6 47
* %
##%
% n" *
7
% & ) %
&3 3
9 8

3 D2?

%

4

5 D%
3= *3
D27")

? ns



) & )
% ) e & . 8
AR %) 3 + "
R ! $em O, )
y ° ) @ > 34
+-.EH + D27 _
+ ? + . ) o
> ? + "
% ) 3 | :
' ) 3 5 3 )
# + $ 2 o o
D27 + 3 &3 A )
" o > % "
3 % EF."G.. 2 .
T . % + -.G+ -/
% 9 . -G
+--0 Q +-E J '
@ Q2= +-E x ] " .
9 # , ;
o D27 (
+ % % o "
$ L)
% & 4
1 P ? +-EO# + - EHO  +-.. 2
’ % & ?2 % &
’ i v +--0B Q +-EK
0B % ) i
¢ X D2?" & |
9 + &( ]
= 0/0 4 &
. ’ > * 7 C o0 "
% ) B 3 ( v
o4, 9 +EJ + ) 3
) & 4 , L
= 4 . o . .
° 7 + A 38
3 %
' 6 3 Vv . .
* 3
5 3 & D% 7
’ F @ D27
g + 23 w D2
% , % & B 3
+-- /0% 2 Q +EJII+ % @ o .
34 B +-.K+ D27 ’ 3 v &,
5 )3 3 043
" K > &3
% % ( "
* ) 3 .
&3 3 D27"% g
$ + %3 - 5 o
D27?" K2 . .
? . | . .

EE



D2?7"%
+ % '
$ 3
% % :
) 3 %

3 3 9
7, %
-0 D27
% * 3 W
Ef& D2?
! &

+-.EHO 2
% & 3
@ > % 8 % &
1% QD +-..HO
% 9 +
3 D2?"
7 D2?" 3 4
& 3 2

+-.EGO,

% D27? +
% BR5 3
* D2?"0 34"
+ -.EK+ -.EH +
7 9 &3 0'
D2?" [+

$ D2
* +--G ' (7

---0 +---0 3 +-.EJ
3 + 3
3 , =
G-/+7 -IG& " 49
% /' "% + D2?" 3
0 7 D2?" 3 )
% & 8 )
+-.-.0 + + -- +
9 D27 7
+ B %

33 $

P 99 "

D2?7"%

+ -.EK+ -.EH

"4

8

%

4\

+

) &

-.-G:W

%

%% "8
+--02 Q
D2?"

2
4

D2?"

3

HGS
D2?

0

%



% ) )

©O+E " )

) ' ' %
* +-EJO 3 + -.EFO
7 , 3 3
3 C % D2?
BR5 + 3 &
' + -.EGO + -.EK+ -.E
8 3 % 34 ,
+ -.EF + 9
&% 3 &
5 + + "
+ 3 !
#% + 9 B >
% QB7 +--G &
$ % %
3 % #& $
&% 3 ' Q59 +-EFO*
) %
9 + ) %
$ 3

34

%

3 %7 @
% $ 3 +
& % + 7 B
@ "R 3Q2 +--GOB7 +-.-E
4

) 3 EM& D2?"
% +

' + D2? "
3 )
>
+ -
: &
# "
' 3
' 7( -G % "
3
3" 8
' & 3
+--02 + -.-GO
3+ Q2 "# 3+--G
, & 2 & 4"
3 "
B
H+ A $ +
+ -.EGO , + -.EHO
% 2 % & )"
$ 7
. 34 "
% , .
+ 9 &>
3 3 A"
9 ,
) "
+-.EJO +-.EK
& "
& $
% :
3 n
* Q@ +--0 3+
: % "
% % %
+ 7
+--GOB Q +-EK
% & 3 2 +
& 6 +
B 3 3
0 7
+ -.E.O + -.-GO
4 3 "
$ 3
7 % ,
% 2 Q +EJ "
% &
% "
& $ "
% &

EG



D% &

N
w
~

28 >
+ -EH+ % 4
0 $
) % 3" 3
D2? ) 3
-.HO +-.El+
%  &( %
#.$ /

0 " 63 3

E/

B 3
3% & 9 R

% e +

& 7, !



6 63
6 342 6 &+ 6
7+ +7

3 >3 + 3 >3 3

# % 34 2
% + ., % 63 " 0
4 ) &
3> +3 0 %
D2?" 3 $ % 2 3
43 2% %

D27?

D2?"
* & + 7 *
* % 2 +-.El
& 3 +
% + % _FE D2?

s +

3 D2?"%

A6 0
6 63 " 0

D2?") >

* & 63 "

_GJ 9 "

0% @ o0'@ 3 4 "
3 + -.KO ) +
&3 6 !
+-./0B + -
W) + + # +

63 "

EF



&> + >
_H/
6
3 , 0
+ 4 %
' 7(3 "7(
3 7 * >
8 37
, & %
# " 3 &
< >+ 6 3 %
27 # "
% , &
+-.10" Q2 " +-EGO2=
+ 0 3 %
C 7 % U Q* +-.H
9 ) &
+ 0 +
& 63 9
) 3 7 4 Q!
. ( 0 +
4 3 0 9
% , & % 0
2 3 + 6
I
0 8
% % 63
-G, 3% 4 ? 6
0 % 4
+-.1 439 7 *
, 3 7 0 3
, % ,
# " B B 3
'Am 53+ $
& 3 3 % +
3 , & % 9
% & O 3
7 # ",
7 & @ 3 +
63 ?*3 & 5 3
% 3 + %
0 &3 3 0
) , & %
+-HO U Q* + -.H
9 + ?*
5 " , &
" C |
3 3 "5
& $ + 0 63
0 % $ 7
6 7 0 %
3 0 3

5 3 9 6 0
% D2? =
8 D2?"
2
9 7 + 8 3 ,
% 63 0 D2?
3 6 0
63 93
% "
0 9 % 3
%
+-.E- 3 "
2 3
0 8
0 "
6 B % + 3
+ 6 ,
+-.. 0 %
@ % "
& % & !
" 63 "
B 37 4 Q
% + 3
3 ! Q4 +
6 3 +
% * + -.-.0
3 ' "
> -EI 3 +
27
3 -.E-
9 % %
9 3 "
9 7
; 6 !
5 " 0
4 Q! +-
& 6
3 7
9 C
= 3
"5 @&
& % + 7
Q4 + -H 8
"? 3 % +
% + &

% 9 4 %



--G 07 % + 6"

0 7 % 2 % 3 "x
% 3 + 34 |, 7
47 Q* +-./0? +-.--0) +-.F % & 9 0"
> % 6 B3+ 3 &3 + 7 "
$ 9 , & 3 4 7 "
0 & + 0
% " 3 2 39 6 0
3 3 7 + 34 % + 5
* 39 8 $ , 9 6 B3
B % & & 3 3 + 7
" % 3 9 +-.EGO *
+--EO % +-EEO) +-E H O 3
& 63 5 3 : & % +
, 3 6 6 : % & 7
& 9 * Q! +EJH.+? " +
% ,& " ) 3 %" %
0 % # Q@ + -.-0* +-EHO) +-EH
@ & 63 3 4 3
: 3 6 % %
3 6 63 6 ) +
% $ + --EO% 5 = + -
' 6 6 0 3 +
% 3 + & 63 5 3 3
6 , 37 % ? %
0 % = % +
% 63 0
, 7 0 % * >
63 4 % B =
-EG 6 , 37 + & O 3
+ ) 6 ?
5 +3 6 * % + F25 e"B3 ",
4 +3 B 0 +
, 9 9 0 % "
4 & @& , "
3 > %) 3
* w _ EEK+ % 0 0 &
* 0 % 6 O 63
: 3 , & ") 3
) % 4, ) 40 3
6 % 3 3  4Y %Y +--EOB +-.EKO)
+' Q* +-EK , $ +
&3 )& 3 @ % & 3
' 9 6 % 4 7 % +-.EG
: % 0 % + 6 7
+
o * $°" % "
$ 37 C
% 6 2 "
C % D2? 4 @ ,
= % 4 % 6
3 + D2 ?% 9

EH



6 63 = + D27?"

% = % % & 9 3 "
4 9 3
B % $ ) &
6 B % & 6 ) D2?"
34 2 +--GO2 + -, -O# +-.EIO +-.EK
, 8 & + "
4 , +-EGO, + -.-EO +-EG ) %
= 3 "
3 + % 0
" 3 & C9 D2? 6"
) N % , 6 2 +
--O# + -.EIO + -.EK , 3 > 4 !
6 63 . ( % & 9 B3+ 6 )
, 7 7 4 Q! +-.. 9 O % "
= 9 + 8
B 7 0B 3 4 "
? 3 % % 7 # % % "
& ' +-EHO? + -.. F ,
? 3 % ) & # + , 6 "
+ 7 9 % 4 3
&> % & + ' 2+ -El
, 7 D27?"% "
c + ) & # (
D2?"
) 2 37 9 "
8 D2?" ) + 5
D27 % 8 9
, ) % % 8 D2?"
6 ) +-EG O A $
) & D2?" C 0o > % ' +
4 " % 0B ) 9 =
39 + 3 >3 + % "
% % D2?" 3 8 » 7 2 Q* + -.-GO
# +-.-E 3 4 + % "
% 8 & 5 & +
+D2?" 3 ) &+
" % &+3 "' 7 # +-.-GO +-.EHO
3" + -~ %
* 7 7 ) & % 3" +
34 "% + 4
9 6 0
6 4 +-..JO +-.HO 2 + -.EJ
rR "™ R,)"B , 3 & c
3 ? 6% 6 D2? " L 2 Q
* + -.-G + $ +
) 7 % & 9 D2?" 3 5 "
7 + -.E-O ' + -.E/O @d "
! +-El & $ 5 6 7 3
% & D +-.J 7 % & 9 )"
& 6 3 "
2 QF +--G 2 3 3 +
C % D2? 6 ) % +

El



2% + -.El
3 & +7 9
9 7
) D27?",
% /KS ! --GO4 3 9
% 3 + + D2?7%
) 34
4 + +
0 % 3
0 ' D27
3 & + + &
? A3 6 , % & 34

8 4 3

3 D27 3
63 3 0 %
6 7 7 +
)& % 63 0 9 +
@ 7 7 &
4 3> 3 % D + 34

D2? ,

% & 4 !

% + "3
B # + -.-EO
% 7 "
+-.EIO# +--E 4 "
3 D27?"
+-EJO 3 +---+= 3
9 + %
43 43 "
+ @ ) 9 "
6 &
) 9 *
H-S EI'-J=& I -EE
, & M4 N+--G+ (
3 % +3

QO* 3 +--0OB
+--EO!  +-El 7 BR5

7 3

+ 3>
, 3 % D

EJ



-~-OR +-EIO + +--0
& $ 6

% +
, % & 3 + 2 Q* +
% 3 +
8 3 7
2 Q* +--G
; 9
% D2?7"8 % 3 3
4 5 " 9
% 93
* 9 6 )

@ "D +-.E/

> A

+6 9
4

4 + + 6 & > +

0% * % 6 %3 7

4 +-H $ 3

+ + -.- 9
+ 39 "
, 33 & "
4 D2?"
& , 2
I, 3
+ 7 B9 8
N ' +
3 6
-G 9 % BR5 "
$ +
8 3
7 * *
6 "
+ + % +
B + 7 "
+-E-O? +--GO
& % 6
0 % 3
-0O! +-.J0) +--E 9
%
3 >3 &
% % &"
7 % "
--E 0O % $ 7
% P2 QR +--E+ =
9 ?
3 0 63
+ , & %
B 3 + 6"
-.. 0 + & "
+
B
% & 0 3 "
% +
8
* . %
7 n
+
%+ % & 4 %
% 6 7
% & 7
+ 3 1) 9
? 6 4 +0 &+
9 6 * % +-.EF
, & %

+-EGO'\ %  +-EHO* Q
+7 % 4 &



% 0 3%

+
|
‘Y
m
+
1
*

? +oe

, "% "5 + 6 "0 %" "5
+ -0+ 7 3 6
3>

' +-.KO! +

* Q@ +--0 +-.KO

& & 3
&3 3 % "
5 y

9 % ) &
9 7 3% "
3
6 7

+-EEOB Q@ +-.HO)

% 7 + "
3> ,
+ ( ' "
%7 @ % D2?
+-.EJ "
34 49 + -.-EO
3 C
3 >3 @ 5"
$ "
+-.H+ 3> 4 "
3 & 7 $
% ) +-.EHO)



C % C9 B
% % % "
C9 Q! +-.HOB Q* + --EEOB + -.EJO + -.--
, % 6 4 9
& % + 9 0 34
2 +-EKO% 5 = + -.-- 7 6
% + + 3 ., 9
+ % 9 O 3 &
1!
, 3 + & 9 C
* 3 , "4 3 + >
3 6 ' %
& ?
$ 0 % , = 3
+ 6 43 ?
% B
4 > & % D2?
?”*> 5 6 6 3 0
> 3 ) 3 & ) & %
) 3 6 ' 49
% & + + + +
3 + + 39 "
9 ? 6 6 ' + &
& 3 7 f$ O "
+ * %+ "
$ & ) & &"
* 3 + D27 * + )"
& 6 ' % 3 3 + %
6 6 % 7 @ "



23

, +4+ ? 9 + + '7T+'+ @ +*+ +! Q +, -EG
8 % 6 <=>
>82 + -+, F/IH WAA “E. EGHE"= ..F/IIH
T+, Q# + --G5 6 % %
? @! I' A + H+ JKJLJI
WAA E. E.IA--113] -.-- -EG/JHI
, *+ +tR% +!'+R +*#Q + 0* --G , 6 W
6 6 6 A % "
? @! I' 0 + G+ GKHLGHK
WAA "E.EJGM=6 ~A I
, +**+ R +1 Q +02 -E- B I C "ol +
! I 2+ "l " +9 @ 2
D 3 WAA A A NE.KKF"HF/-J*g A _E
, +* Q@ + -El # >% 6 6 W
, " % <9 ! / + E. + E.IELEEE.
WAA ~E. E.GH" ....EFH
, TR+#+'M'NQR + --. D %
% @! 'B <9 11I"9 <9 9 +
-+ E/ILEFK WAA “E. EEEE"= EGEEF
, *tR+@ +, +' + 1+ D + , T QR +
% = % W, %
@! " B <9 !1"9 <9 9 + DG+ GGGLG/E
WAA "E. EEEE"= EG/HK
, "2 -.El % TOLE'T 11 ) D
3 -.El WAA " AN
> A EBEJ'EAN S h-.h'Onh/..-EHE/"/h
, + +7? +R Q +, -.EH 5 W 8
% %
J [ +! + + JHLE.F WAN AE. E.EK"= -.EH K. J
, +B R+ +?*+' +5*Q +# --E $ -K+..
% 6 % @! <1 9 !
<9 11"9 + -+ /E.L/IGE WAN AE.E.GHN .-l
, + +! " +R+ B +5+ +R2 +4 + +' +R , +
+ I1+@ +? Q4 +#, -EK 6
6 ? @ I 0 +D /+ FJELK.K
WAA E.E.EK*==6 -.EK.E .-E
4 +! BEJJJ R 6 W, %
8 | G/1% +! A+ * + D K+ HKGLHI/ WAA ~E. E.EK" .E/J"
HKG/ JJ ...EJ"K
4 +!+' +R ,+! + Q + , =..J b WR
? @! I A + "G+ E-ELE/-
WAA AE. E.IA--113.3.-H/H---
4 +!'Q! + -.. 5 6 W,
8 | G /1% +!
A+* + F+FHELFHJ WAA “E. E.EK" .E/J"HKG/.. ...-I'F
4Y %Y+?2+ %Y+D+ @ + Q ? %Y+?--E 6
6 6 6 W %
R3 B <! 9 E + 7H + 1 + EE./KI
WAA "E.E.EK"= -.- EE./KI
4 3+,*+ #% +,* Q ? + -.EJ 8
% W O 6



<9 ! 11 1" + + E-HLEG.

WAA AE. E.EKN= -.El.J.G/
4 +2+ # +R+ '3 " +? + 46+*+ 4 +14+ *  +#+
4 +1+ * +,+# +0 Q 7 +0 -EI D
% %
% ?7 2! @ I' B! 'GA I + . B +
D E + /FLFE WAA "E. E.I."EGK-FEIH-.EHE /[---GJ
4 +**+ 72 +H#H+ +2 + 2& +* QB +, -./ < 9
‘9 % & 6 06 O
% ' - + G+ -JGLG.G WA "E.E.FFN"-L
IEFIEF
4 +* Q4 + -EG R 6 WB 6
? @! I 0 + EE + -K-HL-K/G
WA/ "E. EEEE"= E--HG
4 +?+47 +B+? +*BQ + -.J 0C
"0 " -1
[ +! 8 | +D+ , -1 WAA NE.GGIN A -..J
4 " + +R=+i+@ +#+B + +) + QD + -EE
% 6 W, % " *BO
? @ I 0 + J+ -F/KL-FFJ WAA "E. EEEE"= EH/G"
KE.J -.EE .-GHK 6
4 +! B+ +)#+, +* Q* +! -J 5
% BO "
6 8 W % .
<9 11"o: B 2 + G+ -.HL-EF
WAA E.E.-M E.K
4 +RQ? +! --G @ 6 W *BO> + +
0 A+ * + [+ -JKLGEE

wa o AECEJGMN6 %A -]
47 + *Q* +@ -.I ,

W2 % + % " B <9 11"9
A+* + H+I-HLIFK WM™  "E EEKM= -/ K .F
4 + +% +@ Q# + -.H 6 W,
% 6 % o ! 2 +? 9!l9limor
G-HLGGJ 0 $ %
4 + + # " 3+*+ # +*+ + i + + 5 + + # +#+
+B +R +'+B +i Q) 33+# -EJ 2
6 W 6
* ? @! I 0 + EE + EKIELEKJF
WM AE E.EKM==6 -EJ.|..F
4 3+#1+ ' +5*+ +!I R+ +# Q , +tBR --E 2
6 WR 8 + % + % g
B! % :<9!1"9 HE+, -JGJ WW AE EF-F -J.GJ
4 +R+4 +!1+ +*+* +R Q 4 +R -.- $ %
% % % w, " ) @ "2 1"9 +
J G+-FIL-KE WM A~E.EJGMN=" .GH
4 +** Q# + ! BN * W 5 "
8 @ " +1? 9 2 <9 9+J E+/JL
FJ w™m  AE E.EKAML..F'HJIEK J/ J..KG"J
4 +*+ % # +*+ 1 + + + ?+2 +!B Q# + -E-
: 8 % 6 % 6
) + r [+ + [+ IJELJ.F

wn o AEE.LHMEFIMEE"JI-"H



4 +? Q* + 2 -J 8 % % % W

, % 8 B E I @! I
<9 191" H G+-JILG.K WA AE. E.EK"= = - J.E.J
4\ +*?+ ) +0+"' +R Q 4\ +?7? --. 5 8
% W, % -1
<9 11"9 + + FFKFHH WAA AE.GGIN - . FFKFHH
4 +,+ % +#*+ +! Q* +* -, RD)0 "EJ
W
-1 <9 9 + D+ , IGFIFH
WA "E. GGl -.--IGFIFH
4 3 9 , & G+ EK % g <
K 1" 8 %:8 /"), # K 1 "+
2% M N WM 6 A "
e ) R A
49 + +4 +,*+R + +2 +*+ 29 + +? +# Q +4 -.-E
, % % % + +
A 6 w % -1
gt 11 +D+, E..J/IG WAR AE. E.EK"= - -~EE..J/G
4 +,+2 + Q +5 -EF # % 6
" ? @ I 0 + K+ E/-HLE/GF
WA "E. EEEE"= E-1JG
4 +#1+4 +* Q' +,5 -E- 5 8 %
6 W, % ? @ I 0 + FJ+ --EGL---G
WA AE. EEEE"= EH/G"KE.J -.E- .-I/l 6
4% +1+ * +*+ ' +#4+ ' + 5+ ? +14+ * +,+ +R+
5+2*+5 +#D+i +, Q 3 +* -.E.
6 ? @ I 0 + 1/ -+ EK-HLEKFK
WA "E. EEEE"= EH/G"KE.J -.E. .EHI. 6
R + -.EH 6 % 6
0 A+ * + J/+ 1GILII
WA "E.E.EK*= 6 -.EH.H.K
R +# -EI 2 8 %
o] B > | [ +! + D+ EGELEGF
WA AE. E.EK"= -.El K .EF
R [+B +R +,+4 + +* + +; + + + +# B +'+
4 + Q, +' -.EJ 6
% W , g / /| +1 +FE-+ | .EGIJ
WA “E.E..-A GEGIJ
R + +! + +' +R ,+) +2 Q@ +! -1l @ P
6 "6 6 on W' 8
? @ ' A +J E + GKL/I Whn AE. E.LA--I1HLELL HK
R + +, +R+0 +'+ + * + * +H#+ +# QR +, -.F
% 6 % G. k G
% B! ! + | E+ EJL-G
WA "E. E.EK"= -.F .-
R% +!+R3+D+B +*+ + 1 Q + -El 8
% 6 6 ? @ I
0 +J I+ E.IGLE.J- WAn "E.E.EK*==6 -.El K.
R +!+ +* QB +,2 -EF 5 % %
8 6 6

<9191 +J H+JFHLIKI ~w™M  “E.EEEE* E-/I-G
R8+,#+ + ' Q? +5! -H # "
6 % B! ! +1J K+ /L]
whn e AEE.LEKM= -..H .E .E/

-F



+? *+R +R +* =+, Q
% W OWR % B! ! HD - + EEFLE-/
WM B E.EKN= -.F.l.G
+?2+* +@ Q! +! -EG 8 ! Al L8 M
B! + o + + .\ F; $
2 2 % +R R % +
R 2 + ELEF
W/\/\ %/\ N N N .K_
Bz+! + | +* 0+ * + + + '+* + Q) + -.El
P W 5
- <% + +, EIE w™M  AE.GGIM -El. .E/E
+? + 2 +5 Q7?2 +@* - E- 0 % 8
% 6 6 %
@' '8! +D EK + FF/JLFFF- W™  7~E.EF-GMN $BDRO  FJFI"
EE -.E-
+* -EF ' 8 6W 6
% 6 % 6 ) + ! [ +!
K+ EKKGLEKH/ ~ w™M A E.HME.FIME/M .JEJ'H
+)+* +1 #+DP4 + * +R +'+ +,, Q0 +?*? -.H
E,R"E.EJ'
>0 G 9 1I"9 + |+ HIILHJ-
wM - AECEJHAE D' .L-TITHG/.
+,+4 + Q% # +* -EK 0 6 6 W2
6 6 g ? @
A +JD- + -FEL-K/ W™ AE.E.ILA--130 -.E/ E..GGKE
+ +4 +,+ + +R +' +' + 1+ + Q5P= +' -.E-
B % 6
B! ! + J F+ /H.L/HJ
WM B E.EKN= -.EEE. . H
+ QB7 +5 --G D ? 3 %W @ % 3 3
) & , 3 9 02 7 + 59 +R5 +*
7 Q B 4 2 + ) # ) 0 (
) # + E-HLEGH 4 O
wMm AR, ELHAJHI'G'KK-"KK./E"KhI
+* +D +5 @ Q*# +,4 -.1 R %+ +
W, % ) + "9 11" >% +
I /+-JJLGH w™w "B E.HM.//MI"H M-
+,2+D % +?20Q + - . "
% <9 191I"9 + Jl -+ , EG/I/
wnm AE.EEEE™ EG/I/
+)+R +*+R +B Q4 +* x| %
@' !"B" + 8! + E.+ EHFGL
EHKE WM  AE.EEK-"= -.l-E-E
+, + +, Q +*1 -E- 2 W B
% % % 6 -1 <9 1I"9 +Dt
: FHF W™ ~E.GGIN  -E-.F HF
+ -EH ? 3 O## Q 2+ [ * 9
% E/JLEF/ 4 2 wnn AE. E..HNJHI'"G"
KK-"F-1.J"JhE-
+!'B Q% +R -.1 0C % -
BW , % <9 191l"9 + JE+ EF-LEH.
wmM - AE.EEEEM=E/KJ"IJIK -..H .K.- 6

+24 -K 8 %



+ @ Q + -EJ 2 % >

<9191I"9 +J K+ , EGG/.
WAA “E.EEEE™ EGG/.
+02 ,+" =+# Q% +! @ -.J
8 IA! + | + HHKLHIE
WAA “E.E.JH"@ B . .EG G-IG- .-
+! Q* 3+,# --. 5 %
2+ | . [ +! + [+ -H/L-IG
WAA AE. E.EK*= % % -.-. ./ ..G
9 + +' +2+ +2 *+* +5 Q4 +! -EG 8
% 6 W, % " ) + F
/[ +! + K+ JEFLJGG WAA ~E.E.HM"E.F.I"E-".. K-".
33 + Q +5 --. 2 W $ %
B 7"E+ " + E-+ E.JHLEEK
WAA AE. E..HM[.-KE".-."..JKK"|
+ , Q2 " + -EG C
% % g <9191I"9 +
J [+ G/ILGF. WAA “E.EEEE" E-.-G
+ EI, -EH , W) 2 + 2 + # 6
B wm 3 A~ A EHMA " % oot e"
%+7?+ 2 +* ' Q +*B - E/ P
% g, " % <9 1" + F+ E-.FL
E-FJ WAN “E. E.GH" ..GF/GI
+* + + 1+ +,+ * +H#+ @ 7+ + +* Q 7
+0 -EG D % %
% % 8 " + "
3 % " %
<9 ! 11 1M + D H+ EEGGLEE//
WAA AE. E.EK"= -.E-EE . K
+' Q59 + -.EF < 1:2 % # | JO# +
5 ?
WAA A N A JGIHKM KIEHE.TK E FI/GIGE-G K»
" "- EF"
+, 5+ 4 + B+ ? +!*+ +@+ ? +*+ 1 3 + #+ ?+ +
4 +#1Q° +0 -.E/
% % % ? @ I'
0 + EE + -HK/L-HHE WAA AE. EEEE"= E-KKI
+2+ * = +?2+ *3 +R + @ +*+ '7+'" Q, +4 -EJ +
+
@! I B 0 + G+ , GKG
WAA AE. GG = .G.GKG
+R ,+4 +!+ +2 ,+' +5 Q5 +, -.H % "
% 8 6 o]
<9 ! 1 1mrm + D G+ -/IKL-FF
WAA AE. E.EK"= -..KE- .EE
+R , + + ,Q* +B B - .K' 5 6 6 NG
% W ) + 0 /[ +1 +DJ/ + GJHL
1. WAA AE. E..H"E.F.I"..K"J./E"H
+B+R % +! Q +!' R -.- %
6 % <9 1"

Al + -+F-LF-~. W™  2~E. EEHH".GG-JE-J.H GE.



' +B+* + Q +!R -- 4 % % 6

W 5 6 6 % <=> >82 +J F+
, ~G-11J WAR AE. EGHE"= ~G-11J
' +B+ +!1*Q +! R -.EH % 6 6 ANG)
% W + % %
E ! @! " B . <9 ! "M+ | E+ KFLHK
WA AE.E.EK*= = -EK.J..G
B A + @+ %", +R Q5 +B -EG @ P "
6 % 6 6 <9 IM +
E. + -E.KL-EE. WA AE. EEHH".JFKHIJHKEG/IFIJKF
' +,+4" + + +D+* +0+B +i+R +! Q, %+# -.H
) % % % ? @
0 + K+ EKHJLEKIG WA AE. EEEE"= EH/G"KE=JH ..K-E 6
' +B+R +2+B +2 ,+ + BQ2 +!B -EF D6
)5, % 6
J [+ +F + I-LII WhAn AE. E.EK"= -E/E-.. J
"N% +5)+ ' + *+? +# D Q ' + @ -.EH
8 % 6 % WO
6 6 2+ 1 . [ +! + D G+ -IGL-J-
WA “E. E.EK"= % % -.EKE. ..K
"% +tR+@ +,*+@ +B+2 +, B+5 + Q7? +! --. 8
% % " W,
% % / + [+ EJ/
WA "E.GGIA E../lEJ/
2= +'+ +1 Q + -J* % w5 "
% B 8 1911I"9 + G+ F.FLFE.
WA "E. E.EK"= -1 EE .-l
2= +'+* +, QD% + * -E. % " + +
W, % % 7+ g 1919 +DJ-+ E-JLEFF
WA E. E.I.NNHFKFK/.J.GF-KF./
2= +'+@ +,+* +,0Q + -E- B 0o !
# Q ? 2 + ? > !l I' + ; !
11 /[ELIH- D6 $ %
2 + --G D % % W 4 +
+ > -1
g ! 1 1mmg + +, E.E./. WAN AE. E.EK"= - -~ E.E.L
2 +,4+*%F +# + +0 Q* +R* --G B 6
% % ? @ I 0 + |+
E.J/LEE.- WAA AE.EJGM=6 A .H-
2%+ *+D +# +@ +0 Q, + RB -El R %
WoC % ? @
A +JJ J + EE.KLEEEF WA AE. EAAL--113T -, EH E/EJGG/
2 +, -.El E! 11 Fro Pl ! 9 :)
"% ! 0o Irro ! '
2 +R+7? +, R +? +*B+ +4 Q? + - -0
% W, %
-1 g 11 1mro + 1+ E.E.GE
WA AE. E.EK"= ---E.E.GE
2 +5+ + ?+ +,@*Q"? +2 --G 6
W, % ? @ 0 + H+JKFL
JHK WA "E.EJG"=6 "A .H/
2 +,0i+) +B+ + + @ +! +D 3+ R+2 +B+5+?2 Q* +*

-- 4 % 8



" ! 8 1%!1"9

I +D+, E.-l W™ ANE.EEKM= - - E.-l
2 +!l,+@ +?;+5 + ?Q +1 -~ 4 8 W
6 " %
B! ! + +, E.GI WM A2AE.EEKM= 6-. -.E...GI
2 + Q* + --G *% w
-1
g ! 1 1" + o+, E.E/- WM AE.E.EKM= - - E.E./-
2 +4+7? +5*+4 +i* QR + -EK $
% + + " 6
? @! I A + JDI+ JHJILJIG
wan AEELA.--113J - EF EEE.E.H
2+1+ +4+#+IMi N+ +i+2+; +i+!1'Q +i -EJ 5
F"255# B
% <9 +F /+ JHLE.-
W AECEJHN
2 +*+ #+' M A N+ #+! MI=N+ #+ i Mi 6 NQ + ~--. 0
6 g,
% " 6 6 ? @
0 +| E.+EJ-LEJFF W™ "NE.E.EK"==6 -.- ...l
2+ +* +2+ +* QR % +*# --G B 6
<9 191I"9 + -+, E/EK-
WM AE. EEEE™ E/EK-
I+ 2 -..H ? 9lglrMor 0 $%
I + Q4 +! -H 5 W 5 6
6 6 % 0 ! 2+ ? 9lgllmgr
EJHL--- 0 $ %
I + Q4 +! --G 5 6 W, % +
SN AR ? @! I A + H+ EL-E
WA AEELA--113D -.-G --EJ-/
I+ + % +@+ +* Q! + b
6 W5 6
? @ " A +DIE+IL-G WM™  "E.E.IA.-1..JFF-E K
I+ +) +2+ + Q4 +! - - 5 6 0 6
6 Wo * 6 6
? @! r A + DF- + EE/LE-K
wan o AEELA--11D.- JFF-EG.
I+ +) +2+ + Q4 +! - - 5 6 0 6
6 W 00 ? @!
A +DF- + E-HLEG- WM AE.E.IA.--/1J.-.JFF -EGE
l%+!,QD +?, -.H % 3 9%
% 8 3 ) + "$ P O . + F+ --FL-G/
WM AE.E.HA LHGH"..H".EJH"F
!++?&&+,+2= + 1+ +5+"' + ,+B +2+V + +B + RQ
+4 -EI , " > 8
% A 2+ |
/ +!' +DF/+ GHGLGHJ W™  "E.E.EK"= % % -.El .- ..l
I+ +*  +#Q +* -El R %
g B 0 A > | + D J+ EFIHLEFJ/
wan - AE. ELANG..HIJF -.El EIHFG/I
'+ R -J 5 6 W o0 6
? @! I A + "G+ -GHL-/I

wan - AEELAL--113.3.-HIH-G.



+ + @ + + ? +5+ @ +4+) + Q +B -.E/ 6 W
0% % 8 6 <=> >82 +FJ+
. E.HHJF WA AE. EGHE"= .E.HHJF
? 3+* |+ +5#+4 +R+* % + + +*R QR % +*# --G $
6 W 6
0 + -+E"E. WAA "E.EJGN 6 MA E-
+ *+2& +?+R +2 +7? + QB +, -.-- %
% W % "
6 [ +! A ? 9 + J + E./EIE
WA "E.E.EK"= ---E.[EIE
+ + % + + + +*? +R+ R +B+ +R Q +, -.E.
8 %
% % " W,
3+ "+ "+ B 7"E+ " +
D F+ G-FLGGK WAR AE. -EKF*EEFGF/F.".... ..... M
+1+ 4 +R+ " +5 +? +4 B Q +* -G *
"% % 6 ? @ v 0 +
K + HFKLHKF WA "E.EJG*=6 "A .G -
+, R + + + 8+ 4 + #& +* + 7 +0+@ + Q
+4 --/ B
I <9l 11 11" +
+, E.KHGE WAn AE. E.EK"= --G E.KHGE
+ + ? %+?7+ + + 4 +*+ ? +5 Q +B - B
% + + % m
% B ) A + FG+ EE/LE-F
WA AE. E..HM/-J- -G
+ +? +D+* +R+5 #n+0+ +1 Q +B -.- = %
% % 6 6
[ +! / A + DFDB , EE-HJ-
WA AE. E.EK*= -.-. EE-HJ-
+*+ +?7Q@ +7? --E 6 8 % %
6 2¢1 19 <9I + | G+ -HGL-IG
WA “E. E..H"/.1.K".-E"..-HK"
+! G. * -.F 7 # g "
W/\/\ N N A% "3 non "
e €]
+ I Q% +!'@ -EG $°" "
w B /e <9 11"9 + F E+ -IL-GG
WA AE. E.EK"= -EG .F .-E
+ )+ 2?27 " +?+ +) 2+ +, + % +R+ | + +
? 4+ 4+ + *+D3 +4 Q = +)' --. D %
/ W, )
<9 + + /+-JILG.K WA "E.EEEE® EG-EE
+ ) +* +, +# +j Q = +)"' -G
% @)0)
<9 9 + H+KI-LKIJ WA AE. E..E"= --G .ILH
+ BQ@ +* -.- % 6
3 @! 'N!I"9 + -+ E-HLEGK WA E. E..H" ..G/F"
. -KK"G
+ R+ +? '+ 46+*+ * +H#+ 4 +2+ | +0+ * +#+
4 +1+* +,+# +0 Q 7 +0 --EH R
% %
8 " " + " 3



<9l 11 1" + | + EGFLE/G

WA AEE.EKN= -.EK EE .GG
+R+ * +,+ 3+1+ "3 " +?7+ 46+*+ 4 +2+
* +#+# +0+5 + +2 +* Q 7 +0 -.El
6 % " + "
2! B ! H EE + E-.ILE-EK W™ ~E.EFG.AR"EI".GI/
+R+ @ +,+ 46+*+ '3 " +? Q 7 +0 -.-E
5 % % W R %
" % " %
0@ G Al + . + | + E"I
WM AE EEGKM = "--"- KFI
+, +1 + + + ?2+ 2 +!'B QB + -E- 5 8
6 6 + + 6
6 ?2 @ 0 +FF + EGK.L

EGKK WM  AE.EEEE"= EH/G"KE.J -.E- -KJ 16
+, +* +* Q* +! -EE )

? @! I A + E+ /GLF-
WA AEELAL--113.J.GFFKGH/
+,+ + +4 +1 Q2 +* -EK 2
6 W, A " ? 2!
@! Bl I G A! + | B + -+ EFILEKH
wan - AE. GE.JMEGK-FEIH -.EF E.HJK.J
"# +*+D Z+B *+* +*+D + QB +! -.G , %
> 6 %
% % ? 2! @! ' B! I G
A! +. B + G+E-JLEG/ W™ AME.EIMN=IGE-JE G/
+@ Q! +) EJH. : Cc 9 # +4
+RR+" + ,+# +? B Q* +*@ -EK 5 8
W, % % "
[T <9 119 + +EF/LEK. WM  AE E.EK"= -.EK K..-
+R*Q4 + * - H @ % 6 ) + I [ +! +D [+
/[HHLF.H w™M  7“E.E.H"E.F.I"..H"JEHF"-
"4 +'+4 +'BQ 3+* - -~ 4 %
6 w, """ % @' I'B 0 + E.+,
-HJ  wMm AE.GGJ.A= EEE.-HJ/
+ + + 1Q) +! --E ) 6
B . A +D G+IJLJIK WM "“E.E.HM"EEJG..-E"..GE -"
J
+t) Q@ +##* --. A WR
A % % ) + . +!
<9 1I"9 + G+GIEL/E- WM AE.E..HM/HF.".-.". EGH"E
+B+ * +#+ # +0+ B oe +D Q ' o e+tB -EJ
% B 8 % g /! <919 +
+, EHHKH WM  AE E.EKM= -.EJ E.HHKH
+1#+R +45+' + |+ +B#+?+?22 Q2 +B' -EG D
6 + + 6 + 6
) + r [ +! + E+ IELJE
wan - AEELHMEFIME-"JI-J'G
+R)+5% +0*Q + ! -- R %"8 % w
: % 8 ? @ U
0 +| EE+--L---I W™ A"E.EEEK"==6 -.- SdLF
+,+ 4 +'? Q B + D -EH % %
W, 6 % 6

GE



2@ ' A +J G +-JKL
GH wMm  AEEIA.--/3J-.EK EEF-/FF

* o+ L H+ +#+ 4 + + 2 +,+ +1+ + * Q
2 +1 - | % W 0
8 B! +
<9! 11 1l"9 + D+ , E..K
wmMm AECEEKM= --ELLK
L HE+ + * Q 2 +! -- * 0 + %
W, B" <! 9 E+ 7H +
+, E.JJ.- WM AMEEEKM= - -.E.JJ.-
*+, 1 #+ 7 +, R Q 2 +! -EI P
W oOoC % %
<9! 11 1I"9 + F + EELEJ
WA AR E.LEKN= -.El .-
+B + # +0+ # +# 7?2+ + *+ * +* R Q5 +4 -EI B "
6 6 " % "
$ w % /0B
$ P + - WA AE. EEIKME-J.F.EH".F.I"K
+ + 2 +, 0+ +?+ + +@ +! +) +B Q* +* --
2 % w B " %
" 8 1%!1"9 I + D+, E..-HK
wMm  AECE.EKM=  -- E..-HK
+0 ,+ = +)'" Q 3 +4, -G %
% " @)0) 8 *I > + J+
, -GGFJFH WM AE.E.E"= -.-G GFJFH
+0,+2 "# 3+ Q 3+4, %
% % -
21 11"9 +D+, IIFKEH wMm o AE.GGIIN - - IFKEH
+?+ " +! Q4 + --E ) " %
6 6 6 " o~ " W,
6 + 6 + 6 % 0 +
Fl+, E.GH WM A"E.E.EK"= 6 --E E..GH/
+?+# @ +,QB +! # -EH $
6 % L + [+ FF" FI
wMm  NE.E.EKM= 6 -EH .J..E
% +,*+ | +B#+ #3 3+,+ 4 % +,+ 4 3+#+ +,+
+* Q +R  -.--
6 wW 5 %
6 ? 2! @' !B! IGA ! + . B +1 G+
-E-L--. wnm AE.EINMEGK-FEIH -.-- -.G. H.-
% +,*+ +!1+! +B #+ 8+ ?,+4 3+#+R +) + +*
Q +R --G ,% 6 W
0 % 6 <=> >82 + E+, -~HIHK/
wn - AE. EGHEN= -~HJIHK/
D +?2, -3 > % 8 W
- W/ " <9l 11 11" + D F+ HEGLH-K
WM AR E.EKM= -.lEE.J
D% +# +) 33+#+' +,+) + +R +'QB +i -/ @
g5 % 6
< 19 + F -+KIJLHF WM ~E.EEFJM...FGFFIH
D + '+ +R+ 2 +?+ # 3+ #+ +B Q4 + -EI
% ‘ % - +l E.+

JJJILE..H wan o AEELFFANKIMIIGE



+ Q# +* -ElI 2 6 B
Al + [+ G/FLGF- W™  AE.E.HM"EEJG.".EI'E IE"-

+ +2 +? QR +B -EG 5 C %
6 W, % ? 2! @ ' B! I G
Al +. B + E+-HL/G WM  "E.GE.J"EGK-FEIH-.E-H -IK/G
+ +5 +,+, +!*QR +# -EF D %
3 / 0 " +D H+
-K/IL-KF/ waMm AEE..-N --HIH
+ Q! + -H , % 8 6 W5 "
% % = % 6
) + 0 [ +1 + D K+ HJGLLH
WM AEELHMNEFIM.K'JEF".
+1" - H ¥ 6 % 0 ! 2 + ? 9!19llgr

G/LGK- 0 $ %
%Y+*+4 U %Y+)+2 +!+B=+ )+B 3U+ + +?*Q5n %Y+p --E

D 6 '
, -1 g ! 1 19 + o+ E..J-K
wmnm - AE E.EKM=  --EE..JK
+ '+2 +*'Q4 + * - [ D% 6
? @ ' A + E+FFLKF WM  2AE.E.IA.--/1..JFF-- EG
6 +@ Q# % +! -EF , 6 6
6 w % % ? @ v
A +J K+KHJLKID WM 2AE.E.IA.--/13]-E/ [-11.
3+4 ,+2 +5 Q2 "# 3+ -E J % %
% & A +FE+
: EE.G w™M  ~E.E.GI"/EFJI".EJ"/ H//IK"/
3+4 ,+7? +* Q? +2 - .EF 8 8
" %
/ A + JF + E.ILEEF
wnn - AEE.EKN= -.E/EE .-F
3+4 ,+# +R+ +4 Q' o e+B --- @
% - 8 ! + + 1JI/IH
wmam AE.GGIN -~ 1JI/IH
3+4 ,+ +0, Q 2 "# 3+ --G 2 Q
W 6 + Q
<9 ! 1 11" + J + , E.K-J-
wnn - AEE.EKN= -.-G E.K-J-
3+4,+ @ "R 3+? Q 2 +7? % --G %
W, %
-1 g8 ! 1 19 +F -+, E.E.K.
wMm  AE.E.EK*=  --GE.EK.
+ + # +*+ #3+ + R +* + 4 + + +#+ + Q
"33 +,B -.K W 8 +
" 2@ "1/ 9 0 / "9 + E"F+
-FL-EG WM  "E.E.EKM== -.K.J.- G
+ +4 +1+% B =+7?+7? +2+D % +4 Q5 +, -E/ 5 %
% 6
< 1l"9 /! 9 /| +! + + HELHJ
wmnm o AE E.EKM= - E/ .- .-
+R!+ D +?,+ *3 + Q + -EH 5 %
w % > 0 9! + + KJLHH

wm - AECE.EKM=  -.EH .G .E-

GG



+ + +* QR +, -EJ 5 % W
% -1 g 11 1mro +JJ+ E..HJJ
WA AE. E.EK"= -.EJE..HJJ
+ Q2 +R -E O + 6 W *BO
6 0?!'R Qr** 2 +) B
++1 + Q2 +@ -.l , 6
6 ) + ! [ +1 +DI K + JG/L
J/ WAR AE. E..HM E.F.I"..H"J-GK"K
+ + +) B+ +R Q + -EF # % 6
6 6 !
B!" + JH + 8 ! + E+ JGLE..
WA AE.EJGN N
+ +@ + Q# +i --. 5 8
% -1 <9 1I"9 + +,
G.-G WA "E. GG -EJ.G.-G
L #+D + +, +'Q + ! - 6 6
6 > N!!"9 + + HELHF
WA "E. E.EK"= --E E- ../
B+ + + "0 + + "0 +!+ +#* Q
+ ! -El ) 6 6 6
on W, 8 6
) + U [ +1 + | K+ EH-ELEHG- WAN AE. E..HME.F.I".EH"
EEGH"I
+ Q +4 -EK 8 % % C
% 2! 8 191 "9 + K+ E.E/LE.EJ
WA AE. E.EK"= -EK.G ./
+, 1+ % +*4 +R+4 +' QR +, -.K %
%
- 9 9 + J F+ EGHELEGHI
WA "E. E.EK"= -.FE..GE
+ QB +* --E 6 W,
% 0 A+ * + FG+ GKFLGI.
WA "E.E.EK*= 6 -.-E .E..E
+R+ * +* + | +B + # + + 4 +D+ R " + Q
# + ! -EJ O A
% <9 ! 1 19 + + E-ELE-H
WA AE. E.EK"= -.EIEE ..F
+,2Q* +R* -EE 6 " + 6 +
6 ) + !
[+ + -+ GFELGK- WA AE.E.HME.F.I"E"JK  J/".
+*+? +) Q4 + -EK 5 6 % +
6 6 + 6 + ) + 0 [+ +
J E+-EJL-GG WAn E. E..HME.F.I"E/".G JJ"H
+ R+# +, R+4 +B + R +? +? %Y+?+2%Zg+!'+! +4 R+
4 +#*Q +* -E/ + +
W 5 <91 +J H+ E/JHLEF.G
WA "E. EEHH".JFKHJHKE/FG--JF
3+# ,+R + +R + +@ + Q +ii --/ 5 >
% %
W, 6 A
) @! I'<9 11"9
21 11"9 0 %! + DI E+ E-E"EGG
WA "E.EEF"= .J/EI-.-G

G/



B7 +5 --E 2 ? 3 L & 9 g

(I 210 1 + F/+ -FJL-KH wam AECE.LHME.GUM-ET
LE-"I
B +BR+4 +R+2 +!B+# + B+* +R *+ +B+ +
Q P, +B -.. 5 6 6 O0OW, "
6 @ ' GO
? 9 + -+EJEL-I wan o AEELALI-K-G..-HIF JH
B +* +R +* 1+ 2 +*, QR +B! -EK D
wW @ rgt1tr 1o + H

wan - NE.EEEEM= E-/.-
B +! +R +5 +? +)+# +! M N+# +R* Q +! -EJ "

6 6 W5 r | r6
[ 6 P 6 <! 9 E +
7H +J +, E.JF.- WA “E.E.EKM= - EJ H .E-
B +2,0@ +? -.H 6 8 % 6 w "
g /[ +1 + J /+ F-ILFGG
WA "E. E.EK"= -.H.E.lI
+ ,+' +R ,+4 +1 # Q4 +! -.E , % 8
% 6 "
B! ! + E+ FELFI WA “E.E.EK" ..E."
HI-/ .E ..-EI"J
+ ,+'" +R, Q* +B B - A 6 W
5 % 6 6 6 ) + U [ +! +
DI - + -/EL-FE WA "E. E..H"E.F.I"..H"J- GF'H
+* 0+ 1+ 4] I+ s, ?+ +#* Q +5 #
-EH 5 " % % >
@! I 0 ! + EE + JKFLJIKJ
WA “E.E.EK"== -EK.|l.EG
+,+# +R+ +4+ 3 +4 , Q 7 +0 --. 8
" % C
% <9! L 1 1I"9 + D+ ,
E./F/l WA NE. E.EK"= -EJE./ F/l
+? *+5 +2 ,+4 +1R +D + ,+# +H#H+1 3 +*% +
"+ +? 41+ 3+4 Q " +5, --E 2
W <91 11 1I"9 +
D +, E./IJF WA "E. E.EK"= --. E./JF
+ *+2 +1Q* +, 1 # -- % " W
% %
-1 8 ! +J+, HJII-G WA ~E. GGIIN  -.- E HJII-G
+ *+ 2 +1 Q* +,1# - 0 6 6
WO 6
-1 /| +1 8 ! + + EGIK..K
WA ~E. GGl -/ EGIK..K
+2 5+R +4 +4 +**+R +!5+0+5Q# + I -... 8 %
W5 % % %
<91911I"9 +DI - + -FHL-KE WA “E. EEEE"E/KJ"IJIK GH- .-FH
+2 5+ +5+ +! Q! 7 +* -.K W % "
<" / A + J + GELFE
WA "E. E.EK" ..HJ"KE-G .K FK..-"J
+25+! 7 +*+@ +,0Q2 + , D -.G
% 6 <9I + E+ HLEG

wan - AE. EEEEME/KH"J-I. .E/EE

GF



+25+! 7 +*+ @ +,0 Q2 + , D -./I 5 %

C 8 % W, B <91 91l"9 + G+//[EL/I
WA “E. EEEE"=E/KJ"JIK -../ ..EH/ 6
3" + + o+ H+ i +5 ,+ * 3"4 + +
+7? *+ +B+ +, #+ +$Q 3+4 --
% % wW D "4, ,
6 -1 0 H+, HIK/K
WA AE. GGIIN - [HIK/K
+)+ + +4 +5+ A+ + 4 " + Q + -EK
WR % ? @ I
B! + 8 I'I"9 +J |+ EKKILEKHF WAA E.E..-N -GIF]
+ @ Q +! 2 -EIl , %
% 6 % -1 <9 9 +F
, /K. WA NE.GGIIN  -ElL K.
+'+R t+s+ +4 Q + ! R -EG
W, A % " %
8 ! /1% +! A+ * + DI/+ KIELKJK
WA AE. E.EK"= % -.EG .- ..-
>+B+ +# Q +' -ElI 5 8 w " 6
" /1t <9 1l"9 + DI +
EEKLE-/ WA AE. E.EK"= -.El. H.H
+B+ + + +, Q0 + -- D % +
+ % A [ +! + o+,
E./I1J WA AE. E.EK"= --. ENN
+B+ + ,+4 + + +,+ * + 4+45 +4 R+ 6+ +R +,+
+ + +,Q0 + -- % 8 %
2 [/ +! + + E./HIG
WA "E. E.EK"= -.-. E/JHIG
% +B '+ 4 +, R2+B +2 Q4 +@4 -EE 8
6 WO 6
<9 Il 0 + IDJ+ IEHLI-F
WA AE. E.JJHM i . .EG GEI-G/ K-
"@ +B Q +, -EG R 8
% [ < G A B
21 11"M9G0 %! +| E+ EGL-/ WA "E.E.EK*= -E-.J i
+ ?+1!13 +? Q + ., - E/l 2 +
6 ? @ I 0 + -+ /K-L/H.
WA "E. EEEE"= E-/.J
+B+7? +5+ 3+* +4 +* Q +! -El |,
% % 6 %
B /[ +! 8 ! Al + J/+ -EIL-GE
WA “E. E..H"/./HG".EI".EK-"J
+B+ * +R+? +D+ @ +4+ +!1 Q7?7 + -—- 0 %
C 6 @! I
[+ ) + -+ F.KLFEJ WAA AE. EFFKM-. K -.-- ... GH
U+ Q* +2 -.H 4 6
0 ! 2 + ? 9tgolior GLG/ 0
$ %
+B+ +# *+ +* #+ R + o+ +1, + 6 + Q
+R -E. 8 %
8 6 %
B! ! + -+ E/MLEF/ WAR AE. E.EK"= -.E..- .EK
+ I - 2 % >% G
9 Il"9 +FJ - + -KEL-KK WA AE. E.EK" ..-J"HI// 3 JE-

GK



5%

%

%

%

%

%

%

):

+0*+* +R)Q + ! -- 5 % 6
W, % 0
A+* + G+/.GL/G. WAA "E.E.EK*= 6 -.-.. G..-
+R *+ + 1+4 +, +@ + B#+! +@ !+ P +* Q! +
-.-G % C 6 8
% B % B! + DDEG+ |I/IFLI/JF
WAA AE.EJGN N EG/
+R *+ +# Q! + ' --E 5 > "
%g , % P
-1 g1 1o + + , E..IH/
WAA AE. E.EK"= --. E..IH/
+ -.J , % 6 % +
+ % ? @! I A + "G+ EKILEJG
WAA AE. E.IA.--13.3.-H/HHKI
+ + @ +R +4 + + + +* 3+ QB +* - EJ
, % 6
6 6 ) + U /[ +] +
G + IKHLII. WAA AE. E.HME.F.I".EI"E- IJ'E
,8 + % $!
"9 .0 " " 'l "9 " B! +
%9 " ! $ NDA---A5BAD/
WA/\ N % N N N N % A>
A>S A -GN N hh---h " "
+?2+' +2+ +,+7?2& +R+ * +R+B +0+7? +!+4 +5+
@ +2+4 +?2+@ +*+ 8 +4+7? +52 R+ +,Q +! -.El
, 6 % 6 6 6
? @! I A + J G+ GJHL/.1
WAA AE. E.IA--113J -.El EFGJ/K-
, + * -E- 5 6 ) + r
/| +1 + K+ E/HELE/N/ WAA ~E. E.HM"E.F.I".E-" JJ/K"-
2 +,0 +4 R!'* EJ , % "% 6 "
% " % B! ! +JF/+ -GHL
-IG WAA AE. E.EK"..E."HI-/ JJ ...-F"K
# % +!11 *Q + 5i -. I 5 8 % 6
% " /e <9 11I"9 + IF -+ -..L-.1
WAA AE. E.EK"= -.1./ .EK
B =+7?7+ + +4 +14+" + 0+"' +1+9% 2+ +% * + +
R% +*#+ % +@+ ? +2+ D % +4 Q5 +, -EG 5
3 6 GW 5 E,
6 2 ,+
% 6 ? @ 0 +
G + I-/LIGH WAN "E. EEEE"= EH/G"KE.J - .E- .-JI- 6
P2+ BQR + --E > C
6 8 | /1% +! A+ * +D +
EK/LEHI WAA AE. E.EK"= % -.-E . J .EG
5=+ +) + Q% # % +!! * .- 5 6 W
, 6 % ) + !
[ +1 +J |+ GIHELGIIK WAA AE. E.HMEFI".--" ~GFH"
+*+ + +27 +*+1 + + ! +,+@ +0+@ +?2+, +*Q
+ ? -.H ' % 8 6 6
6 ? @! I A + [+ GFJLGKJ

wan e AEELA.--13.H.EFHIKFG

GH



) +  -F 6 % "%

[ +1 BI" + <91 9 + DDE+ EGL-/
WA E. E.EH" EGF-/KFL./..EHG.
) +! -EH 5 6 WB % 6 6
6 6 B . Al +F-+ J.LJH
WA AE. E.HM EEJG.".EH".E.I"G
) +l+* + +* +1 Q4 +#, --E ) 6
6 [+ A ? 9 + +
, E.GJEF WhA "E.E.EK*= --E E.GJEF
) +I1+ + +'" +R ,+, + Q* +! -EK 0% 6
W 6 6 6
= % 6 g ) + ! /[ +! +J | +EJFHL
EJHE WA AE. E..H" E.F.I".EK".HH/"H
) +I1+ + +' +R, Q* + I -EK
6 6 N6 % ' ) + I
/[ +! +J -+ G.GLGE/ WA "E.E.H"E.F.I".EF".F /H"I
) +1+ + +' +R, Q* + I -EK $ "
WO 6 6 + 6 + 6
6 % ? @ 0 +D G + GKEL
GHG WA "E.E.EK*==6 -.EFE-.-H
) +I1+ + +' +R,Q* + I -EH 6 6 6
6 W, "
@! I G 0 ? 9 + D-+ JFLE.J
WA E. E.I.N.J-K-Gs -.EF EEEFHJ-
) +I1+ +#+ + Q* +! -BEJ 5 6 6
6 ) + r [ + + G+ |IELNJ
WA AE. E.H" E.F.I".EI"EG-G"G
@d " + + +1 + +, 5+7? + +,% + Q' +, -El
, 6 ? @
0 +J EE + EFGHLEF/K WA "E.E.EK*==6 -.EI .J.EG
@ +tR@+@ +# *+ +2+*9 +, D+4 3+ Q@ +* -E.
% 6 '
? @! I 0 + | K+ -EGJL-E/I
WA "E. EEEE"= EH/G"KE.J -.E. .EH/- 6
@ +2 + +R +7? + ,+ 3 + 1 *+ # + Q +B --- #
% % % W
% " 8 ! 1'% +!1 A+ * + o+,
E./IGF WA AE. E.EK"= % -.-- E. /IGF
@ "D + +? +5+°? + +@ +4+ 2 +, Q +B -E/ ,
W % 6 ? @ U
0 + +-H-.L-HGH Whn "E. EEEE"= E-KFG
@ +,Q2= +'-E. 4 % W5 " %
> 211 + K+ HKHLHI- WA AE. E.GH" ..-.-/-
@ -.K 7& " Alr ! !
! ;D @ 9 +
W/\I\ N N N > 6
@ -.EF " *
WA A N AE.KKFEHFFFK” JHIJ-/EFK/JI/h gA
E
@2D"B 9 9 4 , -EE 1 (" o21:
A 1# 1 ! 2 " / " "
% 2 2 wan 3"

A N h Moh h'

Gl



+H+* +* *+#% +4 1+4 +4 Q 3+ | -EG ,

" I +
J -+ E/GLE/J WAA "E. EEHH"EJ/EHGIEE-/KJ JG.
+ B+4 +#,Q*?+! -EE R 6
6 8 @! I' >0
9 II"9 B + DDE-+ E-G/LE-/. WAA AE. E.EK" EH.E"
-EKG EK GFE.I"|
+*+ +#, Q4 + 2 -.H R %"8 % 6
6 0 ! 2 +? 9l9ollmorn
E/GLEKF O $ %
3+0 --/ 2 ? 3 05 3 QD D 2 + ,
20 11 - (#
3+0+ ? + +#+!12+* +R+ * +$+@ +$2Q°? +2 -.G
8 8 % % 6 "
B! ! +| E+-FLG- WAA “E. E.EK" ..E."HI-/ .-. JGK"F
+* + +B + %+ + %+ B +# + +B +@ Q +1 # -E.
P 6 ? @ I' 0 +HE -+
FKELFIF WAA "E. EEEE"=EH/G"KE.J-..J. EK-J6
+4+, +R+#* +1+"' +# * 4+ +IR+B +! +B +R !+ '+ +
2 +, R QR + -,
% W, G" /0B
$ P. + E+, /l WAA AE. EEIKN E-J.F".-- ".EK-G"-
e+0+'u e+tB+$ +2+9% +,+, e+, + +4 Q' o e+B
--/ 5 % " %
% W , B <91 11 119 + + E.KJF/
WAA AE. E.EK"= -.-G E.KJF/
+ + +,+ B + + 4 + #+ # O+ + 3+4 % +
! +* Q2 +,# -EK R % 6
" "+ 3+ " ? @! I'
B 21 11"9 0 %! + EE + [.IKL/.FG
WAA "E. E-E = - EK"-.G-
+ + +,+ B + + 4 + #+ # + + 3+4 % +
! +* Q2 +,# -EH ,> " %
C " W, "+ 3+ "
- 9 9 + | F+ E-GILE-/F
WAA AE. E.EK"= -.EH .- E-.
+,+ 2 + + + + +5 4 Q * +, --G
6 W, % " ) + 0 [/ +! +

J -+/JHLFJK W™  "E.E.H"E.F.I"EJ"E FIH'G

GJ



45 "

4 % & $

o] EW ! +2 +1Q* +, 1 # -—- %"
w %
% -1 8 ! + ] \ HJII-G
wMm  AE.GGIIN - --E HIN-G

o] -W ! +2 +1Q* +,!'# --/[ 0 6
6 W0 6
- [/ +! 81 + o+ EGIK..K
WAA NE.GGIIN -/ EGIK..K

4 6 5 "
o * +, 1 #+ ! Q2 +! --. * % + %
W, B" <! 9 E + T7H +
+, E.JJ.- WA "E.E.EK?= --.E.JJ.-
(0] +1+2 +,+ ! + +B+2 +1Q* +, ! # --.
n W *
+ % 8 + 11 % +! + o+,
E./IEE WA AE. E.EK"= -.-. E./JIEE
o * +, ! #+ +#+ 4 + +2 + 4+ + 1+ | Q
2 + 1 - I % W 0
8 B! +
<9! 11 11"9 +Dt | E..K WA AE. E.EK"= --.E..K
o * +, ! #+ ! +,6 + +2 +?2 Q2 +! --. R % "EJ c
% W <=>>82 +J |+
, -GKKII WAA "E. EGHE"= .-GKKIlI
o '( +#+ ! +2 +?+#6 +,Q2 +! -- 6
% W, 6 <! 9 E +
7H +F +, EEEHF- whn "E.E.EK*=  -.-- EEEHF-



7%

7 5

+2
%
+J

+1Q* 4, 1 # -

HJII-G WA

%

"E. GGII?

%
-.-E HIII-G

IE



'.\' frontiers
in Neuroscience

ORIGINAL RESEARCH
published: 04 January 2022
doi: 10.3389/fnins.2021.798823

OPEN ACCESS

Edited by:
Birgit Derntl,
University of Tubingen, Germany

Reviewed by:
Ramune Griksiene,
Vilnius University, Lithuania
Silvia Solis-Ortiz,
University of Guanajuato, Mexico

*Correspondence:
Norina M. Schmidt
Norina.M.Schmidt@psychol.uni-
giessen.de

Specialty section:
This article was submitted to
Neuroendocrine Science,
a section of the journal
Frontiers in Neuroscience

Received: 20 October 2021
Accepted: 09 December 2021
Published: 04 January 2022

Citation:

Schmidt NM, Hennig J and

Munk AJL (2022) Event-Related
Potentials in Women on the Pill:
Neural Correlates of Positive
and Erotic Stimulus Processing in Oral
Contraceptive Users.

Front. Neurosci. 15:798823.

doi: 10.3389/fnins.2021.798823

Check for
updates

Event-Related Potentials in Women
on the Pill: Neural Correlates of
Positive and Erotic Stimulus
Processing in Oral Contraceptive
Users

Norina M. Schmidt *, Juergen Hennig and Aisha J. L. Munk

Department of Differential and Biological Psychology, University of Giessen, Giessen, Germany

Background/Aims:  Exposure toward positive emotional cues with — and without —
reproductive signi cance plays a crucial role in daily life and regarding well-being as well
as mental health. While possible adverse effects of oral contraceptive (OC) use on female
mental and sexual health are widely discussed, neural processing of positive emotional
stimuli has not been systematically investigated in association with OC use. Considering
reported effects on mood, well-being and sexual function, and proposed associations
with depression, it was hypothesized that OC users showed reduced neural reactivity
toward positive and erotic emotional stimuli during early as well as later stages of
emotional processing and also rated these stimuli as less pleasant and less arousing
compared to naturally cycling (NC) women.

Method: Sixty-two female subjects (29 NC and 33 OC) were assessed at three time
points across the natural menstrual cycle and corresponding time points of the OC
regimen. Early (early posterior negativity, EPN) and late (late positive potential, LPP)
event-related potentials in reaction to positive, erotic and neutral stimuli were collected
during an Emotional Picture Stroop Paradigm (EPSP). At each appointment, subjects
provided saliva samples for analysis of gonadal steroid concentration. Valence and
arousal ratings were collected at the last appointment.

Results: Oral contraceptive users had signi cantly lower endogenous estradiol and

progesterone concentrations compared to NC women. No signi cant group differences

in either subjective stimulus evaluations or neural reactivity toward positive and
erotic emotional stimuli were observed. For the OC group, LPP amplitudes in
reaction to erotic vs. neutral pictures differed signi cantly between measurement times
across the OC regimen.

Discussion: In this study, no evidence regarding alterations of neural reactivity
toward positive and erotic stimuli in OC users compared to NC was found. Possible
confounding factors and lines for future research are elaborated and discussed.

Keywords: oral contraceptives (OCs), event-related potentials (ERP), neural reactivity, emotional processing,
early posterior negativity (EPN), late positive potential (LPP), gonadal steroids, subjective stimulus evaluations
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Schmidt et al. Neural Correlates of OC Use

INTRODUCTION mood e ects Gchar et al.,, 2019. Using functional magnetic
resonance imaging (fMRIRetersen and Cahill (201%¢ported
The majority of previous research regarding e ects of oraleduced bilateral amygdala reactivity toward negative visual
contraception (OC) has been focusing on its physiologicatimuli in OC usersGingnell et al. (2013additionally collected
aspects Krye, 200p and side e ects like cancer riskG(erisch daily symptom ratings and observed lower emotional reactivity
et al., 201} or thromboembolic eventsedingen et al., 20)8 toward negative facial expressions in OC users in the left insula,
Psychophysiological aspects of OC use have been studied lefsmiddle frontal gyrus and the bilateral inferior frontal gyri
systematically Kletzer and Kerschbaum, 20140Cs might, along adverse mood e ects such as depressed mood, mood
however, be shaping mind and behavior via their in uenceswings and fatigue after one cycle of OC treatment in a placebo
on the endocrine as well as the central nervous system. &mtrolled, double-blind randomized controlled trial (RCT)
called combined OCs (COCs) are the most commonly usdingnell et al., 2013 While the authors studied women who
ones and contain 20-38&yg ethinyl-estradiol (EE) and varying had previously experienced negative mood symptoms during OC
progestin components{hont, 201Q Liang et al., 2012 These intake Gingnell et al., 2003 results on general mood e ects
synthetic steroids unfold negative feedback e ects on thef OC use are still inconclusiveS¢har et al., 201§. Some
hypothalamus-pituitary-gonadal (HPG-) axis. During intake thetudies report mood worsening — especially during the hormone-
consequently reduce serum levels and cyclical uctuations oke phase L(undin et al., 201} Others indicate bene cial
neurosteroid precursors (i.e., progesterone, pregnenolone, Ekcts including mood improvement, higher mood stability
and testosterone) as well as neurosteroids (i.e., allopregnanolamel a decrease in negative premenstrual a égtnpnen and
and allotetrahydrodeoxycorticosteroneRgpkin et al., 2006 Mazmanian, 2002Jarva and Oinonen, 200 Hamstra et al.,
Zimmerman et al., 2004 Levels of endogenous gonadal steroid8017. In contrast, positive emotional states and processing of
also stay suppressed during the 7 days OC break, evawsitive stimuli under OC use are examined only very rarely.
though some residual ovarian activity can occuaif Heusden These factors are, however, highly relevant for well-being and
and Fauser, 1999 Neurosteroids impact activity as well asmental health Alexander et al., 2031 Regarding depression,
organization of the nervous system due to their in uence omumerous studies reported a reduction of positive a €6e(¢coz,
synaptic transmission, myelination, apoptosis, and dendriti200Z Wichers et al., 20QHorner et al., 201¥and stressed the
spine plasticity via genomic and non-genomic pathways|(Rio importance of targeting low positive a ect speci cally in anti-
et al., 201 Accordingly, neuroanatomical alterations regardinglepressive treatments\(tt et al., 2007 Werner-Seidler et al.,
gray and white matter density and/or volume have been reporteid13 Jonge et al., 20).7Depressive subjects also show reduced
in OC users — typically in areas of the limbic systefngnnick neural reactivity toward positive emotional stimuli which might
et al.,, 2020 Taylor et al., 2021 which is known for its key explain the occurrence of depressive symptoms, such as loss
role in emotional processingF(ihholz et al.,, 2004 Using of interest and anhedoniaShestyuk et al., 20P&pstein et al.,
structural magnetic resonance imaging (MRI) détgertel et al. 2006. In one of the few studies on this topic regarding OC
(2017)observed lower hippocampal volume and hypothalamiaise,Jarva and Oinonen (2009bserved blunted self-reported
pituitary-adrenal (HPA-) axis alterations (i.e., elevated baselimenotional reactivity following positive mood inductions while
cortisol levels) consistent with chronic stress in OC usersmotional reactivity following negative mood inductions was
Lisofsky et al. (2016neported reduced gray matter volume inunchanged. The authors argued that OC's mood stabilizing
OC users' left amygdala and anterior parahippocampal gyrusect, accompanied by reduced positive emotional reactivity,
In contrast,Sharma et al. (2020lgported greater white matter might resemble depressive states reported by some users. Further
volume in OC users' right amygdala, left parahippocampaésearchinthis eldis highly necessary, especially since perceived
gyrus and left hippocampus while not observing any gragdverse inuences of OCs on mental health are a common
matter di erences in these regions. Regarding brain connectivityggason for discontinuation of their usesénders et al., 20D1
Petersen et al. (2014, 20t8ported reduced cortical thickness inThe same is true for deteriorations ifemale sexual function
parts of the default and salience network in OC users and alter€danders et al., 20pWhich refers to the entirety of psychological
resting state functional connectivity in the default and executive@nd physiological aspects of the female sexual resp@zsesgn,
control network, which are involved in reward processing an@009. Some authors argue that OCs should have positive e ects
evaluation of internal and external stimuli. Correspondinglyon female sexuality as their conception-suppressing e ect ensures
di erences between OC users and naturally cycling (NC) womegreater sexual freedom and reduces pregnancy-related anxieties
have been reported in a variety of psychophysiological functiordyring sexual intercourseBrrows et al., 2092 Others have
including stress responsivity, fear conditioning, cognition andeported lower female sexual function scores in users of oral vs.
socio-emotional behaviors such as emotional proces$irey(en  other forms of contraception\{/allwiener et al., 2010, 20),%or
et al., 2014Montoya and Bos, 201 Zewis et al., 2099 reduced scores in its subdomains including arousal, pleasure,
Due to previously reported associations of OC use ammtgasm and lubrication §mith et al., 2014 Results are so far
depression $kovlund et al., 203 %Vit et al., 202) as well as a inconclusive and dier greatly with respect to study design
reduction of general well-being and its subdomains positive wel([Pavis and Castafo, 200Rastor et al., 20)3Still, RCTs and
being, self-control and vitality4ethraeus et al., 20),imost of the meta-analytic reviews suggest that the female sexual function
existing neuropsychological OC research has been investigatsujpdomaindesiremight be a ected by OC useZgthraeus et al.,
processing of negative stimulB(znnick et al., 2020 or adverse 2016 Huang et al., 2020 Altered processing of erotic stimuli
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has been reported in females su ering from hyposexual desicempared to the LPP/{einberg and Hajcak, 201Barkas et al.,
disorder @ianchi-Demicheli et al., 201 Woodard et al., 203 2020. To the best of our knowledge, no study so far assessed
Regarding OC usébler et al. (2013tompared di erent stages the EPN in association with MC or OC e ects. However, gender
of erotic stimulus processing in 12 OC users and 12 NC womedi. erences have been observed with reduced EPN modulation in
They reported reduced brain activity during anticipation ofwomen vs. men\(einberg and Hajcak, 20),0indicating some
erotic stimuli. During viewing of erotic pictures and videos, nanvolvement of sex steroids. Furthermoriearkas et al. (2020)
consistent signi cant di erences were observed between bottbserved greater EPN negativity in reaction to erotic and nudist
groups. OC and NC subjects did also not di er in arousal ratingscenes compared to other pleasant and unpleasant visual stimuli
of erotic stimuli. While this is — to be best of our knowledge — th@nd interpreted this as a marker of heightened attention for sexual
only study that explicitly compared erotic stimulus processing inpportunities — a process that might be modulated by OC use.
NC and OC women, erotic stimulus processing has more often To di erentiate between earlier vs. later stages of emotional
been examined in association with the natural menstrual cygeocessing might be relevant in association with OC use, as
(MC) using fMRI (Gizewski et al., 20Q0&hu et al., 201Paswellas a recent ERP study provided initial evidence for di erential
event-related potential (ERP) techniqué&si{g et al., 200Munk e ects of OC use at di erent processing stagééo(iciunskaite
etal., 2018, 2020 et al.,, 201 In this only ERP study on the e ects of OCs
The use of ERPs has important advantages because their higldate, the authors used a passive viewing task to examine
temporal resolution allows to assess immediate vs. prolongpmbcessing of (highly) unpleasant and pleasant (i.e., erotic) as
neural reactions associated with attending to and processingwéll as neutral social visual stimuli derived from the International
motivationally salient stimuli Brown et al., 2013 Compared A ective Picture System (IAPS)Vonciunskaite et al. (2019)
to commonly conducted (f)MRI investigations, ERP studies algeported signi cantly lower LPP amplitudes and global eld
have fewer exclusion criteria (e.g., dental braces, retainers, bgosver (GFP) in OC users compared to NC subjects in reaction
plates and screws, implants)i¢Loughlin et al., 20I¢dallowing to all picture categories. When comparing emotional-neutral
greater and more integrative samples. In neuroendocrirgi erence scores in the LPP, however, the only signi cant nding
research, which is already characterized by numerous exclusisas an attenuated unpleasant-neutral di erence in OC users.
criteria (i.e., absence of any physical or psychological illness, Rorthermore, OC users showed higher GFP (trend level) and
medication intake, regular menstrual cycles), this is a huge beneigni cantly higher parieto-occipital activity compared to NC
regarding representativeness and generalizability of results. Mag&imen in an earlier time window<(350 ms), pointing toward
ERP studies regarding MC e ects focused on the late positigdéerential e ects of OC use on early vs. later stages of emotional
potential (LPP) —an EPR component most prominent on centrggrocessing flonciunskaite et al., 20)9An e ect of emotion
parietal electrode sites. It starts around 400 ms after stimulvsgulation strategies such as reappraisal on neural reactivity was
onset and can last for several hundred ms. The LPP is sensitdiscussed, yet, no subjective stimulus evaluations were assessed
to emotional content with typically higher amplitudes towardto support this hypothesis\(onciunskaite et al., 20)9Previous
emotional vs. neutral stimuliSchupp et al., 2004, 2008ajcak results on subjective stimulus evaluations in OC users have
and Olvet, 2008 It is therefore suggested to re ect prolongedrevealed inconsistent results. Whereas some studies reported
and facilitated attention toward motivationally salient emotionaho di erences regarding positive, neutral, negativer(bruster
stimuli and their processingHpti et al.,, 2009Hajcak et al., etal., 201ynor erotic (Abler et al., 20183stimuli, others reported
201). Regarding the MCKrug et al. (2000)observed higher higher valence ratings in reaction to emotional- and lower arousal
LPP amplitudes toward erotic pictures around ovulation wheratings in reaction to neutral stimuli in users of di erent forms of
these stimuli are highly relevant for fertility and reproductionhormonal contraceptives (HCsypalek et al., 20).9
Similarly,Munk et al. (2018, 202Ggported that LPP amplitudes  Another important limitation of Monciunskaite et al's
toward erotic vs. neutral stimuli were associated with estradi¢?019 — and also other studies on OC use — is that OC users
concentration which typically peaks during ovulation. As OCsvere assessed only once, namely during the active period of
suppress ovulation and inhibit conception, they might alsthe OC regimen. Yet, most adverse e ects of OC use are being
reduce motivational salience of erotic stimuli. Furthermore, theeported during the 7 days brealS(lak, 2000Kelly et al.,
LPP has been associated with activity of the dopaminergic rewat@1(). Studies that included measurements during the OC free
system Cuthbert et al., 2000Munk et al., 2015 Activity of week reported di erences in brain connectivity and emotional
this system is modulated by estradiol and testosterone, both mfocessing between active and OC free periddssseri et al.
which are downregulated by OC intak&#pkin et al., 2006 (2020)noticed higher amygdala-ventromedial prefrontal cortex
Zimmerman et al., 20%4Montoya and Bos, 20)7 Recently, (vmPFC) coupling in the left hemisphere after stress exposure
another ERP component has been suggested to be especidliyng the active vs. OC free period and interpreted this in terms
sensitive to erotic content— the early posterior negativity (EPN)f better emotion regulation abilities during OC intake. Similarly,
(Frank and Sabatinelli, 201@arkas et al., 2030The EPN is Radke and Derntl (201Ggported higher accuracy in an a ective
de ned as a relative negativity at temporo-occipital electrodeesponsiveness task during the active vs. OC free period of the
sites that is also sensitive to emotional content but occuregimen. AsHerrera et al. (202Qpoint out, consideration of OC
earlier than the LPP at approximately 150-300 ms after stimulusgimen is also important to disentangle e ects associated with
onset Gchupp et al.,, 2004, 2Q0Blajcak et al., 2002 It is either high exogenous hormone intake or reduced endogenous
therefore associated with earlier and broader stimulus distinctidrormone production.
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Therefore, the current study examined early vs. prolonggarogestin components was classi ed according/teegratz and
stages of positive and erotic stimulus processing in OC userkaler (2011)One subjectin the OC group was excluded from all
across dierent time points of the OC regimen. A within- further analyses as she reported — after completion of the study —
subjects repeated-measurements design was chosen in ofthat she was using an OC (“Zoely”) which contains estradiol
to overcome limitations of frequently used between-subjecisstead of EE and is taken in a 24/4 regimen. An overview
designs, in which groups of women in di erent phases of thef EE-dosages and progestin components can be found in the
OC regimen/MC have been compared. The most important aifBupplementary Material
was to elucidate overall di erences between OC using and NC Subjects participated in exchange for a monetary
women as well as OC regimen — rather than MC related — e ectsompensation of 10€/h or research participation credit. Written
on emotional processing. informed consent was obtained. The study was conducted in

Regarding subjective stimulus evaluations as well as neuaatordance with the declaration of Helsinki and was approved
reactivity toward emotional stimuli, following hypotheses werby the local ethics committee of the University of Giessen,
investigated: Department of Psychology (application number: 2018-0022).

(1) Higher valence and arousal ratings as well as EPStydy Design

modulation and LPP amplitudes in reaction to emotionalrhis study was conducted as a counter-balanced repeated-
vs. neutral stimuli (Manipulation Check). measurements design. Each woman attended three testing
(2) Lower valence and arousal ratings as well as ERfgssions across one or two consecutive MCs or OC regimen.
modulation and LPP amplitudes in OC users. ~ Females in the OC group were tested on days 7-9 (me&D:
(3) A modulation of ERPs by OC regimen period7 g7 0.82) and days 14-16 (mean SD: 15.03 0.79) of
(active vs. OC free). their OC blister (measurement times AP1 and AP2, respectively)
as well as during their OC free week (measurement time IP),
i.e., days 24-26 after starting a new OC blister (measD:

MATERIALS AND METHODS 24.91  0.70). Measurements during the OC free week
o corresponded to the rst 2 days of the withdrawal bleeding to
Participants ensure that women were in a hormone-withdrawal state. Testing

Women were recruited at the University of Giessen via circulatates of the NC group were adapted to the women's average
emails and yers and screened for ful llment of inclusionMC length. Measurements during follicular phase (FO) were
criteria using a telephone-based interview, which was conductednducted on days 7-9 (meanSD: 7.78 0.63). Measurements
after subjects were found eligible using a self-designed onlidaring luteal phase (LU) were terminated according to the
screening questionnaire. Inclusion criteria were: age betwefatlowing formula: average MC length — 2/3 days. Consequently,
18 and 35 years, nulliparous, absence of any physical tbey were conducted on days 23-28 (mea®D: 25.57 1.25).
psychological illness, no intake of medication or drugs (inckFor a correct termination of measurements during ovulation
tobacco) in uencing the central nervous- or endocrine systen{OV), NC women were provided with LH-tests (Femometer LH
right-handedness, body-mass index (BMI) 18 26 kg/n? Ovulation Rapid Test Strip; sensitivity 25 miu/ml; Hangzhou
and normal or corrected-to-normal vision. Parous womerClongene Biotech Co., Ltd.; Hong Kong) that they were supposed
were excluded as several studies indicate endocrine di erendesuse for seven consecutive days around their predicted
between nulliparous and parous women (eBgernstein et al., ovulation. After announcing a positive LH-test result, subjects
1985 Hill et al., 1986 Musey et al., 19§ Barrett et al., 2004 were assessed within 24 h (mean SD: 8.79 7.03). OV
Left-handed subjects were excluded to avoid lateralization e eateeasurements were conducted between days 10-20 (m&in
(Sainburg, 2014 87 native German-speaking females startet4.90 2.44). To avoid sequence e ects, phase of rst
participation in the study. Testing could not be completed withmeasurement was counter-balanced. 11/16 women started during
21 women N = 15: contact restrictions during the coronavirusFO/AP1, 7/14 subjects during OV/AP2 and 12/5 subjects during
pandemic;N = 3: no detectable ovulatioyl = 3: diculties LU/IP. It was aimed to schedule all three testing appointments
with scheduling), leaving a sample of 66 (30 NC and 36 OG} approximately the same time of the day (morning, noon, and
women. NC women reported a regular MC duration of 26-afternoon) to account for the circadian rhythmicity in gonadal
30 days (mean SD: 27.97 1.22). 22 (73%) stated to havesteroid secretion. To ensure similar between-session intervals
previously used hormonal contraceptives. While a hormonder the NC and OC group, OC users were tested twice during
free interval of at least 6 months was required for participatiortheir active OC period with the second time point corresponding
mean time since discontinuation was 49.14 montBB€ 30.99, to ovulation in NC women. Testing dates for both groups are
range: 7-177 months). The OC group consisted of women usiiitystrated inFigure 1

combined monophasic OCs with an EE-dosagg0 ng for at

least 6 months. An OC regimen of 21/7 (21 days OCs aridmotional Picture Stroop Paradigm

7 days OC free) was required for participation. Mean duratiomo assess neural reactivity toward emotional stimuli,
of OC intake was 58.18 monthSD = 31.12). 25 subjects usedan Emotional Picture Stroop Paradigm (EPSP) was
OCs that contained androgenic progestins; eleven subjects usedducted. EPSPs were previously successfully used as
OCs containing anti-androgenic progestins. Androgenicity oin implicit measurement tool regarding sexual interest
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@ Naturally Cycling
[ Follicular Phase (FO)
[l Ovulation Phase (OV)
[l Luteal Phase (LU)

O Oral Contraceptives
O Active Pill 1 (AP1)
[ Active Pill 2 (AP2)
[ Inactive Pill (IP)

FIGURE 1 | Testing dates for naturally cycling and oral contraceptive using women.

(Ciardha and Gormley, 2009 Munk et al, 2021 The possible on a response pad (MilliK&y MH-5; Lab Hackers
combination of EPSPs and ERP collection is, moreovegesearch Equipment, Halifax, Canada). Picture presentation
advantageous in assessing selective attention and has proveaged until subjects executed a response. An inter-trial interval
a valid instrument in emotion researciTijomas et al., 2007 (white xation cross) with a random duration of 1,000-1,500 ms
Bertsch et al., 20Q0%ranken et al., 2009 Based on previous (mean 1,250) was presented between tri#ligyre 2). Each
researchlflunk et al., 202)) three main categories were includedpicture was presented twice in each frame color resulting in 64
erotic stimuli included couples in underwear and erotic posesials per subcategory and a total of 448 trials divided into four
(couple erotic) as well as lightly dressed males (male erotisibcks of 112 trials each. Order of trials was randomized. Between
and females (female erotic). Positive stimuli included singlsiocks, a 30 s break was included. To familiarize participants with
smiling individuals of both sexes; neutral stimuli consisted afolor-button arrangements and thereby reducing eye-movements
couples (couple neutral) and single individuals (person neutraduring the task, subjects were run on 40 practice trials with
in neutral poses and with neutral facial expressions, and trees aspfored squares before block one and on an additional 12 practice
non-social neutral stimulus category. In order to validate picturgials before block two to four, respectively. Stimulus presentation
selection regarding valence and arousal, an online pilot-studyid response recording were controlled by Presentation Software
in n = 134 women (mean age SD: 25.57 8.99) had been 21.1 (Neurobehavioral Systems Inc., Albany, CA, United States)
conducted before. Women rated 84 preselected pictures (12 pgh on a Pentium (Intel Corp., Santa Clara, CA, United States)-
subcategory) on valence and arousal. Pictures were retrieyggbed personal computer. Depending on the subjects' speed,
from www.shutterstock.com and consecutively gray-scaleghe EPSP took approximately 20 min (including breaks and
Eight pictures per subcategory were chosen for the main stuglyactice trials).
based on the following criteria: High valence as well as arousal
ratings for each of the erotic subcategories, high valence and . .
medium arousal ratings for the positive category and mediufsVENt-Related Potentials Recording and
valence along low arousal ratings for the neutral categoriduanti cation
Higher arousal ratings were obtained for the erotic vs. positivEhroughout the EPSP, EEG was continuously recorded from
and both emotional vs. the neutral category. Valence ratinggl active (Ag/AgCl) electrodes mounted in an elastic cap
were higher for the positive vs. erotic and both emotional vs. tHactiCap snap, Easycap GmbH, Herrsching, Germany). Electrode
neutral category. sites were re-referenced online to FCz. Scalp impedances were
During the EPSP, gray-scaled pictures were presented irkegpt below 20 k. Signals were recorded using Brain Vision
size of 640 pixels 480 pixels on a black background. SubjectRecording Software (Version 1.22.0101) and a BrainAmp DC
were seated in a comfortable chair in a dimly lit room at @mpli er (both Brain Products GmbH, Gilching, Germany) with
60 cm distance to the screen of%4rhey were instructed to a sampling rate of 500 Hz and a band-pass lter between
indicate the picture's frame color (blue, green, red, and yellow®)1 and 80 Hz. Brain Vision Analyzer software 2.2.0 (Brain
by pressing the respective button as fast and as accuratelyPasducts GmbH, Gilching, Germany) was used for oine
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FIGURE 2 | Emotional Picture Stroop Paradigm (EPSP).

TABLE 1 | Participant characteristics of naturally cycling (NC) women and oral contraceptive (OC) users.

Entire sample NC ocC Test-statistics
Age (mean SD) 23.24 283 23.72 2.56 22.82 3.03 t.eos =1.26, p=0.212
BMI (mean SD) 21.26 1.87 2137 221 2117 155 t 6o/ =0.42, p = 0.676
Age at menarche (mean SD) 12.98 1.75 12.62 1.24 13.30 2.07 t.gos = 1.55, p=0.127
Relationship status (% in a relationship) 75.80 72.40 78.80 $2 1, =0.34, p = 0.559

processing. Raw EEG data was ltered with a 0.5 Hz (12 dB/aogtinding. For the remaining subjects, an average of 59.75
per order) high-pass Butterworth IIR. Data was then visuallgSD = 3.25) trials per stimulus subcategory were included in
inspected for non-ocular artifacts, and these were subsequertthg analysis. Symmetrical clusters were chosen for analysis
excluded. Blink- and eye- movement artifacts were removed both ERP components. In accordance with its typical
using an Independent Component Analysis (ICA-) algorithntemporo-occipital topography, mean amplitudes of electrodes
as implemented in Brain Vision Analyzer. Afterward, dat&?O7, PO8, O1, and O2 in the time window between 150 and
was Itered using a 30 Hz (12 dB/oct per order) low-pas®250 ms were extracted to quantify the EPN component. For
Butterworth 1IR and a 50 Hz Notch lter, re-referenced to ananalyses of the LPP, mean amplitudes in the temporal window
average reference and segmented (stimulus lock@00 ms to between 400 and 800 ms were extracted at centro-parietal
1,000 ms). For each stimulus category, grand average wavefoatestrodes CP1, CP2, P1, and P2. For both ERP components,
were computed and baseline-corrected using the pre-stimulokoice of time window and electrodes was based on visual
interval ( 200 ms to 0 ms). Three subjects (2 OC and 1 NOpspection of grand average waveforms, signi cant electrode
had to be excluded from further analyses due to extensiuger-correlations and results of previous researehrkas et al.,
EEG artifacts caused by movements, muscle tension or te€b2Q Schindler et al., 2030
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TABLE 2| Mean (M), standard deviaFion (SD) and range of estradiol.concentration Subjective StimU|US Eva|uati0ns
in pg/ml across follicular (FO), ovulation (OV) and luteal phase (LU) in naturally During their last appointment subjects rated valence and arousal
cycling (NC) women and across active OC pill phase one (AP1), active OC pill : ! . i

phase two (AP2), and the inactive OC pill phase (IP) in oral contraceptive (OC) of the EPSP pictures on a 9'p0|m rating scale (arousal: 1 calm
users. and relaxed, 9 very aroused; valence: 1 very unpleasant, and 9

very pleasant) using Self-Assessment Manikins (SABix(ley

NC and Lang, 1994 Subjects were simultaneously presented with a
FO ov LU Mean printed version of all pictures belonging to the same subcategory
M 4.15 5.06 4.84 4.68 (erotic: couple, male, female; neutral: couple, person, tree;
SD 0.94 1.28 1.37 0.91 positive). Presentation order of categories was randomized in
Range 2.94-6.53 2.69-7.96 2.70-9.15 2.86-7.25 order to avoid sequence e ects. Stimulus evaluations were
oc collected after the last EEG-recording to reduce the in uence of
conscious stimulus evaluations on neural processing.
AP1 AP2 IP Mean
M 3.98 3.99 a7 415 Statistical Analyses
sb 1.08 1.40 1.62 115 Mean concentration of ovarian steroids was compared between
Range 2.38-6.05 2.15-7.91 2.54-11.41 2.37-6.72

groups using independent sampldests for (a) estradiol and

(b) progesterone concentration, respectively. Di erences between
TABLE 3 | Mean (M), standard deviation (SD) and range of progesterone MC/OC phases were analyzed using rmANOVAs separately for
concentration in pg/ml across follicular (FO), ovulation (OV) and luteal phase (LU) i“each group. For analysis of the Subjective stimulus evaluations

naturally cycling (NC) women and across active OC pill phase one (AP1), active . .
OC pill phase two (AP2) and the inactive OC pill phase (IP) in oral contraceptive arousal and valence ratlngs were entered into two separate

(OC) users. rmANOVAs with the within-subjects factor stimulus category
(three steps) and the between-subjects factor group (two steps).
NC Since OC/MC phase of stimulus evaluation was not balanced, this
Fo ov LU Mean was also added as a between-subjects factor.
M 43.92 68.82 106.79 72.94 To compare EPN and LPP amplitudes between groups, ERP
sb 2576 101.92 5516 4531 amplitudes were averaged across measurement times. They were

Range 2208-11921 1221-57860 38.60-23008 28.64-27848  nen entered into two rmANOVAs with the within-subjects
factors electrode (four steps) and stimulus category (three steps)

oc and the between-subjects factor group (two steps). To assess OC-
APL AP2 P Mean regimen related e ects, ERP amplitudes were then compared

M 35.99 35.74 41.29 37.67 between measurement times across the OC regimen using

sb 12.70 18.62 3761 17.96 rmANOVAs with the within-subjects factors electrode (four

Range 10.03-7533  18.75-102.55 14.49-19026 19.31-10437  St€PS), measurement time (three steps) and stimulus category
(three steps). Statistical analyses were conducted using IBM SPSS
Statistics version 27 (IBM Corp., Somers, NY, United States) with

: an a-level set to 0.05. For all rmANOVAs Greenhouse—Geisser
Er?o?og)rlliéngz)?zﬁg saliva samples for analysis garrection was used in case of violated sphericity assumption.

progesterone (P), bfestradiol (E2) and testosterone (T) weremon(fgrr? g ;%c;rlryescetlson was applied to control for multiple testing
collected using Salicaps (IBL, Hamburg, Germany). These Weré) '

stored in a freezer at 20 C before being analyzed using enzyme-

linked-immunosorbent assay (ELISA-) kits (IBL Hamburg
Germany) in a fully automated manner (BEP2000, SiemeﬁgESULTS
Healthineers, Eschborn, Germany). Only P and E2 were analyzed .. .

for the current study. All analyses were run in duplicates. Intrazul-%art'c'pantS

assay variability coe cients were 7.5 and 7.8% for E2 and Phe nal sample consisted of 62 subjects (29 NC and 33 OC).
respectively. Inter-assay variability coe cients were 6.3% for E2roups did notdi erin age, BMI, age at menarche or relationship
and 1.3% for P. The standard curves were of expected sigpatus Table 1). Age and duration of OC use were unrelated,
and shape and according to the manufacturer, all ELISA-kifs= 0-266,p = 0.134, but age was positively correlated with
were validated by LC-MS. Subjects were instructed to neith@gration of the hormone free interval in previous OC users,
eat nor drink (except water) for 2 h prior to testing to avoid' =0.723p< 0.001.

possible contamination of samples. Outliers were replaced using

a 90% winsorization for the NC and OC groups, respectivelfzonadal Steroid Concentration

Consequently, values below the 5th or above the 95th percentilean estradiol Table 2, t gy = 2.02,p = 0.048,d = 0.514,
were replaced with values corresponding to the 5th or 95ths well as progesterone concentratidratfle 3, t ey = 4.12,
percentile, respectively. Winsorization has proven as a relialge< 0.001,d = 1.049, diered signi cantly between groups,
method for outlier correctionennedy et al., 199Rivest, 199%  with, respectively, higher concentrations in the NC compared
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FIGURE 3 | Mean arousal ratings in reaction to erotic, positive and neutral FIGURE 4 | Mean valence ratings in reaction to erotic, positive and neutral
stimuli in naturally cycling (NC) women and oral contraceptive (OC) users. stimuli in NC women and OC users. Error bars re ect SEM. *f*< 0.001.
Error bars re ect standard error of the mean (SEM). *f*< 0.001, **p < 0.01.

nor was there a signi cant stimulus categorygroup interaction,
to the OC group. For the NC group, estradiol concentratiorF ; ;,gg9.45 = 2.50,p= 0.094/ p2 =0.043.
(Table 2 di ered signi cantly between MC phasek, 2,56/ = 6.85,
p=0.002! ,2) =0.197. Pairwise compgrison revealed that estradipleyral Reactivity
levels were signi cantly lower during FO compared to OVEarIy Posterior Negativity
p=0.010, anciLLp: 0.015. No di erence was observed betweeR 41 ing the EPN, analyses revealed a main e ect of stimulus
OV and LU,p=1.00. _ _ o category, F.1.378209 = 70.79,p < 0.001,!2 = 0.541.
Progesterone concentration also di ered signi cantly betweep,yiyise comparison showed that erotic stimuli evoked greater

— - 2 _ ;
MC phasesF 1sgas3e = 7.48,p = 0.003,! 5 = 0.211, With epN pegativity compared to neutral and positive stimuli (all
signi cantly higher concentrations during LU compared to FO,

o . X < 0.001). No dierences were observed between positive
p< 0.001, and no signi cant di erences in FO and LU comparedgnd neutral stimuli,p = 0.061. Mean amplitude was 3.3

o OV (allp 0.119) asillustrated ifable 3 gEM: 0.41) in reaction to erotic, 4.88V (SEM= 0.38) in

As expgcted, no Ehase ddlferen;]:esolcn: gonadal ste(rjq action to positive and 4.68V (SEM = 0.38) in reaction to
concentration were observed for the group, estradioly il stimuli Eigure 5.

. — — 2 — .
(Table 9: F.1.30.4455 = 2.85p=0.086/ ; = 0.082; progesterone Groups did neither dier signi cantly in EPN amplitudes,

(Table 3: F.1.524868 = 0.68p=0.473] 2 =0.021. F.160 = 1.05p=0.311} 3 = 0.017, nor was there a signi cant
o . . group  stimulus category interactionfF 1.37,82.03 = 0.14,

Subjective Stimulus Evaluations p = 0.869,! 2 = 0.002. Results are illustrated Figure 6

Arousal Ratings EPN amplitudes did not di er in dependence of OC regimen,

Arousal ratings di ered signi cantly between stimulus categories; 2,64/ = 1.27,p = 0.288) g =0.038 and there was no signi cant
F 1669304 = 126.72,p < 0.001,!F2, = 0.694 and were not OC regimen stimulus category interactiorf 4,109 = 1.48,
aected by group,F 156 = 0.13,p = 0.720,! 3 = 0.002. The P=0.213} F =0.044.

stimulus category group interaction was also not signi cant, » .

F 1660304 = 3.04,p=0.062) 2 = 0.052. Pairwise comparison Late Positive Potential _ _ o _
revealed signi cantly higher arousal ratings in reaction to erotit@t€ positive potential amplitudes diered signi cantly in
vs. neutral and positive stimuli (ai < 0.001). Positive stimuli deépendency of stimulus categoFys 6910136/ = 67.87p< 0.001,
were rated as more arousing compared to neutral stimulip = 0.531. Erotic stimuli elicited greater LPP amplitudes

p=0.004. SeEigure 3for illustration. compared to neutral and positive ones (@ll< 0.001). LPP
amplitudes toward positive vs. neutral stimuli did not dier
Valence Ratings signi cantly, p=1.00 Figure 7).

As shown inFigure 4, valence ratings also di ered signi cantly ~ There was no signi cant main e ect of groufk, 1,60 = 1.04,
between stimulus categories,.7g,9045 = 29.08,p < 0.001, p = 0.311,!3 = 0.017, and no signi cant group stimulus

! g = 0.342. Pairwise comparison revealed that positive stimititeraction,F.1.69,101.36 =0.53p=0.560! ,2): 0.531} g= 0.0009.
were rated as signi cantly more pleasant compared to erotic arRlesults are illustrated iRigure 8.

neutral stimuli (allp< 0.001), while no di erences were observed For the OC group, LPP amplitudes diered across
between the latter two categorigss 0.750. Valence ratings didthe OC regimen in dependency of stimulus category, as
not di er between groupsF 1,561 = 0.15,p = 0.704,! g =0.003, indicated by a signi cant stimulus OC regimen interaction,
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FIGURE 5 | Grand average on electrode PO7 in reaction to erotic, positive and neutral stimuli in the time window 150-250 ms.
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FIGURE 6 | Mean EPN amplitudes inmV averaged over electrodes PO7, PO8, O1, and O2 in reaction to erotic, positive and neutral stimuli in NC women and OC
users. Error bars re ect SEM. **p < 0.001.
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FIGURE 7 | Grand average on electrode P2 in reaction to erotic, positive and neutral stimuli in the time window 400-800 ms.
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FIGURE 8 | Mean LPP amplitudes inmV averaged over electrodes CP1, CP2, P1, and P2 in reaction to erotic, positive and neutral stimuli in NC women and OC
users. Error bars re ect SEM. **p < 0.001.
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FIGURE 9 | Mean LPP amplitudes inmV averaged over electrodes CP1, CP2, P1, and P2 in reaction to erotic and neutral stimuli as well as the erotic — neutral
difference in OC users across active OC pill phase one (AP1), active OC pill phase two (AP2) and the inactive OC pill phase (IP). Error bars re ect S|pM.0701.

F 3.07,9807 = 3.85,p = 0.011,!,2J = 0.107.Post hocanalyses and OC subjectsNonciunskaite et al., 20)9possibly due to
revealed no main e ect of measurement time for neithethe use of between- vs. within-subjects designs. In the current
stimulus category, eroticE 2,64 = 1.38,p = 0.259; neutral: study, reliability of endocrine analyses was increased by strict
F ey = 1.59,p = 0.212; positiveF 5,64 = 0.14,p = 0.872. termination of measurements in three distinct cycle phases and
The amplitude di erence between erotic and neutral stimulithe assessment of these distinct phases in the same women,
however, di ered signi cantly across OC regimen measurementhich helped to reduce between-subject variance. If distinct
times, F 2,64/ = 9.58,p < 0_001,!5 = 0.230, and was higher phases are being assessed in di erent women, high-between
during AP2 compared to AP1 and IR = 0.001, respectively. subject variance can hinder detection of phase and/or group
Descriptively, this e ect was due to lower reactivity towardli erences. Within-subject designs are, therefore, advantageous
neutral stimuli (AP1 vs. AP2) and higher neural reactivityn order to disentangle these e ects. In the NC group, endocrine
toward erotic stimuli (AP1 vs. AP2 and AP2 vs. IP). Results ag@ncentrations showed expected variations across the menstrual
illustrated inFigure 9. cycle. Estradiol concentration was highest during ovulation
and remained elevated during luteal compared to follicular
phase. This corresponds to the second estrogen peak observed
DISCUSSION during mid-luteal phase Gandara et al., 200.7 Progesterone
levels peaked during luteal phase with a signi cant increase
The current study examined neural correlates of early amntbmpared to follicular phase and intermediate concentrations
later stages of emotional processing in NC and OC womaeduring ovulation.
using an ERP approach. NC women and OC users did not
di er signi cantly in neural reactivity toward positive or erotic Subjective Stimulus Evaluations
visual stimuli, nor did they rate valence and arousal of thes®egarding stimulus arousal ratings, both emotional categories
stimuli dierently. In OC using women, LPP but not EPN were rated as signi cantly more arousing compared to neutral
amplitude di erences between erotic and neutral stimuli variedtimuli and erotic stimuli were also rated as more arousing
signi cantly between measurement times across the OC regimgmpared to positive stimuli. This is in line with previous
with signi cantly higher di erences during AP2 compared t0research Jacob et al., 201 Ma ei et al., 2013. With regard
AP1 and IP — that is, during the second week of OC intakg valence ratings, positive stimuli were rated as signi cantly

compared to the rstand the OC free week. more pleasant than neutral and erotic stimuli. In contrast to
] _ our expectation, erotic stimuli were not rated as more pleasant
Gonadal Steroid Concentration than neutral stimuli. Higher pleasantness ratings for erotic vs.

Endogenous estradiol as well as progesterone concentratiorsitral stimuli have previously been reportedi¢ob et al., 20),1
were lower in the OC than in the NC group. These resultbut might depend on the explicity of erotic stimuli, perceived
are in line with most previous studiesR@pkin et al., 2006 embarrassment while watching such stimuli, or speci c features
Petersen and Cabhill, 20 Bethraeus et al., 20).@nd are caused of included neutral stimuli {la ei et al., 2019. Speci c setting
by OCs downregulating e ect on the HPG-axis. Yet, not altharacteristics (online vs. on-site) could also a ect the results
studies did report di erences in estradiol levels between N@ith anonymous online ratings possibly being more honest. In
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the current study, no signi cant di erences between the NConly women who had previously experienced OC related side
and OC group in valence or arousal ratings regarding argects were included. Mean duration of OC intake in the current
stimulus category were observed. Accordinglymbruster et al. sample was approximately 4 years. Consequently, prolonged
(2017)reported no di erences in subjective stimulus evaluationsather than initial e ects of OC use were assessed. Initial e ects
between NC and OC women in reaction to positive, negativef OC treatment — as assessed after one treatment cycle — might
and neutral stimuli. Subtle di erences in valence and arousdiminish over time leading to non-signi cant ndings in cross-
ratings in reaction to positive, negative and neutral stimuli haveectional studies. Correspondingljarva and Oinonen (2007)
previously been reported bgpalek et al. (2019However, the reported greater di erences between NC and OC women in
authors did not control for measurement time during MC/OCemotional reactivity if those took OCs for less than 2 years.
regimen and their sample included various types of HCs (COCBxploratory analyses in the underlying sample revealed no
patches, hormonal IUDs, and progestin-only pills). signi cant association between duration of OC use and neural
Regarding erotic stimuliAbler et al. (2013did not observe reactivity, neither in the EPN nor in the LPP. However, no subject
group di erences in arousal ratings. The current results, whila the current sample had used OCs for less than 12 months and
remaining on a trend levelp(= 0.062 for the stimulus group only four had used them for less than 2 years. Consequently, no
interaction), indicate slightly lower arousal ratings in OC usersonclusions could be drawn on initial OC treatment e ects.
compared to NC women. This nding is relevant in the light of Nevertheless, some e ects of OCs on brain structure and
adverse sexual e ects reported by some OC uséfsll(viener neurochemistry might last for months or years after OC
etal, 2010, 2015mith et al., 20L&Zethraeus et al., 201Huang discontinuation Pletzer et al., 20)%nd such enduring e ects
et al., 202p and should be more closely examined in futureeould also mask group di erences if NC women have previously
studies, possibly in combination with measures of sexual functiarsed HCs. Importantly, 22 out of 29 subjects in the current NC
and/or self-reported adverse OC e ects. sample reported previous HC use. Therefore, reported results
Results suggest that conscious processing of emotional stirmaight not be generalizable to HC naive women. Adverse side
might not be in uenced very strongly by OC intake. Previous ects are the main reason for terminating (oral) hormonal
results regarding modulation of subjective stimulus evaluatiort®ntraception Eanders et al., 200Huber et al., 2006 The
by MC phase were inconsistent with some studies reportinglatively long mean duration of OC use in the underlying
no (Zhang et al., 20)3and others domain-specic e ects OC group suggests an absence of major side e ects. This
(Lusk et al., 20%5Viaciukaite et al., 201)7 To the best of our phenomenon is called self-selection bias or survivor-e ect and is
knowledge, no study so far assessed OC regimen related e ecthighly relevant in cross-sectional OC researEhg(nnick et al.,
stimulus evaluations. As MC/OC regimen time points of stimulug02(. Consequently, OC users in the current sample might not
evaluation were not balanced between subjects in the currdsg representative of OC users in general, but of those without
sample, no conclusion can be drawn in this respect. major side e ects. These women might also experience only
subtle alterations of psychophysiological processes. However,
Lo . 42% of OC users in the current sample reported to experience
Neural Reactivity in Naturally Cycling vs. some sort of OC related side e ects with mood swings and
Oral Contraceptive Using Women depressive mood being most frequently reported. Practical
No signi cant di erences were observed in neural reactivityeasons, partnership characteristics or a positive cost-bene t
between NC and OC women neither for early (EPN) nor foratio (cycle control, bene cial e ects on acne or menstrual
later (LPP) stages of emotional processing. These dierengesin) might result in continuation despite side e ect&rfst
were expected due to reported adverse side e ects of OC intaked Darroch, 2008Merkh et al., 2009Egarter et al., 20)3
including depressionkovlund et al., 203 AVit et al., 202), To di erentiate e ects of initial, prolonged or previous OC use,
a reduction of general well-beingZ¢thraeus et al., 20)or future studies should include higher proportions of OC naive
sexual function\(Vallwiener et al., 2010, 201Smith et al., 2014 women. As recent studies suggest higher vulnerability to OC
Zethraeus et al., 20),6and previous research indicating reducedelated neurophysiological alterations and side e ects during
reactivity to negative emotional stimuli under OC treatmenpuberty (Anderl etal., 202Bharma etal., 2020&/t et al., 202,
(Gingnell et al., 20%,3Petersen and Cahill, 201Blonciunskaite time of OC initiation should also be considered. Furthermore,
et al.,, 201p However, Abler et al. (2013)also reported no information about side e ects and reasons for initiation (i.e.,
signi cant di erences in neural activity during viewing of erotic contraception vs. health-related reasons) should also be collected
videos and pictures between OC using and NC women. Theayore thoroughly.
did observe subtle di erences in activity of the precentral gyrus Current research suggests that adverse e ects following OC
during expectation of erotic stimuli but only when comparinguse occur only in a subgroup of wome&dcha r, 2006 Burrows
follicular NC women to OC users that had previously taken O@t al., 2012 Schar et al., 201§. Accordingly, Scheuringer
pills for up to 2 months without any OC break, which limitset al. (2020)conducted a placebo-controlled RCT and assessed
generalizability of reported results. attentional biases and depressive symptoms after 3 months of
Generally, an important factor that needs to be considered @C intake. While they did not observe e ects of OCs on
OC research and interpretation of its results is the duration alepressive symptoms, or interference in a verbal emotional
OC use. In case of th&ingnell et al. (2013study, emotional Stroop task, previous OC use and high trait anxiety signi cantly
processing was assessed after one cycle of OC treatment pratlicted depressive symptoms at the end of the trial. Genetic
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factors could also contribute to such susceptibility and mighiGruber and Huber, 2003and most studies also did not
be similar to those predisposing women to experience otharclude/di erentiate newer progestinsR@pkin et al., 2006
reproductive a ective disorders like premenstrual dysphorié\fricander et al., 20%1Porcu et al., 2009 Therefore, as a rst
disorder, postpartum or perimenopausal depressidfciEvoy step, more basic neuroscienti c research, examining di erential
et al.,, 2017 Bromberger and Epperson, 2018Regarding e ects of OC preparations on i.e., neurosteroid concentration
sexual side e ects, polymorphisms associated with fema@d/or neuroanatomy, is needed.
sexual function such as the estrogen-receptgrolymorphism Other possible explanations for the diverging results between
(rs2234693)Armeni et al., 201)ycould be relevant as well. Suchthe current and theMonciunskaite et al. (2019%ample are
factors should be considered in future research to prospectivelgsign and paradigm-related di erences. In the current study,
improve contraception counseling. each subject was assessed three times across the MC/OC regimen
In a previous ERP study on OC usklonciunskaite et al. [compared to once inMonciunskaite et al.'{2019 sample].
(2019) reported signi cantly lower LPP amplitudes towardMeasurements during ovulation in the NC and during the
emotional as well as neutral stimuli in OC users. As the stud9C free week in the OC group were included. Furthermore,
design of this study was relatively similar (ERP approachWonciunskaite et al. (2019)sed a passive viewing paradigm
student sample, comparable sample size, and long OC duratiowhereas an active task requiring subjects to react to presented
previously outlined factors are unlikely to account for divergingtimuli was used in the current study. Previous research indicated
results. However, the sample in théonciunskaite et al. (2019) higher mind wandering tendencies in OC uselafymond et al.,
study was restricted to users of anti-androgenic progestingd19 — a confound that should be more relevant in passive vs.
In the current sample, a majority of women used androgeniactive tasks and might explain reduced LPP amplitudes in the
progestins. While most studies do not control for di erentMonciunskaite et al. (2019%ample. Further research, possibly
OC formulations, some recent results indicate that androgeniccluding eye-tracking measures, is necessary, especially since
vs. anti-androgenic progestins di erentially a ect cognitive andNC and OC women might di er in their attention to contextual
socio-emotional processes. For instan@eirvich et al. (2020) features of presented (erotic) stimu(pp and Wallen, 2007
reported lower accuracy in an emotional face discrimination Regarding erotic picture processing, another factor should
paradigm in anti-androgenic vs. androgenic OC usétiktzer be considered in future researchrause et al. (201®9bserved
et al. (2015)observed higher accuracy in a neutral faceower LPP amplitudes in subjects reporting less than two sexual
recognition paradigm and higher gray matter volumes in thatercourse partners during the last 12 months compared to
fusiform gyrus, the fusiform face area and the parahippocampsuibjects reporting two or more partners. Importantly, this
place area as well as the cerebellum in users of anti-androgegiierence was more pronounced in less explicit sexual images.
progestins. Face recognition accuracy did not di er signi cantlyAs erotic pictures in the current study included males and females
between NC women and users of androgenic progestins. imunderwear (i.e., no naked genitals were depicted) and couples
a later study,Pletzer et al. (2016yeported that observed during “petting” rather than penetrative intercourse, they can
dierences between NC and OC women in resting-statebe classied as rather less explicit. Hence, di erences in sexual
connectivity were mostly attributable to the group of anti-activity between both groups could also have confounded current
androgenic OC users. A ected regions belonged to limbic as weésults. Subjects did not report the number of current and/or
as occipital networks involved in processing of visual emotionprevious sexual intercourse partners. Relationship status — as the
stimuli. Exploratory analysis in the current sample revealed raost similar measure in the underlying study —was, however, not
trend (p = 0.052 for the main e ect of group) toward lower signi cantly associated with early or late neural reactivity.
LPP amplitudes in anti-androgenic OC users compared to NC While no signi cant di erences occurred between the NC
women and users of androgenic OCs. EPN amplitudes did nahd OC group, the erotic-neutral di erence in LPP amplitudes
di er signi cantly between groups. However, subjective stimulusvas modulated by measurement time during the OC regimen
evaluation di ered signi cantly between groups. Irrespective olvith signi cantly higher di erences during the second week of
stimulus category, users of anti-androgenic OCs rated stimwctive OC intake. Importantly, this e ect remained signi cant
as signi cantly less pleasant compared to androgenic OC usengien controlling for phase of rst measurement. Most previous
who did not dier from the NC group. Regarding stimulus studies on OC use did not examine di erent time points across
arousal, erotic stimuli were rated as signi cantly less arousirthe OC regimen at all, or if they did, compared one time
in the anti-androgenic- compared to the androgenic OC apoint during the active period and one time point during the
well as the NC group. Test statistics regarding these resu®@€ free week in a between-subjects design. Within-subjects
are provided in theSupplementary Material These results designs — as used in the current study - help to reduce variance
should be treated with caution due to the small sub-sampla order to better disentangle OC regimen e ects. The higher
size (23 subjects used androgenic OCs and 10 subjects aetbtic-neutral di erence at AP2 resulted from lower neural
androgenic OCs). Taken together with results described aboveactivity to neutral stimuli (AP1 vs. AP2) and higher neural
they nevertheless suggest that pooling di erent OC formulation®activity to erotic stimuli (AP1 vs. AP2 and AP2 vs. IP). Mean
might prevent detection of group dierences between NGmplitude in reaction to erotic stimuli was highest at AP2,
and OC women and dierential e ects of progestin typesalthough this e ect was not statistically signi cant. Previous
should be considered in future research. Research regardimegearch reported higher coupling of brain regions relevant
e ects of synthetic progestins on the CNS is still very sparder emotion regulation during the active vs. inactive period of
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the OC regimen I{lasseri et al., 202Cand Radke and Derntl toward positive or erotic emotional stimuli. Neural reactivity

(2016)reported higher accuracy during the active OC treatmertbward erotic vs. neutral stimuli was modulated by time point

in an aective responsiveness task. Taken together, reportefithe OC regimen with greater di erences during the second

results suggest that emotional processes are modulated by week of the OC regimen. This could result from steady endocrine

OC regimen, with possibly higher emotional abilities (highestates and should be more closely examined in future studies.

emotional reactivity to erotic vs. neutral stimuli, better emotiorfFuture studies should control for duration of current and/or

regulation and a ective state evaluation) during active vs. inactiyrevious OC use and other possible confounding factors such

periods of the OC regimen. as the number of sexual intercourse partners. Furthermore, it
After initiation of a new OC blister, ovarian suppressiorseems to be highly relevant to distinctively examine di erent

is usually reached after seven consecutive days of OC int&B€ formulations, as di erent progestins could have di erential

(Curtis et al., 2006 Most manufacturers recommend additionale ects on neural and socio-emotional processes.

contraception if a pill is forgotten during the rst 7 days after

the break, but not if it is forgotten on days 8-14. Missing

pills adjacent to the OC free interval is associated with greatBlATA AVAILABILITY STATEMENT

risk of pregnancy Curtis et al., 2006 The AP1 measurement

in the current study corresponded to days 7-9 after Startirﬂjhe original contributions presented in the study are included

a new OC blister and the AP2 measurement was conductétithe articleSupplementary Materia) further inquiries can be

on days 14-16. Therefore, AP2 might correspond to the tinféirected to the corresponding author.

point of maximal ovarian suppression and most stable endocrine

status. Correspondingly, higher reactivity to erotic vs. neutral

stimuli was noted at this point. This could be interpreted inETHICS STATEMENT

terms of positive mood e ects during steady hormonal states . ) . )
in OC users Ott et al., 200f Lower reactivity to erotic The studies involving human participants were reviewed and

vs. neutral stimuli during the OC free week is in line with@PProved by the Local Ethic Commission of the Faculty of
reported adverse e ects during the hormone absent interv&Sychology and Sport Science at Justus-Liebig-University Giefsen.
of the OC regimen $ulak, 2000Kelly et al., 2010 In the The patlents/pgrt|0|p§nts. provided their written informed
current study, it was aimed to assess NC and OC wom&@nsentto participate in this study.

on similar days of the MC/OC regimen with equal between
measurement intervals. To further elucidate OC regimen relate,
di erences in emotional processing, future studies shoul

terminate measurements in the OC group in consideration CNIS JH, and AM: conceptualization and study design. NS: data
results regarding ovarian function at di erent time points of the_ " = " - S 7 A
acquisition and investigation, formal analysis, visualization, and

OC regimen Curtis etal, 2006 writing — original draft. NS and AM: writing — review and
T editing. AM: project administration. JH and AM: supervision and
Limitations . :
o . . . . resources. All authors contributed to the article and approved the
Several limitations need to be considered in the interpretation . .
. submitted version.
of the presented results. Most subjects were students and méan
age was comparably young. Strict inclusion/exclusion criteria,
furthermore, reduces representativeness of the sample. UNDING
Regarding included stimulus categories, no signi can't:
di erences were observed in neural reactivity to positive Vg research was supported by a German Research Foundation
neutral stimuli. This contradicts previous researcBcliupp grant to AM, project MU 4385/2-1.
et al., 200PBublatzky et al., 203Munk et al., 201% However, '
neural reactivity has proven to be arousal- rather than valence
dependent $chupp et al., 200Qeite et al., 2092 Comparing ACKNOWLEDGMENTS
arousal ratings between subcategories revealed that positive
stimuli were rated as more arousing compared to trees but digje would like to thank Nicole Tscherney for research assistance
not di er signi cantly from neutral persons and couples whichand our student assistants for their help in acquiring participants
could explain the observed similarity in neural reactivity. and collecting the data. We also thank our participants for their
dedication in research.
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Conclusion

Sixty years after introduction of “the pill,” the questidmow

OCs aect brain structure and functions remains unclear anGUPPLEMENTARY MATERIAL

understudied Porcu et al., 200)9Hence, in a rst step, more basic

neuroscienti c research is needed. The Supplementary Material for this article can be found online
In the current study, no signi cant di erences were observedt: https://www.frontiersin.org/articles/10.3389/fnins.2021.

either in subjective stimulus evaluations, or in neural reactivity98823/full#supplementary-material
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Interplay between sexual
excitation and inhibition: impact
on sexual function and neural
correlates of erotic stimulus
processing in women

Norina M. Schmidt *, Juergen Hennig and Aisha J. L. Munk

Department of Differential and Biological Psychology, Justus-Liebig-University Giessen, Giessen,
Germany

Background: As outlined by the dual control model (DCM), individual differences
in the regulation of sexual arousal following sexual stimulation depend on
two distinct neurophysiological processes: sexual excitation (SE) and sexual
inhibition (SI). Although associations with sexual function, behavior, and cue
processing have been demonstrated in previous research, underlying neural
correlates remain insuf ciently explored. Moreover, interactive effects of SE/SI
as proposed by the DCM, as well as factors impacting SE/SI properties, such as
the use of oral contraceptives (OCs), have not received adequate attention in
existing research.

Methods: 90 healthy, sexually active women ( n = 51 using OCs, n = 39
naturally cycling) completed an Emotional-Picture-Stroop-Paradigm (EPSP)
while a 64-channel EEG was recorded. LPP amplitudes toward erotic and neutral
stimuli were consecutively computed as a marker of motivational salience
and approach motivation. Additionally, women provided self-reports of SE/SI
and sexual function. Moderation analyses were performed to assess interactive
effects of SE/SI in predicting LPP amplitudes and sexual function.

Results: Sexual function was negatively associated with Sl levels but unrelated
to SE. Higher S| was associated with reduced LPP amplitudes in response to
erotic stimuli. This negative association was, however, attenuated for women
high in SE, suggesting interactive effects of SE/SI. Furthermore, women using
OCs reported lower SE compared to naturally cycling women.

Conclusion: The observed ndings provide additional psychophysiological
evidence supporting the DCM and underscore the relevance of interactive SE/SI
effects in stimulus processing and approach motivation. They also highlight the
possible impact of OCs on psychosexual variables that warrants further research.

KEYWORDS

erotic stimulus processing, sexual function, sexual excitation, sexual inhibition, dual
control model, LPP amplitudes, oral contraceptives, event-related potentials
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1 Introduction genital, correlates of erotic stimulus processing thus constitutes
a valuable addition to previous research. Self-report instruments

Sexual desire can be elicited by various internal and extern@fSess regular, in contrast to laboratory, patterns of sexual
situational cues, such as sexual fantasies, physical closeness Pgf@vior and arousal, including subjective arousal, lubrication,
touch of an attractive partner, or romantic settings. It is not2nd frequency of orgasmsz(sen et al., 20)tand assessment

the situation alone, however, that determines sexual respons&, neural correlates associated with erotic stimulus processing
Individuals exhibit stable interindividual dierences in their 'S 1€SS invasive compared to thermographic cameras or vaginal

responsiveness to these situational cues. The degree to which pi?ptoplethysm(.)graph.y.. Itis, therefore, less likely to cause shame
individual is responsive to erotic cues is referred to as sexuglnd d!scomfortln partmpants. . . .
excitation (SE). However, emerging sexual desire can also be It |s.also a suitable gpproach to_ exgmlng Wheth.er di er.entlal
dampened by factors like self-consciousness, concerns about ogdeeption .and processing of erotic s_tlmuh un@erh_e 'pre_w_ously
own sexual performance or possible risks of pregnancy and sexuaﬂ?served di erential subjective and genital reactions in individuals

transmitted diseases (STDs), along with “not-just-right”-feelings\,NIth varying propensities for SE and SI. According to cognitive

. S . and information processing models, attending to and processing
or lack of interpersonal trust. Again, individuals vary in the ¢ sexual is n W for sexual ar | and desire © ;
extent to which they are bothered by these inhibiting situationaf’’ S€XUa! CUES IS necessary for sexual arousal a esire fo occu

aspects — a concept referred to as sexual inhibition (Sl). Accordin Jzzseseerrl 3;1}52&?1?;9’ s:)gQETaE;/nadreSs | ina(;' ’rsgﬁggh;i;gs?ggncies
to the dual control model (DCM) Bancroft and Janssen, 2000 P 9 '

. it could be insightful to explore underlying processes, such as
Janssen and Bancroft, 2Q0Bancroft et al., 2009 excitatory ) g P . y gp
attention allocation and approach motivation.

and inhibitory forces operate independently from each other . .
Y P P y ' So far, studies on attentional processes have centered on SE, as

and adaptive sexual responses are based on a balanced interpla . L . . ;
P P Q’"Ilg DCM dimension is more strongly associated with processing

betwgen these dynamics. Correspondingly, SE and SI have b_ecﬁr(]external sexual informationJanssen and Bancroft, 2(2Ihitial
considered as the gas pedal and brake of sexual arousal, respectlvel& . .

. . ) evitlence revealed associations between SE and target detection
(Janssen and Bancroft, 202A rming the theoretical assumption

. - time, as a measure of attentional engagement, in a dot probe
of independent forces, self-reported propensities for SE and Sl haye 9ag P

] , task (Prause et al., 20p8Participants high in SE required more
been shown to be either uncorrelateth(ssen et aI.. ,.2oozzu|nta. time to detect a target that appeared under a sexual vs. neutral
Gomeslet al., 20)jor to express only small positive or negat'veimage. Diverging interpretations were discussed by the authors:
correlations Graham et ql., ZOOG/eIte.n (_%t al., 2019a participants low in SE might experience higher levels of novelty

In laboratory studies, ?.SSF)CIGIIOI’]S between .self—rep.o%hen presented with erotic stimulus material, leading to increased
measu.res 9f SE./SI and subjective, as well as bodily reactiofg, ion aliocation and faster reaction times. Participants high in
to erotic stimulation have been repor_ted. Results are, howeveéE' in turn, might require more time to disengage from sexual
heterogenous. In one of the rst studiesanssen et a(2002))  g4inyji displayed before the dot, resulting in slower reaction times
reported higher genital and subjective sexual arousal to a(brause et al., 20)8However, in a later study, using a letter
erotic Im clip in males high vs. low in SE. Furthermore, malesjqcrimination task with erotic stimuli as distractors, no e ect of
experiencing less threat in association with sexuality, whicBg o attention was noted_@rvalho et al., 20)8Both studies
can be understood as a facet of low S, had stronger genitglamined mixed samples, consisting of approximately 50% males
responses to a Im clip indicating coercive sexual interactionsg,q females, and did not consider SI. In a recent study using
In & later study in a gender-mixed sampléodgson et al(2019 g event-related potential (ERP) approachyuiar et al.(2029,
reported signi cant associations between SE/SI and genital angyyever, reported associations between threat of performance
subjective sexual arousal solely in women. While the ndingsajlyre, a facet of SI, and early automatic attentional processing
regarding genital arousal supported the DCM framework, i.e.qf romantic and erotic stimulus material. Participants with a
higher genital arousal was associated with higher SE and lower Blgh propensity for SI showed elevated N200 amplitudes and
results regarding subjective arousal were contradictory. Subjectivgquced N200 latencies in response to these stimuli, suggesting
arousal was unrelated to Sl and negatively associated with Shnpli ed automatic processing. The N200 is an ERP component
The authors argued that women high in SE might have morgssociated with novelty detection, visual attention and cognitive
extensive experience with erotic content and thus perceive use@ntrol (Folstein and van Petten, 200&he authors argued that
Im clips as less stimulating. Other studies found no associationfdividuals worrying extensively about sexual performance could
between SE/SI and genital or subjective sexual arousal but reportegyard intimate stimuli as intimidating, leading to enhanced initial
higher sexual concordance, i.e., increased coherence betwggBcessing. SE was not associated with early stimulus processing
genital and subjective sexual arousal, in females with higher 8100, P200, N200). Importantly, the study aimed to examine
levels. Individuals high in SE might show greater sensitivity tQossible mediating e ects of SE/SI in the relationship between
bodily changes and thus perceive sexual arousal more precis@kuroticism and erotic stimulus processing. Results indicated a
(Clifton et al., 201n These laboratory studies used devices sucbomplete mediation of the association between neuroticism and
as thermographic cameras, or vaginal photoplethysmography tstimulus processing by Si(uiar et al., 2023
measure genital arousal. The invasive nature of such techniques in To enhance our understanding of the attentional and
a laboratory setting might however, be perceived as uncomfortabtrotivational dynamics underlying SE/SI, the use of ERPs
and shameful, therefore altering bodily and subjective arousgbnstitutes a particularly well-suited and advantageous technique.
processes, especially in individuals prone to Sl. Using self-repoifhie high temporal resolution of ERP components and their
of habitual sexual function (SF) and assessing neural, rather thavell-described associations with speci ¢ cognitive and emotional
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processesHajcak et al., 2000 including those associated with examined when SE and S| are analyzed simultaneously. Further
erotic stimulus processingi(berman et al., 20)3allow for the studies in this eld are highly warranted, particularly given the
speci ¢ identi cation of di erent phases of stimulus processing consistent associations of SE and Sl with risky sexual behavior
a ected by tendencies for SE/SI. So far, however, the study froand sexual dysfunctions. According to the DCM, these problems
Aguiar et al. (2029 was the only one to apply an ERP-basedcan emerge when the balanced interplay between SE and Sl is
approach to assess neural correlates of the DCM framework. Atisturbed and either of these forces is diminished or exaggerated
early, attentional stages of stimulus processingd0 ms) were the (Bancroft et al., 2009 Heightened excitatory properties, which
focus, later ERPs, such as the late positive potential (LPP), whiocltweigh weak inhibitory processes, increase susceptibility to risky
begins approximately 400 ms after stimulus onset and persists feexual behavior or sexual impulsivity. Correspondingly, higher SE
several hundred millisecondsigjcak and Olvet, 2008were not has been shown to predict younger age at rst sexual intercourse,
examined. Generally, the LPP is regarded as a neurophysiologitégher number of intercourse partners and one-night stands
marker of motivated attention, motivational salience and approaclas well as condom abandonment. Higher Sl, in turn, showed
motivation (Ferrari et al., 2008Gable and Harmon-Jones, 2013 reversed patterns with these risk behaviovel(en et al., 2016b
and is associated with reward processingz@dows et al., 20)6 Granados et al., 20).70n the contrary, an overactivation of
These psychological functions have previously been found to hehibitory processes accompanied by low excitatory dynamics
associated with SE/SP(ause et al., 200&regory et al., 20315 might predispose individuals to experience sexual dysfunctions
Unterhorst et al., 20%38Turner et al., 201 Additionally, the (Bancroftetal., 20Q9Velten et al(20193, for instance, examined
LPP has been shown to be especially sensitive to erotic conteatsample of 964 couples and observed consistent results in both
with higher LPP amplitudes observed for erotic compared taenders: Higher SE related to higher sexual function (SF), while
neutral and, moreover, other emotional stimulign Lankveld a negative association emerged for Sl. In clinical samples, erectile
and Smulders, 2008&chmidt et al., 2092 Therefore, it might dysfunctions in males and orgasm di culties in females were
be a particularly suitable marker for studying neural correlatesssociated with higher Sl levels but unrelated to SBLfa
of SE/SI e ects. et al., 202DQuinta-Gomes et al., 20.2Neural activity patterns

With regard to approach motivation, for instance, behavioralin women diagnosed with hyposexual desire disorder (HSDD),
tasks suggest dierential associations with SE and TSkner  however, support the dual process approach. In their study,
et al. (2019 conducted an implicit approach-avoidance task in aBianchi-Demicheli et al.(201) reported diminished reward-
heterosexual male sample. SE predicted heightened approach biglated processing of erotic stimuli alongside heightened higher-
(i.e., shorter reaction times in pull vs. push trials) to pictures obrder processing in parietal, frontal, and extrastriate cortices among
nude women. Threat of performance failure (Sl), in turn, predictecdHSDD patients as compared to healthy controls.
an elevated avoidance bias toward these stimuli. In an fMRI study To sum up, research on associations of SE/SI with erotic
conducted in a female sample, SE was also found to be associaséichulus processing and SF is highly pertinent but currently
with greater reactivity to sexual cues in the ventral tegmental ardanited. Given the reported associations between SE/SI and
(VTA), a key region in reward processing. Sl in turn, was notclinically relevant phenomena such as risky sexual behavior and
associated with VTA activitygregory et al., 20)5Unterhorstetal.  sexual dysfunctions, gaining a more profound understanding of
(2019 examined a greater variety of brain regions and reportedinderlying processes could o er valuable insights for informing
positive associations between Sl and activity in the anterior insukaeatment strategies. Based on the theoretic framework of the DCM,
and prefrontal areas. SE was associated with activity in brain areiass crucial to pay special attention to interactive e ects of SE/SI
known to be involved in erotic stimulus processing, including theas opposed to independent contributions. Given that diverging
cerebellum, the inferior parietal lobules, the anterior insula, thessociation patterns between SE/SI and sexual arousal have been
dorsal anterior cingulate gyrus and the dorsal striatum. described in male vs. female samplesf{on et al., 2015Hodgson

In summary, previous research has highlighted the relevancsg al., 2015Janssen and Bancroft, 202gender-mixed samples
of SE regarding attentional and motivational processes associateould mask complex SE/SI interactions and render it di cult to
with erotic stimulus processingP(ause et al., 2008sregory  correctly identify them. Importantly, gender di erences have been
et al.,, 201p However, recent evidence also strengthens theeported for SE and Sl properties, with higher SE levels in males and
importance of S| (Unterhorst et al., 20%L8Turner et al., 2019 higher Sl levels in female€ érpenter et al., 2003The dynamic
Aguiar et al., 2023 Notably, the DCM suggests that sexual arousainterplay of SE and S| might, therefore, depend on the relative
and behavior cannot be fully understood without considering thestrength of each force. In this regard, it is crucial to further consider
dynamic interplay of the SE/SI system — something that has ndactors that could systematically impact SE/SI properties. Although
systematically been done in prior research, which predominantl$E/SI are trait-dimensions that show substantial temporal stability,
focused on the independent impact of both forcési(ssen and factors such as change in partnership status or SF have been shown
Bancroft, 202 Results of an erotic Im clip study, conducted by to impact SE/SI scales/¢lien et al., 2019b Still, use of oral
Velten et al.(20169, nevertheless highlighted the importance ofcontraceptives (OCs), as an important factor known to impact
considering interactive e ects. They reported that for low leveldemale sexuality, has not previously been considered in SE/SI
of Sl, SE positively predicted genital sexual arousal in womenesearch. Yet, numerous studies indicate reduced SF and sexual
For high SI, however, the pattern was reversed, with SE negativelgsire {Vallwiener et al., 20%Pastor et al., 2033uang et al.,
predicting sexual arousal. Importantly, neither SE nor SI had02( as well as reduced neur&llfler et al., 2013Vionciunskaite
direct e ects on genital arousal. The authors argued that higket al., 201pand genital Handy et al., 202Feactivity toward erotic
levels of both dimensions could lead to inner con icts reducingstimulus material in OC users. These aspects show strong overlap
genital arousal. Importantly, such interference e ects can only baith SE as this dimension indicates responsiveness to erotic cues
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(Bancroft et al., 20091f OC use aected SE, it might also alter 2.2 Sample characteristics

the dynamic interplay of SE/SI, leading to diverging patterns of

associations with SF and erotic stimulus processing in users vs. non- \women were recruited via circular mails and yers distributed
users. Although prevalence and comorbidity of sexual dysfunctiong the Justus-Liebig-University in Giessen. After communication of
are higher in women compared to mengumann et al., 1999 jnjtjal interest, eligibility criteria were clari ed in a standardized
Rosen, 2000VicCabe et al., 20)fresearch on sexuality and erotic qyestionnaire- and telephone-based screening. Following criteria
stimulus processing has predominantly been focusing on malgere checked: (1) age between 18 and 35, (2) nulliparous, (3)
samples or gender di erences, and studies exclusively examinifgterosexual, (4) absence of any physical or psychological health
the neural correlates of erotic stimulus processing in women argondition, (5) no intake of medication with central nervous system
sparse {iogas et al., 2033In light of this gap, the present study (CNS) or endocrine e ects, (6) non-smoker, 7) right-handedness,
focuses on a female sample comprising healthy naturally cyclir(g) BMI > 18 < 26 kg/n?, (9) normal or corrected-to-normal

(NC) and OC using women. . _ vision and intact color vision. Women had either used combined
Based on previously reported open questions, this studycs for at least 6 months in a 21/7 regimen or had not used
pursued three primary objectives: any form of hormonal contraception for the same period of time.

For the latter group, a regular menstrual cycle with a mean cycle
(1) To assess neural correlates of SE/SI properties during erofigiration of 26—30 days was mandatory.
stimulus processing in females using ERP techniques. A total of N = 117 female participants completed data
(2) To examine interactive, as opposed to independent, e ectgssessmenh = 3 participants were excluded due to insu cient
of SE/SI on self-reported SF and neural correlates of eroticeG data quality. Of the remaining = 114 participantsn = 57

stimulus processing. were NCn =57 were using combined OCs. Of these,6 OC users
(3) To exploratorily examine the modulatory in uences of OC useandn = 18 NC women reported to not have had sexual intercourse
on SE/SI properties and SE/Sl interactions. within the past month. Due to the signi cantly higher proportion
of NC women reporting absence of sexual intercoutgey = 7.60,
Our speci ¢ expectations were as follows: p=0.006, analyses were limitedte 90 women @ = 51 using OCs,

n = 39 naturally cycling) who reported sexual intercourse. This
(1) SI and SE would demonstrate interactive e ects inwas done to avoid confounding of OC status and sexual activity,
predicting a) self-reported SF and b) LPP amplitudess former research indicated associations of LPP amplitudes and
toward erotic stimuli. number of sexual intercourse partners as an indicator of sexual
(2) OC users would report lower SE compared to NC women.  novelty/deprivation Prause et al., 20).5Furthermore, the FSFI
total score does not hold valid information for those without
We also aimed to exploratorily examine whether OC uséntercourse Berner et al., 2004 Women without sexual activity
moderates the association between SE/SI and (a) self-report@fthin the past month reported higher Si,115 = 2.65,p = 0.009,
SF and (b) LPP amplitudes. Given the absence of prior researgh= 0.61, but did not di er from sexually active women regarding
in this eld, we did not have strong a-priori hypotheses SEt 114 = 0.65,p=0.517. Of the sexually active womers 15
regarding the direction of the SE/SI interaction e ect or the NC women were assessed during the follicular phasel0 during
moderating role of OC use. ovulation andn = 14 during the luteal phase. OC users were
assessed during the rst week of a new OC blister (24), during
the second weekn(= 15) and during the OC breakn(= 12).

2 Materials and methods Mean age in the sample was 22.64 years (SD = 2.07), NC and
OC women did not di er signi cantly regarding age,sg = 1.86,
2.1 Study design p=0.067, although there was a tendency for NC womdn ( SD

23.10 2.22) to be slightly older than OC womemM( SD

Data was collected as part of a comprehensive research proj«,ggt'29 1.90).N = 80 womgn rePo"ed to be i_n a rela_tionship,
that examined the association of menstrual cycle phases, Qg¥hereasn = 10 repqrted bel_ng single. Proportion of single and
use, and personality traits with emotional stimulus processing iartnered women did not dier between OC and NC women,
women. Participants in the study either had natural menstruaﬁz-” =0.20p=0.652.
cycles or were using OCs. Results regarding these group Participants were compensated with 10 €/h or research
comparisons have been reported elsewheren(nidt et al., 2092 participation credit. Written informed consent was obtained prior
As part of this research project, women were assessed on thrie @ssessment. The study was approved by the local ethics
measurement occasions corresponding to distinctive cycle phasggnmittee of the University of Giessen, Department of Psychology
(follicular phase, ovulatory phase, luteal phase in NC women: rstapplication number: 2018-0022) and was conducted in agreement
and second week of OC treatment as well as OC break in OC user¥jth the declaration of Helsinki.

Order of phases was randomized. On each measurement occasion,

women completed an Emotional Picture Stroop Paradigm (EPSP)

while an EEG was recorded, and ERPs were subsequently analyz%d?) Measures

For the current research question, only ERP data collected during

the rst measurement occasion were considered to ensure novelty SE/SI were assessed using the German versishie( et al.,
of used stimulus material and exclude habituation e ects. 20163 of the Sexual Excitation/Sexual Inhibition Inventory for
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Women (SESII-W) Graham et al., 20061t was included in an button arrangement, they were instructed to place their right
online survey assessing sociodemographic as well as personailityex and middle ngers on the blue and red buttons and their
characteristics. Participants were instructed to complete the survésft index and middle ngers on the yellow and green buttons
prior to their last appointment. The SESII-W uses 23 and 13seerigure 1). Pictures were presented until participants executed
items to assess SE and SlI, respectively. These describe situatianaésponse and they were instructed to press the respective
circumstances that might arouse (SE) or inhibit (SI) sexuabutton as fast and as accurately as possible. Trials were separated
arousal. Level of agreement to each statement is indicated aising an inter-trial interval of random duration (range 1,000 —
a scale of 1 (strongly disagree) to 4 (strongly agree). The SE500 msM = 1,250). The color identi cation task was used to
factor is comprised of ve second-order factors: Arousabilitylimit conscious evaluative processes related to the erotic stimulus
Sexual Power Dynamics, Setting, Partner Characteristics, anthterial. Furthermore, it ensured sustained attention to the task,
Smell. Sl is comprised of the second-order factors Relationshighich was of special importance as di erences in mind wandering
Importance, Concerns about Sexual Function and Arousakendencies have been observed between OC using and NC women
Contingency. In the current sample, Cronbach's alphawa®.80 (Raymond et al., 20)9The EPSP included eight pictures of each
for SE anda = 0.71 for SlI. Conrming the assumption of stimulus category (indicated in parentheses), presented twice in
relatively independent forces, SE and Sl showed only a smalach of the four colors (red, green, blue, yellow) as illustrated
negative correlation with marginal signicancea, = 0.21, in Figure 1 This resulted in a total of 64 trials per stimulus
p=0.051. category. Trials were randomized and divided into four blocks
SF was assessed using the German verdianngr et al., with 30 s breaks in between. Button-arrangement was introduced
2009 of the Female Sexual Function Index (FSFI)Fysen et al. and recalled using practice trials before each block. The task
(2000 that was also included in the online survey package. Theas presented on a 24" screen using Presentation Software
FSFI uses 19 items to assess six subcomponents of female 23F] (Neurobehavioral Systems Inc. Albany, CA, United States).
namely desire (two items), arousal, lubrication (each four itemsParticipants completed the paradigm in approximately 20 min.
orgasm, satisfaction and pain (each three items) which add up tdlore detailed information on the task can be found in
a total score, with higher scores indicating higher SF. The scofechmidt et al(2029.
is indicative of SF in the past 4 weeks. For each item assessing
sexual activity, a “no attempt of sexual activity/intercourse” answer .
category is given in which case the total score should not bd.5 EEG recording
interpreted @erner et al., 2004 Answers are collected using
ve/six-point Likert scales. Cronbach's alpha for the total score was EEG recording was performed using a 64-channel active
a=0.94. (Ag/AQCI) electrode system (Brain Products GmbH, Gilching,
Germany). Brain Vision software was used for recording (Brain
Vision Recorder Version 1.22.0101) and o ine processing (Brain
2.4 Emotional picture stroop paradigm Vision Analyzer Version 2.2.0). Signals were digitized using a
(EPSP) BrainAmp DC ampli er with a sampling rate of 500 Hz and a band-
pass lter from 0.1 to 80 Hz. All sites were re-referenced online to

Stimulus processing was evaluated using an EPSP. THi§&z and impedance at each sensor was kept belov 2@kine
paradigm has proven to be a suitable implicit measure of sexuBrocessing started with the application of a 0.5 Hz (12 dB/oct per
interest, especially when combined with ERP techniqagsr(iha order) high-pass Butterworth IIR. Data was then visually screened
and Gormley, 20092012 Munk et al., 20182020 and several for non-ocular artifacts, and these were subsequently excluded.
studies conrm the usability of Emotional Stroop ParadigmsAn Independent Component Analysis (ICA) as implemented in
for eliciing ERPs Thomas et al., 2007Bertsch et al., 2009 Brain Vision Analyzer was applied to remove blink- and eye-
Franken et al., 2009Munk et al., 20182020 Imbir et al., ~movement artifacts. The resulting data was Itered using a 30 Hz
202% Paul et al., 2022 Due to the comprehensive nature of (12 dB/oct per order) low-pass Butterworth IR and a 50 Hz
the overall project, several emotional stimulus categories wef¢otch-Iter. After re-referencing to an average reference, EEG
included Gchmidt et al., 2092 However, regarding SE/SI, only epochs were segmented beginning 200 ms before and ending
the following stimulus categories were considered in the presed000 ms after stimulus presentation. A pre-stimulus interval
study: Pictures of scantily dressed erotic couples in intimatéanging from 200 to 0 ms was used for baseline correction. LPP
poses (couple erotic), pictures of scantily dresses males (ma@plitudes were quanti ed as mean amplitudes in the temporal
erotic) and females (female erotic) in upright positions, picturegvindow from 400 to 800 ms. Amplitudes were analyzed at a
of fully dressed couples (couple neutral) and fully dressed singﬁymmetrical parieto-central electrode cluster including electrodes
individuals (person neutral) in neutral poses and neutral facia"P1, CP2, P1, and P2. Time window and electrode sites were
expressions. Images for the EPSP were obtained fromw. chosen based on visual inspection of grand average waveforms
shutterstock.comAll pictures were grayscale and displayed in &énd in accordance with prior research<i(hr et al., 2013
size of 640 pixels 480 pixels. Pictures were embedded in colored>chindler et al., 2030To further verify this selection, correlation
frames (red, blue, yellow, green). During the task, participantgnalyses were conducted to ensure that chosen electrodes form
were instructed to indicate the color of the frame by pressing homogenous cluster of neural activity. Amplitudes at all
a respective button on a response pad (MiliK8yMH-5; Lab chosen electrodes correlated signi cantly with each other (all
Hackers Research Equipment, Halifax, Canada). Based on tA& 0.001).
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FIGURE 1
Emotional picture stroop paradigm depicting neutral couples (blue), erotic males (green), erotic females (yellow), erotic couples (red) and neutral
persons (second blue).

2.6 Statistical analyses Di erences between NC and OC women in SE/SI properties
were tested using two-sample t-tests.

Statistical analyses were conducted using IBM SPSS StatisticsModeration hypotheses were tested using Hayes model 3 of
Version 29 (IBM Corp., Somers, NY, United States). Prior td"e SPSS_PROCESS Macro (v 42pyes, 2018with a 95%
analyses, LPP amplitudes were averaged to receive one SCOreb@gt;trappénggpproachl\( - 533031' Si Waj set as the preFjlcltor
erotic (averaged over erotic couples, males and females) and o%% Ean -status were added as mo ergtors, respectlvey_(see

N . Lo Figure 2). Self-reported SF (M1) and LPP amplitudes toward erotic
score for neutral stimuli (averaged over neutral single individual

nd | ) tivelv. For the manipulation check ar ‘ l\é|2) and neutral (M3) stimuli were set as dependent variables,
and couples), respectively. For the manipulation check a repea respectively. OC status was e ect-codedl(= NC, 1 = OC) and

measures (rm)ANOVA (within-subjects factor: stimulus ca‘[egorysE and Sl were mean centered.

two steps) was conducted to assess dierences between erotic

and neutral stimuli regarding LPP amplitudes. As women were

assessed in dierent menstrual cycle/OC regimen phases with Resylts

possible impact on stimulus processirtg (g et al., 2000Dreher

et al., 2007Munk et al., 2018202Q Schmidt et al., 20)2phase 3.1 Manipulation check

e ects regarding the LPP were tested prior to hypothesis testing

by computing rmANOVAs separately for each group (between-  pegarding the LPP amplitudes, there was a signi cant main
subjects factors: cycle phase/OC phase, three steps; within-subjeCis:t of stimulus categoryk 1.g9 = 87.52p < 0.001) p2 = 0.496,
factor: stimulus category, two steps). Regarding FSFI and SE{gith erotic stimuli eliciting higher LPP amplitudes¥/) compared
scores, possible associations with relationship statugqmanski  to neutral onesTable 1). Grand averages are illustratedimure 3.

et al., 2014 Velten et al., 2019bwere tested using two-sample LPP amplitudes did not di er in dependency of menstrual cycle
t-tests. phase or OC regimen phase, @l> 0.05. Single women did
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3.4 LPP amplitudes toward erotic stimuli
in dependency of sexual excitation,
sexual inhibition and OC use

The signi cant moderation model regarding LPP amplitudes
toward erotic stimuli,F 78y = 2.33,p = 0.032,R2 = 0.17 (see
Table 3, indicated a signi cant e ect of Sl as well as a signi cant
FIGURE 2 SE Sl interaction. The three-way interaction was not signi cant
Moderation models for sexual function and LPP amplitudes. indicating that the size of the SE Sl interaction did not di er
signi cantly between OC using and NC women. The signi cant
o o o o SE Sl interaction indicated that, in both, NC and OC women,
oo SE and SI interacted to predict LPP ampliudes. Simple slope
sample, naturally cycling (NC) and oral contraceptive using (OC) women. analysis showed that negative e ects of Sl on LPP amplitudes were
signi cantonly among lowt gg = 3.96b= 1.30p< 0.001, and
Entire medium,t gg = 3.20b= 0.72,p= 0.002, but not among high

(Sna’_“g}g levels of SR,gg = 0.54b= 0.15p=0.592, (seBigure 5.

Sexual excitation

M_sD 274 041 263 042 28 035 = 35| PP amplitudes toward neutral

Range 1.46; 3.83 1.46; 3.46 2.11;3.83 Stlmull |n dependency Of SeXU8.|

ol i i Ly O
exuatinibiion excitation, sexual inhibition and OC use

M SD 2.63 0.50 2.72 0.46 2.53 0.53

Range 1.42;3.75 1.92;3.75 1.42;3.47

Regarding LPP amplitudes toward neutral stimuli, the

Female sexual function index (FSFI) score moderation model was not signi canf.7.gy = 1.72,p = 0.116,

M_SD 2832 420 | 2761 424 | 29.25 4.02 indicating that neither SE/SI nor OC status or respective
Range 18.00; 35.40| 18.00;34.60| 19.90;35.40 interaction terms signi cantly predicted LPP amplitudes toward
Mean LPP amplitudes (in mV) erotic neutral stimuli.

M SD 146 1.09 | 138 1.08 | 1.56 1.10

Range 0.81;436 081,390  0.41;4.36

Mean LPP amplitudes (in mV) neutral 4 Discussion

M SD 0.98 1.07 | 091 1.06 | 1.07 1.08

Range 1.50; 3.65 1.50; 3.55 0.97;3.65 4.1 General discussion

not di er from women in a committed relationship regarding SE, "€ primary objective of this study was to investigate the
tsg = 0.82p=0.412, Skt gg =0.61,p=0.547, or the FSFI score interactive e ects of SE and Sl on self-reported SF and the

tgg = 0.90p=0.370. neural processing of erotic stimuli. In addition, potential e ects

of OC use on SE/SI properties and their dynamic interaction

were evaluated. Regarding self-reported SF, results revealed a
3.2 Sexual excitation and inhibition in negative association with Sl levels, without signi cant relationships

regarding SE or SE/SI interactions. However, when examining LPP
dependency of OC use amplitudes toward erotic stimuli, SE/SI interactions emerged, with
the diminishing e ects of SI on LPPs being attenuated among
%igh SE levels. Moreover, the ndings indicated lower SE in OC
users compared to NC women with no signi cant di erences
observed in Sl levels.

Women using OCs reported signi cantly lower SE as compare
to NC women,t gg = 3.03,p = 0.003,d = 0.65, but did not di er
regarding Sltgg = 1.81,p = 0.074. Descriptive statistics are
presented infable 1

4.1.1 Sexual function

. . In the current stury, women with stronger Sl properties
3.3 Sexual function in dependency of reported lower SF. This is in line with previous studies reporting

sexual excitation, sexual inhibition and a prominent role of Sl regarding sexual dysfunctiorigo(ira

OC use et al., 202pQuinta-Gomes et al., 20@and negative associations
between S| and genital arousala(issen et al., 20G2Hodgson
Regarding SF, the moderation modgly.gy = 3.62,p=0.002, etal., 2015 Highly inhibited individuals exhibit greater sensitivity
RZ = 0.24 (se€able 9, revealed a signi cant negative associationto dampening situational cues, such as relationship insecurity,
between S| and FSFI scores as illustrateBiinire 4. Neither SE, or performance concerns. Consequently, they might feel insecure
nor the SE Sl Interaction or any OC-related interaction term with a partner, experience excessive worry or anxiety during
were statistically signi cant. sexual intercourse and nd it di cult to relax. This might result
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FIGURE 3
Grand averages on electrode P2 in reaction to erotic and neutral stimuliin ~ n = 90 sexually active women in the time window 400-800 ms.

in reduced SF and even sexual dysfunction such as HSDD, ekploratorily conducted a moderation analysis regarding the FSFI
orgasmic and genito-pelvic pain disordePdyne et al., 2005 desire domain. Results showed that SE was positively associated
Moura et al., 2020 In turn, however, prior experience of with desire whereas a negative association emerged regarding Sl.
sexual dysfunctions, such as struggling to maintain arousal or t&s for the total score, no interactive e ects were observed.

reach an orgasm, might lead to increased self-monitoring and

worrying during sexual intercourse, contributing to heightened4.1.2 Neural correlates of sexual excitation and
self-reported Sl. In contrast to earlier researctar(ssen et al., jnhibition

2002h Clifton et al., 2015Hodgson et al., 2016velten et al., Contrary to the results concerning SF, a signi cant SE/SI
20199, no associations between SF and SE were observed in {igeraction e ect emerged regarding measured LPP amplitudes.
current sample. Di erential analytic techniques, i.e., correlatiorHigher SI was associated with dampened LPP amplitudes toward
vs. multiple regression, might underlie these inconsistenciegrotic stimuli, this association was, however, attenuated among
Furthermore, SE properties might be more strongly associated witiigh SE levels. This suggests that strong excitatory properties
speci ¢ facets of SFNolet et al., 202l Whereas SE dynamics might help individuals to overcome inhibition. The implications
(i.e., being aroused or “turned-on”) are mainly represented in thef this nding are twofold. Firstly, the observed SE/SI interaction
desire domain, Slitems demonstrate strong content-related overlaupports the theoretical assumptions of the DCM framework
with the FSFI domains arousal, lubrication, and orgasm. This coul@anssen and Bancroft, 2Q2¢hat predicts interactive as opposed
explain the higher relevance of Sl regarding SF. We, therefore independent SE/SI e ects. This might also clarify why
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TABLE 2 Moderation analysis for the female sexual function index (FSFI) TABLE 3 Moderation analysis for the LPP amplitudes toward erotic
total score (Hayes Model 3). stimuli (Hayes Model 3).
b [LLCI, SE t p b [LLCI, SE t p
uLCl] uLCl]
constant 28.27[27.37, 0.46 64.74 <0.001*** constant 1.54[1.33,1.76] 0.11 12.96 <0.001***
29.16
! SI 0.71[ 1.21, 0.27 2.78 0.007**
Sl 3.27[ 5.16, 1.05 3.77 <0.001*** 0.17]
1.01
! SE 0.16[ 0.76, 0.30 0.49 0.626
SE 1.20[ 1.28,3.76] 1.28 1.06 0.291 0.43]
Sl SE 1.25] 8.26, 2.84 0.23 0.818 Sl SE 1.32[0.20, 2.42] 0.56 2.47 0.016*
3.02
! ocC 0.09[ 0.31, 0.11 0.69 0.494
ocC 0.37[ 1.26, 0.46 0.76 0.449 0.12]
0.53
! SI OC 0.16[ 0.73, 0.27 0.63 0.529
SI OC 0.47[ 2.78, 1.07 0.45 0.657 0.34]
1.55
! SE OC 0.04[ 0.64, 0.30 0.22 0.830
SE OC 1.07[ 3.52, 1.28 0.99 0.323 0.57]
1.48]
SI SE OC 0.15[ 1.28, 0.54 0.13 0.894
SI SE OC| 0.13[ 4.32,7.27] 2.84 0.26 0.799 0.88]

***p < 0.001. LLCI, lower limit con dence interval; ULCI, upper limit con dence interval; *p< 0.05, *p< 0.01, **p < 0.001. LLCI, lower limit con dence interval; ULCI, upper limit
SI, sexual inhibition; SE, sexual excitation; OC, oral contraception status. con dence interval; Sl, sexual inhibition; SE, sexual excitation; OC, oral contraception status.

shame or social desirability as it cannot be consciously perceived or
in uenced and is measured non-invasively.

Secondly, the results point toward an important role of
inhibitory mechanisms in erotic stimulus processing. This is
crucial, as most previous studies focused solely on the role of
excitatory properties in attending to and processing of erotic
stimuli (Prause et al., 200&arvalho et al., 2018anssen and
Bancroft, 2028 However, previous research had already indicated
that Sl is equally relevant regarding stimulus processingner
et al. (2019, for example, reported higher stimulus avoidance
regarding erotic stimuli in high Sl individuals. This nding is
in line with the lower LPP amplitudes observed in the current
study. Aguiar et al.(2029, however, observed heightened initial,
S automatic attention to erotic stimuli, as measured using N200
Mean female sexual function index (FSF1) score in dependency of amplitudes, in association with high SI. While these ndings seem
sexual inhibition of n = 90 sexually active women. contradictory at rst, they not necessarily are. Inhibitory processes
are necessary to suppress sexual responses in circumstances where
they could be inappropriate or even dangerous. Highly inhibited
individuals might, therefore, demonstrate stronger associations
inconsistencies regarding SE/SI e ects were observed in prigfatween sexual cues and feelings of danger, worry and anxiety.
research Rrause et al., 200€arvalho et al., 20)8While most  |ngeed, individuals with sexual dysfunctions express more negative
previous studies did not consider interactive e ects, a signi cantyytomatic thoughts regarding/during sexual activit(ares et al.,
interaction has also been noted in a study\bylten et al (20169 202(). Due to these threatening associations regarding sexual cues,
reporting a positive association between SE and genital arousgyhly inhibited individuals might display heightened vigilance to
among low levels of Sl but a negative association among high §lich cues, resulting in increased initial processiagi(ar et al.,
levels. The authors concluded that inner con icts resulting fromzozg_ As a result of this increased early awareness of erotic
high levels of both forces could underlie this interference e ectcontent, highly inhibited individuals might experience a strong
Conversely, our results suggest a compensation e ect in that higguppression of approach behavior toward erotic stimuli as observed
SE levels bu er diminishing e ects of high SI. The dierential in the negative association between Sl and LPP amplitudes. As the
pattern compared to the/elien et al. (20169 study could be current study focused on motivational rather than early attentional
attributed to the di erent outcome measures (genital arousal vSmechanisms associated with SE/SI, the N200 component was not
neural reactivity) and the invasive procedure required to assessnsidered. This component is usually examined within speci ¢
genital arousal, i.e., by means of a vaginal photoplethysmograptgxperimental tasks, such as the oddball task useddayar et al.

This might be especially uncomfortable for highly inhibited (2023, anker tasks or go/no-go tasks eliciting response con ict
individuals and could explain their decreasing genital arousal witlor response inhibition folstein and van Petten, 200&hile such
increasing SE. Neural reactivity is, however, less likely impacted byects can be observed in “traditional” Stroop Taskspmas et al.
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(2007 have previously shown that Emotional Stroop Paradigms arkeightened inhibition might drive the selection of a highly

unlikely to elicit relevant N200 e ects. Nevertheless, it is importane ective contraceptive option, empowering women to feel in

to note that both early as well as later stages of stimulus processiogntrol of their reproductive choices. The initiation of OC

seem to be impacted by propensities for Sl. use could then potentially lead to reduced sexual excitability.
Furthermore, Aguiar et al. (2023 observed a positive However, elevated Sl levels could also be a secondary outcome

association between Sl and N200 amplitudes in response to erotit reduced excitability following OC use as the loss of libido

as well as to romantic stimuli which depicted dressed coupleight resultin interpersonal con ictin relationships or discomfort

in intimate situations, but not engaging in sexual intercourseduring intercourse Geonet et al., 2013Villoughby et al., 2014

In the current study, the overall moderation model regardinglt is crucial to note that these proposed associations remain

neutral stimuli was non-signi cant. However, we visually notedspeculative, and longitudinal studies are needed to explore possible

a SE/SI interaction that was similar to that observed regardingevelopmental trajectories.

erotic stimuli. That is, LPP amplitudes decreased with increasing Moreover, observed OC e ects are also relevant regarding

SI, but this e ect was attenuated among high SE levels. Ori@ported gender dierences in SE/SI with typically higher SE in

possible explanation for this pattern is that erotic stimuli are alsénales compared to femalesqrpenter et al., 20Q85ranados

inherently social stimuli. Correspondingly, SE/SI scales overlapf .. 2020) These established gender-based patterns should

with behavioral activation (BAS) and behavioral inhibition (BIS)Pe re-evaluated taking into account the potential in uence of

scales that describe general approach and avoidance tendendl@gmonal contraception.

(Rettenberger et al., 201Bartova et al., 2031 Moreover, sexual

dysfunctions, which can also be predicted by SE/SI properties, are . . . .

associated with social anxietyifueira et al., 20GBodinger et al., 4.2 Impllcatlons and future directions

2002. Individuals high in SI might experience a general tendency

toward social inhibition and social insecurity, as indicated by their

fear of negative judgment regarding sexual activity or performanc@attern. as suggested by increased N2dQu(ar et al., 2023

It is, therefore, reasonable to expect associations of SE/SI wifid reduced LPP amplitudes observed in our study, has not

processing of non-sexual social stimuli as well. been systematically examined in association with SE/SI or sexual

For low SI levels, the current results suggest relatively |0Wéirysfunct|ons: It 1S, however, common in anxiety disorders,
neural reactivity for women high vs. low in SE. In accordanc&Uch as social anxietygoels and Mansell, 200¢assilopoulos,

with Hodgson et al(2019 and Prause et al(2009, this could 2009, which have a high comorbidity with sexual dysfunctions
be interpreted as habituation or boredom e ects resulting from(/2 Lankveld and Grotjohann, 200GFigueira et al., 20G1

increased exposure of this group to sexual stimulus material. .I_aure.nt and S|m.on.s, 20N9Future research should, thergfore,
investigate associations between SE/SI or sexual dysfunctions and

4.1.3 Associations of oral contraception use with S:{;lg:l:;i:;asaetste?;serotlc stimulus processing in order to reveal
sexual excitation and inhibition properties Reported results also have implications for the development

To the best of our knowledge, e ects of OC use on SE/Sk¢ yreatment options for sexual problems. This is especially
properties have not previously been studied, therefore, ouporant, since sexual dysfunctions are common, whereas
ndings are especially important. They suggest an associatiof5jjaple treatment options are still sparse, speci cally for women
between OC use and attenuated excitatory properties, alignir*(g/mcme et al., 2016Veinberger et al., 20)9In recent years,
with preceding studies reporting decreased sexual desire in Qfere is increasing awareness that, within the DCM framework,
users fethraeus et al,, 2016luang et al., 2090 A reduction i high S| underlying sexual dysfunctions could require di erential
free testosterone, a gonadal hormone which is relevant regardifgatment as opposed to low SE. Correspondingiygls et al.
sexual motivation\(Vu et al., 202}, is suggested to underlie such (201 tested distinctive drug treatments for HSDD depending
e ects, although supporting evidence is inconclusivergham on the strength of excitatory vs. inhibitory properties. Women
et al., 2007 Zethraeus et al., 20).6Earlier research has also with low SE received testosterone in combination with a
indicated reduced SF and erotic stimulus processing in OGhosphodiesterase type 5 (PDE-5) inhibitor. Women high in
users (Vallwiener et al., 2030Abler et al., 2013Monciunskaite 5| were treated with a combination of testosterone, to increase
et al., 201p However, our moderation models did not yield sexual motivation, and a 5HE receptor agonist, to reduce
signi cant OC e ects, consistent with the mixed results in this inhibition. Both treatments showed bene cial e ects regarding
eld (Schar, 2006 Schmidt et al., 2092 These inconsistencies SF (see als@ancroft et al., 20G9Bloemers et al., 201i%an
highlight the importance of considering psychosexual variablegooij et al., 2013 Our results strengthen the notion that a
such as SE/SI in sexuality research alongside biological predictessmbined approach, simultaneously fostering sexual motivation
like sex steroid concentration or OC use. They, furthermoreand reducing inhibition, might be advantageous for highly
pose the question if SE/SI properties undergo changes upanhibited individuals. Studies assessing associations between SE/SI
initiating OC use, or if, in turn, SE/SI properties might in uence and individual di erences in endogenous sex steroid (i.e., estrogen,
contraceptive choices. A reduction of SE following OC initiationprogesterone, testosterone) or neurotransmitter (i.e., dopamine,
could be a plausible explanation. However, our results revealegrotonin) function could be relevant in identifying possible
a statistical trend [ = 0.074) toward higher Sl in OC users vulnerability factors for sexual dysfunctions or risky sexual
compared to NC women. While it is rather unlikely that low behavior and corresponding treatment approaches(ton, 2010
excitation triggers the choice of OCs as a contraceptive methoé,ihn and Gallinat, 2016

To the best of our knowledge, a hypervigilance-avoidance
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FIGURE 5
Mean LPP amplitudes in mV toward erotic stimuli in dependency of sexual inhibition and sexual excitation of ~ n = 90 sexually active women.

With regard to psychotherapeutic techniques, mindfulnesslepict aspects of sexual interactions directly related to Sl (e.g.,
interventions have been proven e ective in improving SFpain, judgement, risk of pregnancy/STDs), or SE (e.g., unusual
(Silverstein et al., 201IMilani et al., 202). They could aid settings, dominance). Hence, using a greater variety of sexuality-
in decreasing mind-wandering and worrying during sexualrelated stimulus material (positive, negative, high vs. low in context
intercourse and thus ultimately reduce inhibition. They could bedetails), or more explicit stimuli depicting di erent stages of
paired with interventions strengthening positive and rewardingsexual readinessH(berman et al., 203 would be insightful.
associations with erotic stimuli such as cognitive restructuring, ofn this regard, implicit measures of stimulus processing could
sensate focus in accordance with Masters and Johnsarsiers  be paired with explicit stimulus evaluations (i.e., valence and
and Johnson, 1970Leiblum and Wiegel, 2002Brauer et al., arousal ratings). Such ratings were collected in the current study,
2019. For development of such interventions, studies assessim@wever, we they were not included in the present analysis.
associations of SE/SI with sexual cognitions, including positivRs part of an extensive research project, dealing with e ects
or negative automatic thoughts during intercoursex(ares et al., of menstrual cycle/OC regimen phases, women were assessed
2020, would be insightful. in three di erent cycle phases. To exclude e ects of conscious

Regarding pharmacological as well as psychotherapeutigimulus evaluation on stimulus processing, ratings were collected
interventions, ERP techniques could be a valuable approach ghly on the third measurement occasion. Therefore, ratings
evaluate treatment success, as they are less impacted by sagi@le not included in the present analyses due to the dierent
desirability, or other confounding factors, such as shame, compargfleasurement occasions on which ERPs vs. ratings were collected
to self-reports or genital measures. They could also be usggt1 vs. T3). Furthermore, the fact that stimuli were only rated
to identify specic mechanisms of action and, thus, improveafter repeated exposure could also have aected the stimulus
treatment options for a ected persons. evaluations, especially for subjects prone to SE who might show

Concerning methodological considerations, future studies oRtronger boredom e ects. Further studies are, therefore, needed to

SE/SI would bene t from incorporating eye-tracking measureseyamine the role of interactive SE/SI e ects in predicting subjective
Former studies in individuals with sexual dysfunctions notedstimulus evaluations.

di erential viewing patterns of erotic scenes, i.e., greater focus

on background or context details compared to sexually explicit

stimulus features Lykins et al., 2011 Velten et al., 2021

Correspondingly, individuals with di erent SE/SI properties might 4.3 Limitations

focus on dissimilar stimulus features, although this has not

previously been examined. As eye movement patterns were not The current study is among the rst to examine the
assessed in the current study, we cannot rule out that di erentialDCM using ERP techniques, o ering valuable insights into the
viewing patterns underlie reported results. Furthermore, interactivpotential association between altered stimulus processing and
e ects of SE/SI might be more pronounced when used stimulSE/SI in the context of sexual dysfunctions. Nevertheless, some
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limitations have to be considered when interpreting and applyingcompared to the SIS/SES-SF, the SESII-W also demonstrates better
reported results. psychometric properties in female sampléem(igson et al., 2016
Primarily, an exclusively female sample was analyzed. Givérelten et al., 201Gd&ettenberger et al., 20lThe SIS/SES scales,
the di ering social stigmas and norms associated with male antiowever, di erentiate two aspects of Sl further, namely a SIS1 factor
female sexualityfmmerink et al., 2015 typical gender di erences that assesses Sl due to threat of performance failure and a SIS2
in SE and SI, where males tend to exhibit higher SE and lowéactor assessing Sl due to threat of performance consequences. Use
S| compared to femalesC@rpenter et al., 200&ranados et al., of this scale might, therefore, be bene cial in evaluating the speci ¢
20201, as well as evidence suggesting that SE and SI relaiepects of Sl that are associated with stimulus processing.
di erently to sexual behavior in males and femal€s¢nados et al.,
20200, it is essential to recognize that SE and Sl may have distinct
implications in males as opposed to females. 5 Conclusion
Moreover, the present study focused on a healthy sample,

W.IthOUt any physical or psyt.:hologlt.:al.health condition, |.nclud|ng The current ndings highlight the importance of interactive
diagnosed sexual dysfunction. It is important to consider tha

R . . . . E/SI e ects, providing additional psychophysiological evidence
results in clinical samples might di er and necessitate additional P 9 pSychophy g

o . supporting the theoretical assumptions of the DCM. The
research. However, it is noteworthy that around one third of our pp 9 P y

- are, furthermore, also relevant regarding the understanding of
sample scored below the clinical cuto score of 26.55 on th emale sexuality and related dysfunctions. Reported ndings ma
FSFI {Viegel et al., 2005 indicating potential similarities with y Y - Rep 9 y

. L .. guide the development of targeted psychological interventions
ndings in clinical samples. Furthermore, analyses were limite . . . .
addressing such dysfunctions. While sexual dysfunctions seem to

to sexually active women to avoid confounding of OC statu o ) . S . .
and sexual activity (due to the higher proportion of sexually%e primarily predicted by high Sl, individuals might still bene t

active women in the OC group). This sample selection allowefdom therapeutic interventions that strengthen excitatory forces.

to distinguish OC e ects on SE/SI properties, sexual function an he association of OC use with diminished SE properties is

LPP amplitudes from those related to sexual activity but resulte[ﬁ!oteworthy and might have implications for managing low sexual

. . . de:?‘ire and sexual dysfunctions in OC users. Additionally, observed
in a decreased overall sample size and unequal sample sizes 0

the NC and OC groups. Thus, groups might have been too smajroup di erences in SE are also relevant regarding reported gender

to detect OC related di erences in SE/SI dynamics. Furthermored,I erences in SE/SI properties. Collectively, these ndings enhance

women reporting no sexual activity within the last 4 weekLYr understanding of the dynamic interplay between SE and Sl and

reported signi cantly higher levels of SI compared to sexualb;heirimplicatic?ns for psychological interventions in the context of
active women, therefore, the dynamic interplay between SE/é‘?male sexuality.

might be shifted toward inhibition. We, therefore, exploratively

conducted moderation analyses separately in the sexually inactive

women. The overall model was not signi cant (possibly due toData availability statement

the small sample size &f = 24). Visually, however, we observed

a SE/SI interaction pattern that was qualitatively di erent from  The raw data supporting the conclusions of this article
that observed in the sexually active women. In sexually actiwgill be made available by the authors (JH), without undue
women, LPP amplitudes decreased with increasing S| and thigservation.

e ect was attenuated among high SE levels. In sexually inactive

women, LPP amplitudes decreased with increasing Sl but only in

those low in SE. In women high in SE, LPP amplitudes inghtIEthiCS statement

increased with increasing Sl. Due to the small sample size, these

results should be interpreted with caution. They do, however, L .
. . . . The studies involving humans were approved by the Local
suggest that erotic stimulus processing could be inuenced b

. . . _Ethic Commission of the Faculty of Psychology and Sport Science
sexual activity. In future studies, larger samples are requwea Justus-Liebia-University Giessen. Germany. The studies were
to further assess the possible impact of OC use and sexuatl 9 y ' .

o . . . cpnducted in accordance with the local legislation and institutional
activity on SE/SI dynamics. These should ideally include equa 9

. . . . . {equirements. The participants provided their written informed
proportions of sexually active and inactive women (using or no

. . ; consent to participate in this study.
using hormonal contraception) because research comparing erotic P P y

stimulus processing in sexually active vs. inactive individuals is
generally scarce. . .

Additionally, it is important to note that the SESII-W scale AUthOr contributions
for females Graham et al., 20G6/elten et al., 2016awas used
in the current study, whereas\guiar et al. (2029 used the NS: Conceptualization, Data curation, Formal analysis,
SIS/ISES scales that are applicable for male as well as femalestigation, Methodology, Visualization, Writing — original
samples {anssen et al., 2002dhe SESII-W was chosen in the draft, Writing — review and editing. JH: Conceptualization,
current study because it was speci cally designed to assess aspdétshodology, Resources, Software, Supervision, Writing —
relevant for female sexual responses and also because it has besmew and editing. AM: Conceptualization, Funding acquisition,
widely used in studies focusing on exclusively female sampl&sethodology, Project Administration, Resources, Software,
(Clifton et al., 2015Velten et al., 2016dsranados et al., 202a  Supervision, Writing — review and editing.
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