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A total of 67 women with PMDD and 75 controls were
recruited based on the psychiatric diagnostic
interviewing and two-menstrual cycle follow-up. The
behavior evaluation demonstrated that women with PMDD
have higher depression, hostility, anxiety, food
craving, behavior inhibition, and stress than the
control group. Further, these associated symptoms
exacerbated significantly in the premenstrual phase.
The polymorphism analysis demonstrated that the
interaction term of 5-HTIA and ESR «a -Xbal
significantly predicted the risk of PMDD. Stratified



analysis suggested that subjects with the GG genotype
of 5-HTIA had a 4.82-fold increased risk of PMDD than
C carriers of b-HTIA among G carriers of ESR « -Xbal.
Furthermore, the interaction term of 5-HT1A and ESR
a -Xbal also predicted the severity of premenstrual
symptoms and cardinal symptoms, such as depression
and irritability, in the premenstrual phase.
Cognitive analysis demonstrates the premenstrual
decline of WM and cognitive control among women with
PMDD. The GG genotype of HTR1A (rs6295) associated
with poorer premenstrual WM. Further, GG genotype of
HTR1A (rs6295) determine the vulnerability to the
menstrual effect and PMDD effect on cognitive
function. The brain imaging analysis demonstrated
that women with PMDD have a lower brain activation
over superior frontal lobe than control group when
processing working memory. On the other hand, women
with PMDD have a lower brain activation over
posterior cingulate/precuneus in premenstrual phase
than follicular phase when processing working memory.
This also support the working memory deficit
vulnerable to the effect of menstrual cycle. y using
integrated analysis of behavior, cognitive, hormone,
and imaging data, this presenting study demonstrated
a possible psycho-neuro-endocrine mechanism of PMDD.

#~ MeEi® :  PMDD, progesterone, estrogen, working memory, food
craving, polymorphism.
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(1) gw 2 fepid s 28r2 3 T FERFERET A fRg B R P2 B L
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B R icrms W HRBE R TIOMBEARBEE AL A B “f EEEN R s R
EHMET A REL A EATTE B pl4e MRl RBLREE G o ﬁ@%iwkmﬂ
2P ER V- HAEFHEAREREF LA G #bﬁﬁgm?— R’ G E’HNE‘F g
Plegpz RopWE o 2 E L MR BB ST 7 }m)fg emotional gonogo 2. ¥ &
(Protopopescu et al., 2008) » e H # £ B € & 2 4 54 F B > 407 4% emotional
process i& T L 0 » A3 R A g2 R TV 2 E2 REL BREA
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(2) s % “T4 w2 & ¢ 12 7§ Km acute tryptophan depletion = 5% 7 fg & K o4 % “E
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2. BEAREE G ME D A fEEL FARY a:é%\» B SEFEN R R L M L R
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WREEEF I IR A m]ﬁ_,%'fr?"gﬁc%\ P WE - BT o
(1) sy mfawik: 3 5 - F 7 %2 CH 7 feog @ik B o (Masho, Adera, &

(2)

(3)

(4)

South-Paul, 2005) - “f 2 AETRRETRT SR A RELF R MY G RS 2
BMI(Yen et al., 2010) » = 5 P Agz a4 BRI % » A H {22 G > F EF LW HF RE
P %47'/51:1‘\ &K#‘Jﬁ SHRT AR > By AR o St SRR
EmA PR b F A AT R B RANET T REZ R o Gi CE BRSO
Hoplatdyrvagwity i (AFTERBRFER? 2FT48) & s h Rz i
2R AFE s ST hRL SR A Rt £ R F 2 - o 2 L RET A
'}%:}jzi,é_‘i‘*““g Rl g Az apERit 283 ¥;P"’ﬁ EGEER - RN E O e
ey ﬂ#/%#p Moo R S AT 0 RS R ek B {5 P & (Reed, Levin,
& Evans, 2008; Yen et al., 2010) o RFE F|ZEPE L P o R AFIES L E"fhr o d AT AL
BEEHE AR T8 s 2 5 7% (Berthoud & Morrison, 2008) > s e
7 L TARE g igiE (Tﬂiﬁ%’:‘eﬁ’% ER DR S QRY-LNi §3 Z@eﬁ%:@% Fe)~%
FiE g5 (4o Ghrelin )~ 2 ¥ 7% & (4 leptin) - “f plz b s HApR TR ¢ 5 R
# (emotional eating 2 %48 ) ~ *» 5k ~ £ $.45%F (impulsivity or lack of self control)
&3 % %1% (Suzuki, Simpson, Minnion, Shillito, & Bloom, 2010) - = Hig » £ & % > a3
AEGEFRT R LT - ERFF o KA ok wﬂm&~ﬂﬁﬁ%ﬁ"%ﬁ ERCRE N
wiﬁﬂoa’#%ﬂ%%ﬁ%fﬁﬁ’Bﬂwﬁ¢9¢m°a$lﬁ&eﬁﬁ%mﬁ
G RERFEAF AR (BALRESL TN ) # R RS (L P TS )
FEEAITCEWRAZBRFEFRZFEDIDE > LFEAFHEFIREL Y SHH L
bio-psycho-social 2. # & F]% > M fEED 3 g iR SR h RV 2 B T iF 505
;}%ggqgﬁwaia f;;b%o
RATH R R AT ENEL L AP EF TR E R S0 A RERFED 24T
TRy BF2LTE o R ME R £ 8 (under submission) - ¥ Reed & % 2 7 3
%% - k(Reedetal.,2008) > P pF» 1 iF2eR TR ES KE A2 Moo B3P W
%ﬁ’ﬁﬁxmﬁ&gﬁﬁﬁlmc%1%7&@m%?po%)@ip 0 i der
2GR A PR OMRAH A T REET A SRS TR s AR 5
g TR LFREFLEE A AT FENLFY c AT R R A R M 2 AT
PR RE AR 2 LR LR REFE TR T R AN BE > 1T
TN E M2 ARG
L bzt V) SR RIS AR U R S N £ I LN L2 A B I LA o F
('submission to CNS spectrum under secondary evision ) e BF > &k R AR AT R P
Zomedp o iz H v - BOAAIED A RE & | R A2 7y % o WS
GRTE oL B B2 TR N F A F.QIV'/H T PR R RGE- KRB
By BEAY T R rEe dp Ak a2 B
Freghiet £o 3 fephl 2 FRARBEE L& RE LSV EHR DR p AL
- o EREERIEET N R EME- E LT RERREE L K24 (De et al,



2005) e @ & R E Y - BER 2 AT oo vk ¢k ’Eﬂi‘iﬁi?@—i 2R RSB G

PREELERET BEFL L RRE Lel_fiﬁé% Bor oo g 3 g fosF RS
FHFOMS LAHEIATHET S0 A REERA EKZE FREF T M (Yamamoto,
Okazaki, Sakamoto, & Funatsu, 2009; Cahill, 1998) - #7112 » =8 _ ZF &7 > 5o 2 gt §
WP HIFEDFIRIcF Biv 4 a3 BFma Ra o "f TREGE Y > BT A
BEHERFRD G SRR - AW SBEF TR R EFFr 2R 27 8- s
ﬁ@@%ésﬁki&@ﬂ\mm“%ﬂ’%?M%%%@ﬁ%ﬁﬁ%wﬁﬁ;#@i
P mg e BEARE RS R TR S B o

3. AT A2 FFE kg Poiana F A2 W RIEWARET ANE LA BA LB ES

Ferifl > A HED 2T RE2Z AF I AT EF LR LT R0 WL TR T 4o
FORER o AP wARE ST A AR MR G M AF S FL AE 2
3 MR ipdt A Fle 4
(1) £ Estrogen receptor 4p B 2. L #] ¢ estrogen receptor alpha gene % % =t A3 &2 5w 7 i
B Moo AET M- A A TR R 0 suAH o 24 58 F R B(FMRI) £
2. B B o
(2) & serotonin 3 B 2 A& %] % 4]+ 5-HTTLPR, 5-HTR1A, Tryptophan hydroxylase 1 %
MAOA
A. 5-HT transporter gene (SLC6A4) promoter polymorphism (5-HTTLPR): &_& ¥ #3482 &2
BEEF M2 AF2 - > B SRR 4R 425 M (Verdejo-Garcia, Lawrence, &
Clark, 2008; Savitz & Drevets, 2009; Way & Lieberman, 2010) -
B. 5-HTRIA: *Ew F 4 €& A% 5 342 - > PR LEF @R 2 Fh 4] 7
i¢ (Benko et al., 2010; Way & Lieberman, 2010) -
C. Tryptophan hydroxylase 1 (TPH intron 7 A218C polymorphism):£2 . /% 2. 4 = 3 B > #
FiFz b §RFLEBER - $%ﬁ&~uaAﬁ%@pwo
D. MAOA(30 bp variable nucleotide tandem repeat): i # 4R £ 22 & 8 ~ AL 2 AR ~ B fiFds
#4175 B (Passamonti et al., 2006; Kinnally et al., 2009; Savitz & Drevets, 2009) -
(3) ¥ Norepinephrine § B 2 & %] : 7 3 2083 7 3 S RET A g 2L LRk 2+ ik
o MFIRE B E LT A RELTF Iﬁ‘u\.}i# - AL AL REEFER
M AT 5 A2 % > Norepineprine - EARREEERET M > WAL mAFED 2R
JiE 22 norepineprine £ %] % A M2 BB o
A. Alpha-2A adrenergic receptor(ADRA2A): ¢+ A %] 5 4|42 frde ~ jeds e 7 B (Levy,
2008; Prestes, Marques, Hutz, Roman, & Bau, 2007; Comings et al., 2000) o
B. Dopamine B hydroxylase (DBH) genetic polymorphism rs2519152: H # 32 & & # 3t
dopamine # % norepinephrine » # £ & 5 B (Hess et al., 2009) -
(4) BRA F s M2 A FIAT Y AR qu B ehw B2 g2 KT SRl
# % > ¢ 3£ CREB, BDNF, CRF and PDNY -
A. c-AMP response element binding protein (CREB): & - i # 3% trascription 2 39 & » ¢
PR AR AL AR PR S hE & 2 - (Briand & Blendy, 2010) -
B. Brain-derived neurotrophic factor (BDNF) val66met polymorphism : BDNF »+ & 4 & Jig 4>
AL &2 & ¢ (Briand & Blendy, 2010; Pardon, 2010; Ghitza et al., 2010) -
C. Corticotropin-releasing factor(CRF ): CRF 2_ it # % &i& ACTH 2 ##3c> & 2 58 cortisol
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2_4 % (Briand & Blendy, 2010) -
D. Prodynorphin gene (PDYN) promoter: dynorphin/kappa opioid system #t:% 5 & /B 4 &~ &
FPiFis B 4tan s ¢ (Briand & Blendy, 2010; Bruchas, Land, & Chavkin, 2010) -
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AL

1. “EF 33281 AF7EFLPF TN FHET A RBEEFTREZNE « 277

FRHEEATS A M BEE A CRGE L BFFEREY) RTR% 2 FRE
R2FE R RIEOIFEHE G BEE 2 RET K2 pFE
2. AP EPHED A RELFALRE PPLFRFLEE RHBEA LR - B
TATIS AR B S R M £ B R R AR M e i A 2R
Mo pm T2 1B PSR
(1) & 4 % fogr e nk
(2) b 41
(3) e
(4) 1 iFze ik in (TR 2 5 i &)
(5) &4 F I
A RS REE 2 e g

a Bl R R -FpREeREARREEIET o gEFLL o
b. &P g¥Hkz -t - Bpkls 20T 0 NAZES I L A
g id A FE
B. %pm\#u% EREN
a A&7 R
b. PRL* iz = 2_ psychotropic medication ~ #¥ % % % 22 &4 o
C. RV ERIMAp L ES2EAR
d. & B R R AR A RIEA & 0 B B~ & BT A R E sz Sk
P EEREFATL M PIRZ B X -
C. M3 A3k padityk
- o g
(1) ErE g 3H1 &
A &% % RpZ ¥k ¥ & (Diagnostic schedule of Premenstrual Dysphoric disorder based
on DSM-IV-TR) : iz 43 DSM-IV-TR PMDD research criteria # & 2. X BRI
L PETE D 2 R Ry o
B. " 2 i Ed SHA LU ELEP -5 % MINI(The Chinese version of the
Mini-International Neuropsychiatric Interview (MINI)): MINI % Sheehan iz y5 DSM-IV #¢
2 Jfp it £ ¥ra L (Sheehan et al., 1998) » #7314 & % MINI 1% 5 £ ¥ 35 B
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(2) # 5 MHeiRd B

A. 2 3DSPGR 2 = ;% 4c b 2 H#® szaf oo T L S SR B IR KR o 1Y
EPI i 5 Jo & # i Meidk:d 8282 2. 1 & - gradient-recalled echo planar imaging (EPI)
sequence (64X64 matrix; 24 cm field of view, echo time [TE]= 35 milliseconds; repetition
time [TR]=2 seconds; 3-mm thick slices with 0-mm gap) - ' 8 » 452 PF ¥ » Jjx & # 1+ EPI
2_3 5 > 11 4 47 default model -

B. #5&»n MEkE X Fﬁj‘i#“‘f L) BREZ LA R SRR E 0 B
Har B OB I y2) Eimz2 £t~ 5 3) # i MEidRid 822 contraindication : 4k %
TRZE S X F 'ﬂ AP W PR T 4y ,\?’mgnﬁ fL 2P fRA BB o

C. # i PR B2 7 % Bl& (™ presentation ik 83K 35)

a. Cue induced craving paradigm : i J3 cue induced carving model » %= ~ B [} 1§ 2 i@
* 2_event related design » %3+ * 60SEF & 2 p SRR P IFL TR AL
P30 kG F S F i RJILE & E SRS LA neutral stimulationo..%i pseudorandom
A AR F o BRIEFER jittered 5 3-8 F) o CRBEAT W 0
BEREJANFHEN AFF s BERF & %ﬁt“ il a#‘}fni‘\i ok e

b. N back task:x#=3 55312 N 2 back 53 plE 1 iFafiz 1 £ o Aplde b7
NO(g ] 0 % 4%42)% N2back task (4 7 I e s m I R2 8T €47 NP
7 #4 eg. 0-1-2-4-2-F-4=) % N3 back task » 12 block design %3+ > 12 N2 back
block — NO back block % N3 back block — NO back block ~ % ¥t R &2 3R 2 1
Tie 2 "or i o

c. Go/Nogo Paradigm: 1z 0-5 z \ﬂ E D “ lﬁﬁf:-} VIR 02 f)F IR 103 4 (M H
@ jittering) > 2 ik FlEF F e boddde R A 5T 27 7 #7480
i trials» # # 3 80trials % # 4% - Mﬂ 1 #-% & 3#F 2 reaction time, commission
error, and remission error - % 3 12 Go/Nogo ¥ & ﬁ%@ response inhibition 2.1 & >
4 & 2 commission errors Z_ =< #c & ik commission errors A% % » N L AXREE
response inhibition 4* F50 b 75 % & impulsivity 2 # o srpt g ¢ s i1+ (Nogo
trials) - (Go trials) ¥ 1 j& {% i& {7 response inhibition 2_ "&giE 44 o 1By fRFRAE A 1
% # response inhibition > F £ & 2. & 4 o

d. 332 pls% (emotion processing task) : 12 event related z. = V3% 3t > EBf &
T (BE) o T RILFE Y i ¥e AR £ 60 3% > 11 pseudorandom
R VR R ,%"gc} HHEF B2~ %E i kB2 PMDD »r g+ R &g 24
SRS R

R) AF A7 G ELRE -~ i~ Bh o 3 AR nbt%&?#ﬁp Bz A4 SBESF (4o
dopamine, serotonin, norepinephrine ) z_ & %] % 4|1+ o & $&:

A. £ Estrogen receptor 1p k¢ 2_ 7k ] : The estrogen receptor alpha gene

B. ¢ serotonin 7 B 2 A& F] % 3]+ 5-HT transporter gene (SLC6A4) promoter
polymorphism (5-HTTLPR) ; 5-HTR1A ; 5-HTR2A ; Tryptophan hydroxylase 1(TPH intron
7 A218C polymorphism) & 2

C. £ dopamine 7 B 2 X %] % 4|+ Catechol-O-methyltransferase Val(158)Met
Polymorphism (COMT)

D. ¢ Norepinephrine 3 & 2 2 ¥ : Alpha-2A adrenergic receptor(ADRA2A) ; Dopamine 8
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hydroxylase (DBH) genetic polymorphism °
E. ¥ Monoamine 3 B 2 2 %] % 4|1+ MAOA, MAOAVTNR
F. &#®R4 & &5 B 2 & F]: c-AMP response element binding protein (CREB ) ; Brain-derived
neurotrophic factor (BDNF) val66met polymorphism ; Corticotropin-releasing factor
(CRF) ; Prodynorphin gene (PDYN) promoter -
(4) 2 275375
A. P A b dE % ¢ estrogen, progesteron, LH, FSH
B. &2 a4 hiiah i 5 : Leptin, Grelin (&84 {53 &)
C. BMI s %
OEELEE
A FRED 2 Rp2H i
a. &gk f ¥ £ & (Premenstrual symptoms screening tool; PSST): & & £ d Steiner
EE G GEETRAARRYLERIL AT D X E P FHED > RFRE
DSM-IV-TR z_# 4! 1% 8 {& # %r(Steiner, Macdougall, & Brown 2003) > » & % ¥ i% %
G Em A fepz 18 o
ERERF TR HE S R d ABIF&Sp DSM-IV-TR #08 B > 444 11 5
Mo 14T RERERRE > TEFFERILIE > UEH2 B R o
FEIRY BT o
R R R % N
a. ¥» >3 CES-D 88 E % : d 8% £ 3 & (Chien & Cheng 1985) » * m =i i3 —
BAATY B RS o fcdxs A LA B A4xE - (Yangetal. 2004) -
b. Penn state worry questionnaire (PSWQ) : * k=% £ m#2A » % 7 4 Likert’s sclae >
£ 3+ 1642 > * X i% 5 7% general anxiety disorder 2. 1 & o
c. Perceived stressscale: ¢ Cohen & * # E » 2573 @& * 5 1048 » AR5 * KB
EREd TR XZTIZREA o N AR S 0.84-0.86(61) °
C.iHMafrhbiLdi:
a. The Yale Food Addiction Scale % %% DSM-IV $ & ik #g Z @r 2 pl o738 B > * 113+
Fapihf 2R c ALY TR AR BRLARR -

o

W
=

b. Three-Factor Eating Questionnaire (TFEQ) R18: ¢ Karlsson % A 3 E » * 113G &
T2 FE c AL NE- H LIRS FTLIT L FF o
C. #pHpriegagwimis e
d AREsFHEN L XEFLSHI0EIE Y JELI B PR -
D. 1 B % % (irritability) 2. 23 &
a HR?P A PEA I ARLEP 208 FTHEAELG 2E2 P - K4(0.93)
2GR R AR L 080
E. 7 K @ (impulsivity)z. 3 % :

a. The BAS/BIS Scales:d Carver & fﬁi BIS/BAS scales » H p A3z A& 4 >+ 0.66-0.76
B APy e * plERFEHRP Bk e 2 0445 F o (Carver & White, 1994)

b. Barratt Impulsiveness Scale (BIS11)(Patton, Stanford, & Barratt, 1995): ¢ BIS 10 2
se@ R MRIREER IS 0 B 22N G R 0.79-0.830 5 - B LR T
Pl B2 B & c AT RY L2 E A ArfiE2 P 2R BIS- 11 % o
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F. 26 25

a.ﬂv1y¢ﬁﬂ%:amﬁaﬁﬁ%¢%v§%#;26ﬁ’\%—ﬁﬁﬁﬁam-
0932 FF >3 F2 L RIERG083c3ZEZ* NPT R REA B2 FEREMLR -
(6) # giuwa &

A. Continuous performance task : B FFF LT A Bk 0 X WEN LG M9 F
Frde > 2325240 B trials > H ¢ 14 B trials F 3 T4 %fiﬂ%ﬂi B3k S A R
,n—ﬁ’—,g”: g B2 AR 4 Kk RIED 3 R %j%&“ﬁ? ERLS Y A LR
2R 0 R RET I E o B TRE -

B. Go/Nogo task: 1+ Go/Nogo task # = B & response inhibition 2.1 & o

C. N back task:r+ N2 back task i* 5 iB| & 1 iFze & (working memory)z. 1 & o 3% % = fF
B erBY FLFF 0 p%RET SRS E & F 2 attention bias °

IZERL

1.

ERATIEER > EFEARELERAEADE S AR TR LBIGE R FEREE fMRI

2 task P A LA PGB ER 0 RN REAT R > TRER 2 MR W

Ad B RA TN T Y FEILIE I > T “f IRE ~ B W it PR* ix @ psychotropic medication ~ ¥
VR ERAREF R DR AHRP G @R o 2R L SRR R

o ;é‘m\ gAML LAY E (T # PMDD ) BE¥HRE

£ 4% PMDD e er¥tpe e i % d A ﬁi§éﬂ; BT UL € 3 > &I DSM-VI-TR research

criteria (Z¥%RF ¥ A ) 2 &8 £ 27 {82 LUl o

X T RS- RN RS TR B Sl B e P LR T - PR GRATRSR R

¥~ 2 4 323=R) 0 5@ d order effect » PMDD g el & § - &2 v LA

ZF- TR T L e hREIRIY - ITh ¥ X TePFRFEFATI ISP

LA -

DU EH 3T - TR d HA ﬁi%& EF 8 {73 ¥l € 3k ik g5 DSM-IV-TR PMDD research

criteria Z¥rig® 3 g > Zyp MINI-CEX Z¥A R TifgE > BiZE R A B > 2 Bl g o
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# FJ#= % : The Interaction between Polymorphism of Serotonin 1A Receptor and Estrogen Receptor a
Predicts Premenstrual Dysphoric Disorder (submitting to hormone and behavior under reviewing )

A. Result: The results demonstrated that the women with PMDD had greater PMDD symptoms, depression
and irritability in the premenstrual phase. The severity of PMDD symptoms, depression and irritability
increased significantly in the premenstrual phase among the women with PMDD (Table 1). Repeated
measures two-factor ANOVA demonstrated premenstrual exacerbation of PMDD symptoms (F = 137.97, p <
0.001), depression (F = 29.31, p < 0.001) and irritability (F = 25.56, p < 0.001), among the women with
PMDD. These results demonstrated that the PMDD group represented the clinical characteristics of PMDD
based on the DSMIV-TR(Association., 2000). Chi-square analysis demonstrated no association between
5-HT1a or ESR a-Xbal and PMDD diagnosis (Table 1). However, logistic regression analysis demonstrated
that the interaction term of 5-HTia (G/G versus G/C+C/C) and ESR a-Xbal (G/A+G/G versus A/A)
significantly predicted the risk of PMDD (OR = 8.02, 95% CI: 1.80-35.80; table 2). Further stratified analysis
demonstrated that the typing of 5-HT1a Was associated with PMDD diagnosis (X*= 6.68, p <0.006; table 3)
among G carriers of ESR a-Xbal, but not among those with the AA genotype. Further logistic regression
analysis demonstrated that subjects with the G/G genotype of 5-HTy were at higher risk of PMDD (Wald X?
= 6.34, OR =4.82, 95% CI: 1.42-16.40; Table 2) than other subjects among G carriers of ESR a-Xbal. This
result indicated that the genotype of ESR a-Xbal plays a moderating role in the predictive effect of the G/G
genotype of 5-HT;a for the risk of PMDD_ Further univariate analysis of variance for PMDD symptoms,
assessed by the PSST, CESD, and BDHIC-SF, demonstrated that the interaction term of 5-HT;5 and ESR
a-Xbal is significantly associated with the severity of PMDD symptoms (F = 7.17, p = 0.008, n° = 5.0%),
depression (F = 10.07, p = 0.002, n= 6.9%) and irritability (F = 6.75, p = 0.01, n= 4.7%). Further stratified
analysis demonstrated that subjects with the G/G allele of 5-HT14 had a greater severity of PMDD symptoms,
depression and irritability, in the premenstrual phase than others among G carriers of ESR a-Xbal, but not
among those with the A/A genotype (Table 3). This result supports that the genotype of ESR a-Xbal plays a
moderating role in the association between G/G genotypes of 5-HT;a and the severity of PMDD symptoms in
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the premenstrual phase.
Table 1. The associations between polymorphisms of serotonin 1A receptor (5-HT14 C(-1019)G) and
estrogen a receptor (ESRa-Xbal) and premenstrual dysphoric disorder (PMDD) and the characteristic
presentation of the PMDD group.

PMDD Case Control

(N=66) (N=74)

N(%o) or Paired N(%o) or Paired
Variables (Mean = SD) t test (Mean = SD) t test tor X?
5-HT;aC(-1019)G
G/G (N=84) 41 (62.1%) 43 (58.1%) 0.23
G/C & C/C (N=50;6) 25 (37.9%) 31 (41.9%)
ESRa-Xbal
AA (N=92) 40 (60.6%) 52 (70.3%) 0.82
GA & GG (N=43;5) 26 (39.4%) 22 (29.7%)
Age 23.36 £3.13 23.62 £ 3.51 -0.46
Educational level 16.09 £ 1.15 16.27 £ 1.75 -0.71
Premenstrual symptoms 40.56 + 6.41 20.07+4.21 22.07***
PMDDSQ(P) 78.44 +15.81 14.68***  16.20+15.27 5.18*** 22.67***
PMDDSQ(F) 27.56 + 23.27 8.24 +12.07 6.06***
Depression(P) 27.58 £10.02 5.92*** 10.43 £6.36 0.84 11.92***
Depression(F) 18.09 £ 12.62 9.91 +6.06 4.80%**
Irritability(P) 64.86 + 14.22 5.77*** 46.15+10.92 0.39 8.65***
Irritability(F) 54.73 £ 15.47 45.78 £10.12 4.00%**

Premenstrual symptoms: assessed by The Premenstrual Symptoms Screening Tool; PMDDSQ: The
premenstrual dysphoric disorder (PMDD) severity questionnaire; P: premenstrual phase; F: follicular
phase; Depression: score of the Center for Epidemiological Studies’ Depression Scale; Irritability: score of
the Buss-Durkee Hostility Inventory- Chinese Version- Short Form.

SD: standard deviation. ***: p<0.001

Table 2. The predictive value of the interaction term of serotonin 1A receptor C(-1019)G (HTR1A rs6295)
and estrogen o receptor (HTR1A rs6295) for the risk of PMDD and further stratified analysis.

Logistic regression for PMDD Wald y*  Odds ratio 95% ClI
HTR1A rs6295 [G/G] 1.34 0.60 0.25-1.42
HTR1A rs6295 [G carrier] 1.52 0.50 0.17-1.50
HTR1A rs6295 by ESRa-Xbal 7.44%* 8.02 1.80-35.80
Among HTR1A rs6295 [A/A]

HTR1A rs6295 [G/G] 1.34 0.60 0.25-1.42
Among HTR1A rs6295 [G carrier]

HTR1A rs6295 [G/G] 6.34* 482  1.42-16.40

*: p<0.05; **: p<0.01



Table 3. Stratified analysis by estrogen o receptor (ESRa-Xbal) to evaluate the associations between
polymorphism of serotonin 1A receptor (5-HT14 C(-1019)G) and PMDD diagnosis, PMDD symptoms,
and logarithmic-transformed estrogen and progesterone levels.

In G carriers of ESRa-Xbal

In AA genotype of ESRa-Xbal

5-HT.aC 5-HT.aC
GG GC&CC GG GC&CC

(N=25) (N=23) (N=509) (N=33)
Variables (Mean+SD) (Mean+SD) torX? (Mean+SD) (Mean+SD) torX®
PMDD
Case 18 (69.2%) 8 (30.0%) 6.68* 23 (57.5%) 17 (425%) 135
Control 7(31.8%) 15 (68.2%) 36 (69.2%) 16 (30.8%)
PMDD 35.72+11.28 26.48+12.02 2.75** 28.31+11.17 30.00+11.01 -0.70
symptoms
PMDDSQ(P) 60.80+33.33 38.22+35.41 2.28* 41.12+39.94 47.00+33.11 -0.79
PMDDSQ(F) 15.72+15.98 16.52+22.18 -0.15 20.27 £23.42 13.94+16.85 1.37
Depression(P) 24.56 +12.95 13.91+9.65 3.21** 17.08+11.42 19.70+11.90 -1.04
Depression(F) 17.68+12.71 13.09+11.37 1.32 12.08 + 8.56 14,27 £10.95 -0.90
Irritability(P) 61.64 £15.62 50.17 £15.68 2.54* 53.29+16.16 56.27 +£13.47 -0.43
Irritability(F) 52.96 £ 15.40 46.57 +13.32 1.53 49.61+£13.86 50.85+11.93 0.75
Estrogen (P) 73.49 £59.85 100.43+4481 -2.53* 72.07+4294 82.94+57.38 -0.75
Estrogen (F) 60.19+40.95 74.00+61.47 -0.97 60.58 £48.99 59.75+44.83 -0.04

*: p<0.05; **: p<0.01

PMDD symptoms: assessed by The Premenstrual Symptoms Screening Tool; PMDDSQ: PMDD
symptoms assessed by the premenstrual dysphoric disorder (PMDD) severity questionnaire; P:
premenstrual phase; F: follicular phase; Depression: score of the Center for Epidemiological Studies’
Depression Scale; Irritability: score of the Buss-Durkee Hostility Inventory- Chinese Version- Short Form.
The t value for estrogen was calculated based on logarithmic-transformed data, and one data of a C carrier

of 5-HT14 among the G carriers of ESRa-Xbal is missing.

Table 4. Univariate analysis of variance of the effects of polymorphisms of serotonin 1A receptor (5-HT;a
C(-1019)G) and estrogen a receptor (ESRa-Xbal) on the severity of premenstrual dysphoric

disorder(PMDD) symptoms, depression and irritability in the premenstrual phase.

Within-subject analysis

Variables Df Mean F Partial
square Eta

PMDD symptoms

5-HT1aC(-1019)G 1 43566 3.41 0.024

ESRa-Xbal 1 11594 0.91 0.007

5-HT14 C(-1019)G by ESRa-Xbal 1 914.94  7.17**  0.050
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PMDD depression

5-HT1aC(-1019)G 1 493.82  3.70 0.026
ESRa-Xbal 1 21.88  0.16 0.001
5-HT14 C(-1019)G by ESRa-Xbal 1 1344.80 10.07** 0.069
PMDD irritability

5-HT1aC(-1019)G 1 550.26  2.32 0.017
ESRa-Xbal 1 3883 0.16 08001
5-HT14 C(-1019)G by ESRa-Xbal 1 1597.35 6.75*  0.047

*: p<0.05; **: p<0.01

PMDD symptoms: assessed by The Premenstrual Symptoms Screening Tool; Depression: score of the
Center for Epidemiological Studies’ Depression Scale; Irritability: score of the Buss-Durkee Hostility
Inventory- Chinese Version- Short Form.

Discussion

Further analysis in this study firstly demonstrated that the interaction term of 5-HT;a and ESR a-Xbal
significantly predicted the risk of PMDD. Stratified analysis suggested that subjects with the G/G genotype of
5-HT1a had a 4.82-fold increased risk of PMDD than C carriers of 5-HT1a among G carriers of ESR a-Xbal.
Furthermore, the interaction term of 5-HT;a and ESR a-Xbal also predicted the severity of premenstrual
symptoms and cardinal symptoms, such as depression and irritability, in the premenstrual phase. Further
stratified analysis suggested that subjects with the G/G genotype of 5-HT;a had higher premenstrual
symptoms, depression and irritability among G carriers of ESR a-Xbal. These results indicated that
polymorphism of ESR a-Xbal plays a moderating role in the association between the G/G genotype of 5-HT1a
and the risk and symptoms of PMDD.

The GG genotype of 5-HTia has been reported to reduce serotonin neurotransmission (Albert, Le
Francois, & Millar, 2011). Because of its effect on serotonin , the GG genotype has been shown to contribute
to depression and a poor response to SSRIs (Drago, Ronchi, & Serretti, 2008). Further, the effect was found to
be more significant among vulnerable subjects, such as those with depression or chronic stress (Albert, 2012).
Women with PMDD are vulnerable to major depressive disorder (Hartlage, Arduino, & Gehlert, 2001), and
the GG genotype of 5-HT;areduces serotonin transmission and contributes to clinical symptoms, particularly
depression. This mechanism might explain why the GG genotypes of 5-HT1A affected the depression score in
this study. Further, a previous report suggested that SSRI treatment reduces premenstrual irritability (Landen,
Erlandsson, Bengtsson, Andersch, & Eriksson, 2009), and the serotonin dysregulation associated with the GG
genotype of 5-HT;a might also result in irritability in PMDD, as shown in this study. Since depression and
irritability are two cardinal mood symptoms of PMDD (Born, Koren, Lin, & Steiner, 2008; Landen &
Eriksson, 2003), the effect of the GG genotype of 5-HT1a on these symptoms would contribute to the strong
risk of PMDD, which is the key result of this study. This result provides genetic evidence to support the role
of serotonin dysregulation in the mechanism of PMDD(Halbreich, 2003; Rapkin & Akopians, 2012; Steiner &
Pearlstein, 2000).

Dhingra and colleagues hypothesized that the G allele is associated with the occurrence of PMDD.
However, their data indicated that the C/C genotype contributes to the risk of PMDD (Dhingra et al., 2007).

11



As the CC genotype of 5-HT;a represents normal serotonin function (Albert et al., 2011), the reverse result is
contrary to previous assumptions related to serotonin dysregulation in PMDD (Rapkin & Akopians, 2012).
This study included a greater number of PMDD cases with characteristic presentation of PMDD and analyzed
the interaction between two important polymorphisms. By the moderating effect of ESR a-Xbal, the GG
genotype of the 5-HT;4 has been demonstrated to strongly predict the risk of PMDD. This result supports that
interaction between serotonin dysregulation and estrogen function contributes to the risk of PMDD. It also
suggests that the effect of estrogen function should be considered when assessing the contribution of serotonin
dysregulation to PMDD.

Estrogen-serotonin interaction has been suggested to be an important mechanism of female mood
disorder (Amin, Canli, & Epperson, 2005; Lokuge, Frey, Foster, Soares, & Steiner, 2011) and PMDD (Poiana,
Musat, Carsote, & Chirita, 2009). Estrogen has been reported to increase the binding potential of the 5HT 24
receptor in cortical regions(Moses-Kolko et al., 2003) and decrease the uptake of serotonin in the serotonin
transporter (Koldzic-Zivanovic, Seitz, Watson, Cunningham, & Thomas, 2004). Further, estrogen has been
reported to enhance the effectiveness of SSRIs (Rasgon et al., 2002; Schneider, Small, & Clary, 2001). These
results might suggest that estrogen contributes to the responsiveness of the brain to serotonin. As the GG
genotype of 5-HT;4 results in lower serotonin transmission, a decline in estrogen in the premenstrual phase
might attenuate the responsiveness of the brain to serotonin and further deteriorate the serotonin-associated
mood symptoms of PMDD, such as depression and irritability. This would explain why the GG genotype of
5-HT 4 affects the severity of PMDD symptoms in the premenstrual phase but not in the follicular phase.

The cellular mechanism of the influence of estrogen on mood might act through the genomic
mechanism(i.e., transcription factors of nuclear receptors ESR-o or ESR-beta) involving the serotonin system
(Lokuge et al., 2011). ESR has been reported to participate in estrogen's enhancing effect of the antidepressant
effect (Estrada-Camarena, Lopez-Rubalcava, & Fernandez-Guasti, 2006). The role of ESR in the effect of
estrogen on the serotonin system might explain why polymorphism of ESRa-Xbal has been reported to
contribute to the risk of depression (Ryan et al., 2012; Sundermann, Maki, & Bishop, 2010). Further, Huo
demonstrated an association between haplotypes of ESR o and PMDD (Huo et al., 2007). This suggests that
the gene expression of ESRa is involved in the mechanism of PMDD.

This study demonstrated that polymorphism of ESR a-Xbal plays a moderating role in the association
between the GG genotype of 5-HT1aand the risk of PMDD. Further stratified analysis revealed that the GG
genotype of 5-HT,a affects the severity of symptoms of PMDD, such as depression and irritability, and
symptom exacerbation in the premenstrual phase among G carriers of ESR a-Xbal. The GG genotype of
5-HT,a associates the decreased estrogen level in the premenstrual phase, which would further aggravate
premenstrual estrogen withdrawal in PMDD. This study supports the previous hypothesis that both estrogen
and serotonin and their interaction are involved in the mechanism of PMDD.

Il. 3% s 2 3 The effect of serotonin 1A receptor polymorphism on the cognitive function of
Premenstrual Dysphoric Disorder (submitting to EAPCN first reviesed and under reviewing)
The analysis for the effect of PMDD diagnosis:
Women with PMDD have less successful inhibitory responses for Nogo trials, more omission errors for
Go trials of Go/nogo task than controls in premenstrual phase, but not in follicular phase (Table 1, Fig 1A).
Furthermore, they had lower correct hits in 2- back tasks than controls in premenstrual phase, but not in
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follicular phase(Table 1, Fig 1B). Further stratified analysis showed in table 1 demonstrated that women with
PMDD had lower successful inhibitory responses for Nogo trials and correct hits in 2-back tasks only among
those with GG genotype of HTR1A (rs6295).

Paired t-test in table 1 demonstrates that successful inhibitory responses for Nogo trials and correct hits
in 2- and 3-back tasks are lower in premenstrual phase than those in follicular phase among women with
PMDD, but not among controls. This indicated only women with PMDD impaired cognitive control and WM
in premenstrual phase. Further stratified analysis showed in table 1 demonstrated that the premenstrual
cognitive decline of PMDD group is significant only among those with GG genotype of HTR1A(rs6295).

Repeated-measures two-factor ANOVA in table 2 revealed that there are interactions between the
menstrual phase effect and PMDD effect for the successful inhibitory responses of Go/Nogo task (F = 14.20,
p < 0.001), correct hits in 2-back task (F = 12.21, p < 0.001), and 3-back task (F =3.95, p = 0.049). It indicated
that, in comparison to control group, women with PMDD impaired more on performance Go/Nogo task, 2-
and 3-back tasks from follicular phase to premenstrual phase (figure 1). These results indicate that decline in
cognitive control and low- or high-demanding WM in the premenstrual phase among women with PMDD.
Further stratified analysis showed in table 2 demonstrated that the premenstrual decline of Go/Nogo task (F
=9.86, p = 0.002, 1°=11%) and 2-back task (F =11.61, p = 0.001, n?=12.7%) of PMDD group is significant
only among those with GG genotype of HTR1A(rs6295).

3.2 The effect of HTR1A: the direct or moderating effect to cognitive function of women with PMDD.

One woman with PMDD has missed her data of HTR1A polymorphism(rs6295). All single-nucleotide
polymorphisms (SNPs) were tested for a possible deviation from the Hardy-Weinberg equilibrium (HWE
>0.05) in women with PMDD or in controls. No derivation was noted for HTR1A(rs6295) (PMDD: X?= 0.00;
controls: X?= 0.35). There is no significant association between genotypes of HTR1A(rs6295) to PMDD
diagnosis. The limited sample sized might associate its insignificant association. The t-test in table 4 revealed
that subjects with GG genotype of HTR1A(rs6295) had lower correct hit in 2-back task than those with
G/C+CC genotype in premenstrual phase, but not in follicular phase. Further stratified analysis, demonstrate
that this significant effect is found only among women with PMDD, but not among controls. The two-way
ANOVA demonstrate that PMDD diagnosis (F =7.43, p = 0.007, 1°=5.3%), GG genotype of HTR1A(rs6295)
(F =6.54, p = 0.012, 1?=4.7%) and their interaction term (F =4.47, p = 0.036, n?=3.3%) were associated with
lower correct hits in 2-back task in premenstrual phase.

3.3 The effect of HTR1A on premenstrual exacerbation of cognitive deficit of women with PMDD.

Paired t-test in table 4 demonstrates that successful inhibitory responses for Nogo trials and correct hits
in 2- and 3-back tasks are lower in premenstrual phase than those in follicular phase among subjects with GG
genotypes of HTR1A(rs6295), but not among C carriers (Figure 1). Furthermore, repeated-measures
two-factor ANOVA in table 2 revealed that the interaction term of menstrual phase effect and polymorphism
effect of HTR1A(rs6295) were significantly associated with lower correct hits in 2- back task (F = 4.65, p =
0.03, 1°=3.4%). It indicated that the premenstrual exacerbation of difficulty in WM is more significant among
subjects with GG genotype of HTR1A(rs6295). The further analysis demonstrate that the interaction term of
menstrual phase effect, PMDD diagnosis and HTRLA(rs6295) has a trend (F = 3.24, p = 0.07, 1°=2.4%) to
predict the lower correct hits of 2-back task.
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Table 1 t-test and paired t-test for performance of cognitive task between women with PMDD and controls in
premenstrual or follicular phase.

PMDD diagnosis

PMDD

Control

(N = 63) Pairedt  (N=74)  Pairedt t
Variables Mean + SD Mean + SD
Age 23.51 +3.17 23.50 £ 3.40 0.014
Education level 16.16 + 1.17 16.24 £1.73 -0.329
Nogo trails (P) 4462 £9.37  -3.381** 49.96 +8.07  1.619 —3.585***
Nogo trails (F) 47.94 +8.31 48.82 +7.98 -0.637
Omission error (P) 13.59 + 10.09 0.648 10.11+4.62  -1.640 2.521*
Omission error (F) 12.83+£9.78 11.55+8.76 0.802
2-back (P) 23.75+3.72  -3.884*** 2545+230 0414 -3.150**
2-back (F) 25.56 + 1.97 25.31+2.85 0.575
3-back (P) 1586 +5.05  -2.846** 17.14+£459  -0.409 -1.551
3-back (F) 17.62 +3.71 17.34 £ 4.22 0.411
?n-: ::é?n(gsfazﬂ?:l) N(%0) N(%0) K test
G/C(N=48)+CC(N=6) 23 (42.6) 31 (57.4) 0.569
GG(N=82) 39 (47.6) 43 (52.4)
Among GG genotype of HTR1A (rs6295)

(N =39) (N =43)
Nogo trails (P) 43.56 +9.81 -3.387** 50.42 £7.77 0.558 -3.522**
Nogo trails (F) 47.59 +7.90 49.95+7.76 -1.366
Omission error (P) 14.72 £10.35 1.028 9.72+448 -1.121 2.786**
Omission error (F) 13.51 £ 10.46 11.14 + 8.67 1.122




2-back (P) 22.82+3.99 -4.154*** 25.35+2.21 0.049 -3.497**

2-back (F) 25.46 + 2.05 25.33 +3.07 0.238
3-back (P) 1487 +5.51 -2.620* 16.95+4.08 -0.514 -1.927
3-back (F) 17.05 + 3.80 17.30 +4.43 -0.274

P: Premenstrual phase; F: follicular phase; Nogo trails: corrected inhibitory response in Go/Nogo task; P:
premenstrual phase; F: follicular phase; Omission error: omission response in Go trails of Go/Nogo task;
2-back: correct hits in 2-back task; 3-back: correct hits in 3-back task.

*: p<0.05; **:p <0.01; ***:p<0.001

Table 2 The repeated-measure ANOVA for the interaction effect of Menstrual phase effect and premenstrual
dysphoric disorder (PMDD) or serotonin receptor 1IA(HTR1A; rs6295) for performance of cognitive task.

Within-subject analysis
Variables Df Mean square F

The effect of PMDD diagnosis

Corrected inhibitory response in Go/Nogo task

MP 1 81.03 3.410
MP by PMDD 1 337.33 14.20%**
Error 135 23.93

Correct hits in 2-back task
MP 1 47.70 9.06**
MP by PMDD 1 64.34 12.21**
Error 135 5.09

Correct hits in 3-back task
MP 1 65.67 6.28*
MP by PMDD 1 41.36 3.95*
Error 135 10.61

Among GG genotype of HTR1A (rs6295)

Corrected inhibitory response in Go/Nogo task

MP 1 129.63 6.196*
MP by PMDD 1 206.37 9.856**
Error 80 20.92

Correct hits in 2-back task
MP 1 70.07 11.212**
MP by PMDD 1 72.59 11.614**
Error 80 6.25

Correct hits in 3-back task
MP 1 65.37 5.630*
MP by PMDD 1 34.27 2.952
Error 80 11.61

The effect of HTR1A (rs6295)

Correct hits in 2-back task

MP 1 24.45 4.39*
MP by HTR1A [GG] 1 25.95 4.65*
Error 134 36.38

The effect of interaction term of PMDD diagnosis and HTR1A (rs6295)
MP 1 28.71 5.642*
MP by HTR1A[GG] 1 26.30 5.167*
MP by PMDD 1 43.75 8.597**
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MP by HTR1A [GG] by PMDD 1 16.47 3.236
Error 132 5.09

MP: menstrual cycle phase effect; PMDD: premenstrual menstrual dysphoric disorder.
*:p<0.05; **:p <0.01; ***:p<0.001

Table 3 The correlation between symptoms indicator of PMDD or estrogen level and performance of
cognitive task in premenstrual phase.

Variables Nogo trials 2-back 3-back
All subjects
Estrogen —-0.06 -0.14 -0.14
Progesterone —0.03 -0.12 -0.17
Estrogen change -0.18* -0.10 -0.07
Progesterone change 0.02 —-0.08 -0.13
PMDD group
Premenstrual symptoms —0.434** -0.072 -0.115
PMDD functional score —0.409** —-0.022 0.006
Depression —0.441** -0.071 0.071
Irritability —0.431** —-0.157 0.017

Nogo trails: corrected inhibitory response in Go/Nogo task; 2-back: correct hits in 2-back task; 3-back: correct
hits in 3-back task; Estrogen level change: premenstrual phase—follicular phase; Progesterone change:
premenstrual phase-follicular phase.

*:p<0.05; **:p <0.01

Table 4 t-test and paired t-test for performance of cognitive task between women with GG genotype of
serotonin receptor LA(HTR1A,; rs6295) and C carriers in premenstrual or follicular phase.
HTR1A (rs6295) C(-1019)G

GG G/C+CC t
(N=82) Paired t (N =54) Paired t

Variables Mean + SD Mean = SD
Nogo trails (P) 47.16 £9.40 -2.221*  47.83 +8.56 0.263 -0.424
Nogo trails (F) 48.83 £7.87 47.56 £ 8.40 0.900
2-back (P) 24.15+ 341 -2.996** 25.44 + 2,55 0.053 —-2.534*
2-back (F) 25.39 + 2.62 25.43 +2.26 -0.082
3-back (P) 15.96 + 4.90 -2.265*  17.39+4.68 -0.736  -1.690
3-back (F) 17.18 + 4.12 17.81+3.75 —0.906
PMDD group (N=39) (N=23)
2-back (P) 22.82 +3.99 —4.15*** 2526 +2.73 -0.60 —2.85**
2-back (F) 25.46 = 2.05 25.61+1.83 -0.28

P: Premenstrual phase; F: follicular phase; Nogo trails: corrected inhibitory response in Go/Nogo task; 2-back:
correct hits in 2-back task; 3-back: correct hits in 3-back task.
*: p<0.05; **:p <0.01; ***:p<0.001

Discussion
In line with previous studies (Reed et al., 2008; Yen et al., 2012), this study demonstrates declined WM
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of women with PMDD in premenstrual phase. Furthermore, this presenting study firstly demonstrates that
women with PMDD have poorer cognitive control in Go/Nogo task in premenstrual phase. These results all
support that women with PMDD have impaired cognitive function in premenstrual phase. However, there is
no significant difference on the performance of these tasks between women with PMDD and controls in
follicular phase. This result suggests that the cognitive deficit exacerbated in premenstrual phase, remitted in
follicular phase, and was menstrual-cyclic as other mood and somatic symptoms of PMDD.

Difficulty in working memory among women with PMDD.

Our result demonstrated that women with PMDD have poor working memory in the premenstrual phase.
This would suggest that assistant tool which could help to keep temporal memory, such as software for
thinking map or memory note, could be provided to women with PMDD to attenuate the negative effect of
WM deficit to their performance in premenstrual phase. However, their WM is adequate in follicular phase. In
line with previous result (Yen et al., 2012), our result support that women with PMDD have an adequate WM
when they are not in the premenstrual phase.

The effect of polymorphism of HTR1A(rs6295) on working memory.

Although the role of serotonin dysregulation in WM deficit of PMDD has been suggested in previous
reports (Yen et al., 2012), it has not been proved by empirical study. This present study demonstrates that
GG genotypes of HTR1A (rs6295) associated with poor WM in premenstrual phase, but not in follicular phase.
The two-factor ANOVA demonstrated that GG genotypes of HTR1A (rs6295) has a direct negative effect on
working memory in the premenstrual phase with control of PMDD diagnosis. The G allele of HTR1A (rs6295)
derepresses 5-HT1A autoreceptor expression to reduce serotonergic neurotransmission in previous report
(Lemonde et al.,, 2003). In the depressed subjects with GG genotype of HTR1A(rs6295), HTR1A
auto-receptor expression is increased, which would reduce neuronal firing and 5-HT release, while
postsynaptic HTR1A receptors are reduced in certain regions, which would decrease response to 5-HT
release(Albert et al., 2011). Through the effect to reduced serotonergic transmission, the GG genotypes of
HTR1A (rs6295) might contribute to poor working memory as reported in this presenting study.

The interaction term of PMDD diagnosis and HTR1A (rs6295) associated with poor performance of WM
in premenstrual phase. The negative effect of PMDD diagnosis on premenstrual WM was significant only
among women with GG genotype of HTR1A (rs6295). It indicates that HTR1A(rs6295) moderate the effect of
PMDD on poor WM in premenstrual phase, which is in line with suggestion from previous review(Su et al.,
1997). Moreover, both cognitive control and WM declined in premenstrual phase only among women with
GG genotype of HTR1A (rs6295) Further, the working memory declined from follicular phase to
premenstrual phase more significantly among women with GG genotype of HTR1A (rs6295) than that among
C carriers. It would suggest that women with GG genotype of HTR1A (rs6295) are more vulnerable to the
premenstrual negative effect on working memory.

Previous study had demonstrated premenstrual deterioration in high-demanding WM among women with
PMDD (Yen, et al., 2012). This study with rigorous criteria demonstrated premenstrual deterioration for both
low- and high-demanding WM. Further stratified analysis demonstrate the premenstrual deterioration effect of
PMDD diagnosis on WM was significant only among women with GG genotype of HTR1A(rs6295) The
menstrual cyclic change on WM supports the possible role of gonadal hormone in the mechanism of WM
deficit among women with PMDD. Thus, this result demonstrated that GG genotype of HTR1A (rs6295)
determine the vunerability to mentrual effect on working memory among women with PMDD.
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Difficulty in cognitive control among women with PMDD.

However, the performance of response inhibition among PMDD women is compatible to controls. This
present study with adequate number of subjects demonstrated the deficit in performance of response inhibition
in premenstrual phase among PMDD women. This result suggested that women with PMDD have impaired
cognitive control specific in the premenstrual phase.

Besides, the premenstrual decline of cognitive control in PMDD womne is found only among those with
GG genotype of HTR1A (rs6295). This resutl indicates that GG genotype of HTR1A (rs6295) are vulnerable
to the mentrual effect on cognitive control among women with PMDD.

Conclusion

This study demonstrates the premenstrual decline of WM and cognitive control among women with
PMDD. These deficits should be addressed when treating women with PMDD. Some tools providing
assistance to short-term memory, such as screen note or event alarming, could be used to compensate their
WM deficit in premenstrual phase. Counseling for inhibitory deficit could be provided to them to prevent
negative results under poor cognitive control. The GG genotype of HTR1A (rs6295) associated with poorer
premenstrual WM. Further, GG genotype of HTR1A (rs6295) determine the vulnerability to the menstrual
effect and PMDD effect on cognitive function. How the GG genotype of HTR1A(rs6295) contribute the
vulnerability of cognitive function to the menstrual or PMDD effect should be further evaluated in future. It
would provide a insight to serotonin mechanism of PMDD.

1. g4 7 3 : Depression, irritability, and anxiety in women with Premenstrual dysphoric disorder
(r2 £ % 7] F ** international journal of medical psychiatry)

Results: The PMDD group has higher scores in CESD, BDHIC-SF, and PSWQ in both the premenstrual
and follicular phases. Paired t-tests demonstrated that the score of CESD, BDHIC-SF, and PSWQ was higher
in the premenstrual phase than in the follicular phase among the PMDD group, but not in the control group.
The two-way ANOVA in Table 2 and figure 1 demonstrated that there are significant premenstrual effects on
the score of CESD, BDHIC-SF, and PSWQ. There is a significant interaction between the premenstrual effect
and the PMDD effect on the score of CESD, BDHIC-SF, and PSWQ. It means that PMDD women had a
higher premenstrual exacerbation effect on depression, hostility, and anxiety than the control group. The
between-group analysis demonstrated that PMDD women had higher scores in CESD, BDHIC-SF, and PSWQ
across the menstrual cycle.

The logistic regression in Table 3 demonstrated that the CESD score has a stronger effect on PMDD
diagnosis. It indicates that depression is the most significantly associated factor of PMDD diagnosis. In this
logistic regression model, the scores of PSWQ and BDHIC-SF were excluded when depression entered the
regression model. The ROC curve analysis demonstrated the diagnostic accuracy (the area under ROC curve)
of CIAS, BDHIC-SF, and PSWQ as 91.5%, 83.1%, and 79.5%.
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Table 1 The depression, anxiety, and irritability among PMDD and control group

PMDD group Paired Control group Paired Independent

Variables (Mean £ SD) t-test (Mean £ SD) t-test t-test
CESD

Luteal 27.28 +9.71 6.362*** 10.86 + 7.64 1.215 -11.897***

Follicular 18.42 + 12.60 10.01 +6.19 -5.40Q7***
PSWQ

Luteal 56.27 £ 10.67  5.525*** 45.28 £ 7.62 1.122 -7.522%**

Follicular 50.77 £ 11.79 44.63 + 8.06 -3.861***
BEHIC-SF

Luteal 64.17 £14.26  6.000*** 46.59+11.58 0.721 -8.563***

Follicular 55.05 + 14.96 45.89 + 10.09 -4 555%**

CESD: Center for Epidemiological Studies’ Depression Scale; PAWQ: Penn state worry questionnaire;
BDHIC-SF: Buss-Durkee Hostility Inventory- Chinese Version- Short Form; ***: p<0.001

Table 2 The two factors repeated measures ANOVA for the premenstrual and PMDD effect on depression,

anxiety, and hostility.

With-subject analysis

df  Meansquare F n’ df

CESD

MC 1 1865.463 36.784*** 0.190  Intercept 1
MC*PMDD 1 1273.765 25.116*** 0.138 PMDD 1
BDHIC-SF

MC 1 1912.042 28.515*** (0.154 Intercept 1
MC*PMDD 1 1407.375 20.989***  (0.118 PMDD 1
PAWQ

MC 1 747.514 27.248*** (0,148 Intercept 1
MC*PMDD 1 466.457 17.003*** 0.098 PMDD 1

CESD: Center for Epidemiological Studies’ Depression Scale; PAWQ: Penn state worry questionnaire;
BDHIC-SF: Buss-Durkee Hostility Inventory- Chinese Version- Short Form; ***: p<0.001

Table 3 The forward logistic regression model for diagnosis of PMDD among all subjects and linear

regression model for symptoms severity and functional impairment of PMDD among women with PMDD in

premenstrual phase.

Logistic regress (All subjects)

For PMDD diangosis Wald Exp(p) 50% ClI
Age (yr) 0.004 1.01 0.86-1.18
Education level (yr) 0.412 0.89 0.62-1.28
CESD 43.73*** 1.23 1.15-1.31

Linear regression (Women with PMDD)
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For symptoms severity t B

Age (yr) 0.14 -0.03
Education level (yr) 1.21 -0.62
CESD 3.85%** 0.27
For Functional impairment t B
Age (yr) 1.51 0.17
Education level (yr) 1.71 0.42
BDHIC-SF 3.40** 0.08

CESD: Center for Epidemiological Studies’ Depression Scale; BDHIC-SF: Buss-Durkee Hostility Inventory-
Chinese Version- Short Form; *: p<0.05; **: p<0.01; ***: p<0.001

Discussion

As the criteria of PMDD in DMS 5, our result support that depression, anxiety, and irritability were all
higher among women with PMDD than those among control group. This result demonstrated that women with
PMDD experience higher multiple dimension symptoms in the premenstrual phase. In line with previous
review(Landen & Eriksson, 2003), this result also support that PMDD is not a variant of depressive or anxiety
disorder which consisted of only one dimension of symptoms. This result might suggest PMDD is a distinct
disorder with multiple dimensions of symptoms. Further, women with PMDD would experience their
symptoms for more than 3000 days in their life(Rapkin & Winer, 2009).

Further, our results demonstrate the depression, anxiety, and irritability become more severe in
premenstrual phase among women with PMDD, but not in control group. Previous results have suggest the
premenstrual exacerbation of depression or other symptoms among women with PMDD(Hsiao, Hsiao, & Liu,
2004; Miyaoka et al., 2011). However, those result was based retrospective investigation. These presenting
results based on prospective investigation support that the premenstrual exacerbation of depression, anxiety,
and irritability among women with PMDD. This result might suggest these symptoms yield to the endocrine
or neurobiological effect of menstrual cycle in women with PMDD.

Our result demonstrate women with PMDD had higher depression, anxiety, and irritability then control
group not only in premenstrual phase, but also in follicular phase. Although the severity of these four
symptoms are decreased significantly in follicular phase in comparison to premenstrual phase, their severe is
still higher than control group. Although the criteria of PMDD in DSM 5 has suggest that its symptoms will
become minimal or absent in the week post-menses, our study proved that the symptoms would become
minimal, but not absent, in follicular phase. Thus, women with PMDD does not totally remit in follicular
phase. This results might suggest that there must be factors other than menstrual-cycle related factors
contributing to psychopathology of PMDD in follicular phase.

Previous review has suggest that irritability is a more prominent symptoms based on its higher severity
or prevalence among PMDD women(Angst, Sellaro, Merikangas, & Endicott, 2001; Landen & Eriksson,
2003). However, higher severity or prevalence could not conclude its importance because it might also
prevalent in control group. In these study, we determine the most pathognomonic symptoms by logistic
regression and ROC analysis. Although depression, anxiety, and irritability were all associated with PMDD,
depression is the only variable to enter the regression model for PMDD. The association between anxiety,
irritability, and PMDD become insignificant when depression enter the regression model. It means depression

is the most proximally associated symptoms of PMDD diagnosis among these three cardinal symptoms.
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Further, depression has the highest diagnostic accuracy(91.5%) among this three symptoms. It indicates that
higher depression contributes to diagnosis of PMDD more than anxiety or irritability. This result might
suggest that depression is the most pathognomonic symptom of PMDD among these three symptoms. Further,
depression is the most significant associate factor of severity of PMDD among women with PMDD. These
results all suggest PMDD could be represented mostly by depression.

Conclusion

The presenting studies demonstrate the premenstrual exacerbation of depression, anxiety, and irritable
among women with PMDD, but not in those without PMDD. The depression is the most associated symptoms
of PMDD and represent the severity of PMDD. The irritability contribute to functional impairment of PMDD.
These results suggest depression and irritability are two cardinal symptoms of PMDD. Further, the trend for
association between LH and anxiety or irritability might indicate the possible role of LH in mechanism of
PMDD.

IV. 7% F B# 3 : Behavior inhibition and behavior approach system in PMDD women and their
hormone correlates. (# 7 3 = & psychiatry and clinical neuroscience)

Results:There is no significant difference in age or educational level between PMDD and the control
group in table 1. The PMDD group has higher scores in reward responsiveness, drive, fun seeking, BAS in
both the premenstrual and follicular phases. Besides the scores of BIS were higher among PMDD group in
premenstrual phase, but not in follicular phase. Paired t-test demonstrated that the score of BIS was higher in
the premenstrual phase than that in the follicular phase among the PMDD group, but not in the control group.
However, there is no difference between BAS in premenstrual and follicular phase.

The repeated measure two-way ANOVA in table 2 demonstrated that there is a significant interaction
between the premenstrual effect and the PMDD effect over the score of BIS. It means that PMDD women had
a higher premenstrual exacerbation effect on behavior inhibition than the control group. The between group
analysis demonstrated that PMDD women had higher scores in BIS/BAS across the menstrual cycle.

The logistic regression in table 3 demonstrates that score of BAS enter the model for PMDD diagnosis
followed by BIS. It indicates that BAS is more associated with PMDD diagnosis than BAS. The correlation
analysis in women with PMDD (Figure 1) reveal that progesterone significantly negatively correlates with fun
seeking(r=-0.33, p=0.002) and total score of BAS (r=-0.25, p=0.024). The change of progesterone from
follicular phase to premenstrual phase was also associated with premenstrual change of fun seeking(r=-0.35,
p=0.001), BAS (r=-0.33, p=0.003), and reward drive (-0.26, p=0.019). However, the associations were not
significant among control group. Further, BIS correlates with depression, anxiety, and irritability and BAS
correlates with impulsivity and food craving in premenstrual phase among women with PMDD(Table 4).

Table 1 The demographic data, behavior inhibition system (BIS), and behavior approach system (BAS) in
both premenstrual and follicular phases among women with premenstrual dysphoric disorder (PMDD) and
controls.

PMDD group Control group
(Mean = SD) Paired (Mean £ SD) Paired  Independe
Variables N =83 t-test N =76 t-test nt t-test
Education level 16.12 £ 1.16 16.27 £1.73 -0.587
(yr)
Age (yr) 23.46 £ 3.21 23.60 + 3.49 -0.243
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BIS
Premenstrual
Follicular

Reward
Premenstrual
Follicular

Drive
Premenstrual
Follicular

Fun
Premenstrual
Follicular

BAS
Premenstrual
Follicular

Progesterone
Premenstrual
Follicular

21.75+2.25
20.58 +2.82

18.03 +2.01
18.12 £ 2.27

13.00 £ 2.17
13.01 + 2.56

11.81+2.34
11.91 +2.27

42.84 + 4,87
43.04 +5.67

9.66 +8.87
0.84 £1.24

3.827***

-0.299

-0.054

-0.437

-0.326

8.162***

20.11 +2.58
19.95+2.70

16.80 +1.97
16.85+1.96

12.17 +1.84
12.04 +1.70

10.61 + 2.02
10.64 +1.87

39.59 +4.51
39.53+4.29
N=75

9.14 £8.55
1.09 +1.88

0.705 4.016***
1.370
-0.290 3.685***
3.572%**
0.666 2.435*
2.641**
-0.172 3.262**
3.654***
0.138 4.125%**
4.186***
7.768*** 0.351
-0.920

Reward: BAS Reward responsiveness; Drive: BAS drive; Fun: BAS fun seeking;
**: p<0.01; ***: p<0.001

Table 2 The repeated measure two-way ANOVA for the effect of premenstrual dysphoric disorder (PMDD)
diagnosis and premenstrual phase on score of behavior inhibition system (BIS) and behavior approach system

(BAS).
With-subject analysis
df Mean square F W’
BIS
MC 31.03 12.494** (0.082 Intercept
MC*PMDD 1 17.84 7.185**  0.049 PMDD
BAS
MC 1 0.43 0.045 0.000 Intercept
MC*PMDD 1 1.522 0.129 0.001 PMDD

MC: menstrual cycle effect;
*: p<0.05; **: p<0.01; ***: p<0.001

Table 3 The forward logistic regression model for diagnosis of premenstrual dysphoric disorder (PMDD)

among all subjects.

Logistic regress All subjects
For PMDD diagnosis Wald Exp(p) 95% CI
Age (yr) 0.58 1.05 0.93-1.20
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Education level (yr) 2.74 0.77 0.57-1.05
Behavior activation 11.76** 1.35 1.07-1.25
Behavior inhibition 12.80*** 1.16 1.14-1.60

**: p<0.01; ***: p<0.0

Discussion

This is the first study to focus on the sensitivity to reinforcement of women wtih PMDD. It demonstrates
the difference on BIS and BAS system of PMDD women without pharmacological treatment by using
prospective investigation. This result suggests that women with PMDD have higher reward sensitivityboth in
premenstrual and follicular phase. It indicates the difference on reward sensitivity is stable across the
menstrual cycle. It supports that the reward sensitivity of women with PMDD is different from normal
population not only in premenstrual phase, but also in luteal phase. Further, the BAS score did not change by
menstrual cycle in both women with PMDD or controls. Thus, higher reward sensitivity representes a
fundamental characteristics of PMDD which is not vulnerable to menstrual cycle. Besides, the logistic
regression analysis demonstrated that BAS entered the model for PMDD, followed by BIS. This result
suggests reward sensitivity was more associated with PMDD than aversion sensitivity. It suggests that
increased rewarding sensitivity is an important dimension of psychopathology in PMDD that has not been
well evaluated.

The most important finding in this study is that progesterone is negatively associated with BAS and fun
seeking score. Previous reports has demonstrated that the progesterone decrease the reaction to reward(Sakaki
& Mather, 2012). Our result in women with PMDD demonstrated those had higher progesterone level had
lower reward sensitivity, particular fun-seeking. Thus, this result might suggest that the progesterone has
played a role, as a between-subjects factor, in determining the sensitive to reward among women with PMDD.

In line with our previous report(Yen et al., 2011), women with PMDD have higher BIS, representing
sensitive to aversive stimuli, than control group. Further, our results demonstrate the BIS become higher in
premenstrual phase among women with PMDD, but not in control group. Although the sensitivity to aversive
stimuli has been defined as a fundamental characters(Corr, 2004), these presenting results support that the
premenstrual exacerbation of aversion sensitivity among women with PMDD. Since the menstrual cycle
effect on aversion sensitivty is insignificant among control group, the pathology of premenstrual exacerbation
was not simply the menstrual cycle effect on these symptoms, but the higher vulnerability of women with
PMDD to the effect menstrual cycle on BIS. This claim based on our result is inline previous hypothesis that
PMDD has a different response to normal hormone level (Poiana et al., 2009).

Conclusion: The presenting studies demonstrate higher reward sensitivity of women with PMDD across
menstrual cycle and its contribution to food craving and impulsivity. Progesterone level and its change across
menstrual cycle negatively contribute to the reward sensitivity of women with PMDD, but not to that of
controls. It supports the reward sensitivity of women with PMDD was more vulnerable to progesterone effect
than controls. We also reveal that the prementraul exacerbation of sensitivity to aversion and its contribution
to depression, anxiety, and hostility among women with PMDD. These results supports that reward or
aversion sensitivyt play an important role in mechanism of PMDD and deserve detail studies.

V. # i Beidkig #2421 0 The brain activation of food craving in premenstrual phase of women with
PMDD and controls
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Results: A total of 20 females with PMDD and 20 controls were recruited in the analysis for fMRI data.

They are arranged to see the sweet food picture under investigation of fMRI.
Cue-induced craving paradigm in fMRI scanning: The cues used to induce food cravings to 70 sweet food
picture. The 70 neutral pictures were the pictures selected from International affective picture system. Each
subject then viewed the 140 images in a pseudo-random sequence while wearing the fMRI display goggles.
Each image was shown for 2 seconds, and the intervals between images were randomly jittered so that they
ranged from 3.2 seconds to 8.3 seconds. The paradigm was run for 800 seconds after 5 dummy scans (10s).
The final analysis included 400 volumes of data (excluding dummy scans).

All time series data of blood-oxygen-level-dependent(BOLD) contrast were exported from the GE

system and converted into statistical parametric mapping (SPM 5) format using MRIcro. The subsequent
image preprocessing and statistical analysis was performed using SPM5 package (Wellcome Department of
Cognitive Neurology, London, UK). Each image was realigned for motion correction, and the structural image
was co-registered to the mean motion-corrected functional image for each participant. The realigned datasets
were normalized to Montreal Neurological Institute (MNI) space. An 8-mm, full-width, half-maximum
Gaussian kernel was used for data smoothing.
The analysis was conducted by using an SPM5 to model sweet food cues versus neutral stimulation as
explanatory variables within the context of a general linear model on a voxel-by-voxel basis. A random effects
model was used to combine the gaming and smoking cue reactivity of individual subjects into a group
analysis with comparison t test. After including the contrast for sweet food cue [sweet food cue -neutral cue]
reactivates in each group. The brain activation for food craving in each group with a threshold of p<0.05, a
corrected false discovery rate (FDR), and a cluster size > 20 voxels. The group effect for gaming or smoking
cue reactivity was determined with a p<0.005 threshold in voxel level.

The comparison analysis demonstrated that the PMDD group have higher brain activation over
hippocampus, posterior cingulate, precuneus, inferior frontal lobe/insula, and superior frontal lobe. This result
suggest that PMDD women have higher brain reaction to sweet food picture.

The brain activation of sweet food craving higher among PMDD group

than that of control group.  (P<0.005 in voxel level)




Discussion

The result support that the sweet food picture drive a higher sweet food craving response over
hippocampus, inferior frontal lobe/insula, posterior cingulate, precuneus, and superior frontal lobe. The
hippocampus play an essential role in the emotional memory. Precuenus participate in the visual processing,
the insula associated with interceptive sensation, superior frontal lobe is associated with craving response. Our
result support that food cue would provoke a stronger brain reaction among women with PMDD than those
among controls. Further, there brain areas had been reported to associated with craving response. Thus, our
result might dmoentrate the mechanism to explain the increased appetite to sweet food among women with
PMDD.

VI. # &% eid=ig 47 % - The brain activation for low and higher demanding working memory among
women with PMDD.

Results: A total of 20 females with PMDD and 20 controls were recruited in the analysis for fMRI data.
They are arranged to complete the 2 back and 3 back task under investigation of fMRI.

2 back and 3 back task: A variant N-back paradigm modified from Braver’s study was utilized to assess
the phonological and visual-spatial working memory (Figure 1 in supplement of material, SOM1 ). In the
0-back condition of the first section, subjects responded to a single pre-specified target letter (e.g., ““6’’). In
the 2-back and 3-back conditions, the target was any number that was identical to the one presented two or
three trials back, respectively. Thus, WM load increased incrementally from the 0-back to the 3-back
condition. Stimuli included the numbers 1 to 6 presented as pseudorandom sequences; presented centrally
(200-ms duration, 800-ms interstimulus interval). All participants were asked to read all shown numbers in
mind to help them remember and trigger the phonological loop. Subjects responded to each stimulus with
their dominant hand, pressing the left button with the right thumb for targets (7 in 30 trials). Conditions were
run in blocks of 30s (30 stimuli) and arranged as 0-2-3-2-0-3-2-3-0.

All time series data of blood-oxygen-level-dependent(BOLD) contrast were exported from the GE system and
converted into statistical parametric mapping (SPM 5) format using MRIcro. The subsequent image
preprocessing and statistical analysis was performed using SPM5 package (Wellcome Department of
Cognitive Neurology, London, UK). Each image was realigned for motion correction, and the structural image
was co-registered to the mean motion-corrected functional image for each participant. The realigned datasets
were normalized to Montreal Neurological Institute (MNI) space. An 8-mm, full-width, half-maximum
Gaussian kernel was used for data smoothing.

First, two mean images of subtraction for each subject were created: the contrast of NO block subtracted from
N2 block and that of N2 block subtracted from N3 in both phonological and visual-spatial working memory
tasks on a voxel-by-voxel basis with SPM8. The subtraction demonstrated that the brain activation associated
with low demands and the increased load of working memory. Then, these mean images were combined in a
full-factor analysis. One independent factor, PMDD group versus control group, and one dependent factor.
The activation responses for the low level working memory (N2-NO) or increased load of working memory
(N3-N2) were demonstrated for phonological working memory among each group.

The comparison analysis demonstrated that women with PMDD have a lower brain activation over
superior frontal lobe than control group when processing working memory. On the other hand, women with
PMDD have a lower brain activation over posterior cingulate/precuneus in premenstrual phase than follicular
phase when processing working memory.
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The brain activation of working memory higher among control group

than that of PMDD group.  (P<0.005 in voxel level)

X=8 7=18 2=36

The brain activation of working loading higher among follicular phase than that of

premenstrual phase among PMDD group. (P<0.005 in voxel level)

Discussion

This result supported that PMDD women have an impaired working memory function over superior
frontal lobe in the premenstrual phase in comparison to control group. This result demonstrated the possible
mechanism to explain the impaired working memory function in our previous study. On the other hand, it also
demonstrated that women with PMDD have impaired brain activation over precuneus and posterior cingulate.
These results might suggest there is a difference brain activation of working memory between premenstrual
phase and follicular phase among women with PMDD. These results might indicate that women with PMDD
have a impaired brain activation in premenstrual phase. However, the between group difference and between
phase difference are over the difference brain areas.
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