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# < 4 & :© VWomen with PMDD had a series mood, cognitive, and

behavior symptoms in the premenstrual phase. The
symptoms could be improved in follicular phase and
exacerbated in the premenstrual phase. Since the
underline neurobiological mechanism of PMDD had not
been well understood, it is necessary to evaluate
their neuro-behavior presentation among women with
PMDD. A total of 97 women with PMDD and 65 controls
had completed the first evaluation and complete the
followed up study. The result demonstrated that women
the PMDD had higher irritability, depression,

anxiety, and impulsivity in both the premenstrual and



follicular phase. Further, the repeated measures
evaluation reveal a premenstrual exacerbation in
irritability, depression, anxiety, and impulsivity.
We also demonstrated that women with PMDD had higher
freeze response, lower affection adjustment, and
higher inattentive symptoms. The further analysis
demonstrated the premenstrual exacerbation in
affection adjustment and inattentive behavior.
Further, these two factors all contribute to not only
irritability, but also depression. These result would
suggest that emotion regulation style and cognitive
function are essential in mechanism of PMDD symptoms,
such as i1rritability and depression. Further, the
women with PMDD had a higher GMD over occipital lobe
than control. They also had a stronger caudate-insula
connectivity than control group. The caudate-insula
connectivity might indicate a behavior selection
based somatic information. The higher connectivity
might represent the vulnerability of behavior
decision subject to somatic symptoms. Within PMDD
group, their gray matter density over temporal and
frontal lobe was higher in premenstrual phase those
might indicate a higher blood flow. Lastly, they had
a stronger caudate-anterior cingulate connectivity
and insula connectivity in the premenstrual phase.
This would indicate the inhibitory behavior and
anxiety symptoms. Further analysis to reveal the
clinical implication of the brain imaging study is
necessary in future.

PMDD, irritability, emotion regulation, attention,
gray matter density, functional connectivity.
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Abstract

Women with PMDD had a series mood, cognitive, and behavior symptoms in the premenstrual phase.
The symptoms could be improved in follicular phase and exacerbated in the premenstrual phase. Since the
underline neurobiological mechanism of PMDD had not been well understood, it is necessary to evaluate
their neuro-behavior presentation among women with PMDD. A total of 97 women with PMDD and 65
controls had completed the first evaluation and complete the followed up study. The result demonstrated
that women the PMDD had higher irritability, depression, anxiety, and impulsivity in both the premenstrual
and follicular phase. Further, the repeated measures evaluation reveal a premenstrual exacerbation in
irritability, depression, anxiety, and impulsivity. We also demonstrated that women with PMDD had higher
freeze response, lower affection adjustment, and higher inattentive symptoms. The further analysis
demonstrated the premenstrual exacerbation in affection adjustment and inattentive behavior. Further, these
two factors all contribute to not only irritability, but also depression. These result would suggest that
emotion regulation style and cognitive function are essential in mechanism of PMDD symptoms, such as
irritability and depression. Further, the women with PMDD had a higher GMD over occipital lobe than
control. They also had a stronger caudate-insula connectivity than control group. The caudate-insula
connectivity might indicate a behavior selection based somatic information. The higher connectivity might
represent the vulnerability of behavior decision subject to somatic symptoms. Within PMDD group, their
gray matter density over temporal and frontal lobe was higher in premenstrual phase those might indicate a
higher blood flow. Lastly, they had a stronger caudate-anterior cingulate connectivity and insula
connectivity in the premenstrual phase. This would indicate the inhibitory behavior and anxiety symptoms.
Further analysis to reveal the clinical implication of the brain imaging study is necessary in future.

Key words: PMDD, irritability, emotion regulation, attention, gray matter density, functional connectivity.
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- . Atotal of 97 women with PMDD and 65 controls had complete the first evaluation and complete the
followed up study. They were recruited in the final analysis.

= . The irritability, depression, anxiety, and impulsivity of Women with PMDD:

1. Women with PMDD had higher score in irritability, depression, anxiety, impulsivity than the control
group not only in premenstrual phase, but also in follicular phase. This would suggest that they had
a higher mood and impulsivity symptoms even in the base line. (table 1)

2. The repeated measure two factors ANOVA demonstrated that the PMDD effect was interacted with
menstrual cycle effect on irritability, depression, anxiety, and impulsivity. These result will suggest
that women of PMDD exacerbated their irritability, depression, anxiety, and impulsivity in
comparison to control group.

3. These result would suggest women with PMDD had a higher base line symptoms. The symptoms
exacerbated in the premenstrual phase. Thus, aside of factors contribute to menstrual cycles, the
factors contribute to PMDD vulnerability could also contribute to these symptoms.

Table 1. The difference in irritability, depression, anxiety, and impulsivity between women with PMDD and
controls.

PMDD Case(N=97) Control(N=65)

Variables Mean SD Mean SD F
P Irritability 60.02 12.38 49.95 11.44 -5.229***
F Irritability 56.71 11.35 50.00 11.77 -3.635***
P Depression 23.08 8.69 9.09 5.61 -12.449***
F Depression 18.61 10.26 8.15 5.20 -8.531***

P Anxiety 53.68 9.70 45.97 8.62 -5.182***

F Anxiety 50.88 9.54 46.51 9.09 -2.911**
P Impulsivity 72.65 9.30 67.32 7.76 -3.812%**
F Impulsivity 70.96 8.36 68.25 8.08 -2.051*

P: premenstrual; F: follicular



Table 2. The interaction of PMDD and menstrual cycle effect on irritability, depression, anxiety, and
irritability.

Within-subjects Between-subjects
df Meansquare F df Meansquare F
Irritability  MC 1 20721 5.813* Irritable Intercept 1 913694.49 3786.849***
MC* 1 219.10 6.146* PMDD 1 5478.05 22.704%**
PMDD
Depression  MC 1 570.12 12.079** Depressive  Intercept 1 67594.96 797.911%**
MC* 1 243.28 5.154* PMDD 1 11627.99 137.260***
PMDD
Anxiety MC 1 99.89 4.935* Anxious Intercept 1 755476.17 4918.249***
MC* 1 21742 10.741** PMDD 1 2839.61 18.486***
PMDD
Impulsivity MC 1 1147 0.908 Impulsive Intercept 1 1516704.03  11537.970**
MC* 1 13295 10.532** PMDD 1 1257.61 9.567**
PMDD

= ~ The mood associated factors of women with PMDD

1. We firstly evaluate the response to reward and aversive stimuli with Jackson’s 5 scale. Women with
PMDD had lower behavior inhibition (a defensive approach) in premenstrual phase and had higher
freeze response in both premenstrual and follicular phase. However, the repeated measure ANOVA
demonstrated that they decline their behavior activation in premenstrual phase. This would indicate
their baseline freeze response are higher than controls. Further, they decrease their behavior
activation in premenstrual phase.

2. We then evaluate their affective style. It demonstrated that women with PMDD had lower ability to
adjust or tolerate their affection in the premenstrual phase. This would indicate they had impaired
their mood regulation in the premenstrual phase through impaired adjustment and tolerance of
affection. The repeated measures two factors ANOVA demonstrated that the menstrual effect
interacted with PMDD effect on adjustment of affection. This would suggest that women with
PMDD further impaired their mood regulation with adjustment in the premenstrual phase.

3. The questionnaire demonstrated the inattention in the premenstrual phase. The questionnaire
demonstrated that women with PMDD had higher inattentive behavior not only in the premenstrual
phase, but also in the follicular phase. Although the inattentive behavior exacerbated in the
premenstrual phase, this result might indicate the attentional resource is impaired among women
with PMDD across the menstrual cycle.



PMDD

Table 3.
PMDD Case Control
(N=97) (N=65)
Variables Mean SD Mean SD T
P Behavior activation 22.20 3.69 22. 88 3.53 1.173
F Behavior activation 23.47 3.01 22.28 4.12 -2.136*
P Behavior inhibition 22.06 3.57 23.26 3.14 2.196*
F Behavior inhibition 22.55 3.51 22.73 3.48 0.334
P Fight 15.45 4.26 14.52 3.52 -1.459
F Fight 15.19 4.00 14.25 4.02 -1.463
P Flight 20.85 3.69 20.11 4.10 -1.192
F Flight 20.94 3.72 19.31 4.08 -2.629**
P Freeze 18.84 3.18 17.63 3.19 -2.359*
F Freeze 18.47 3.51 17.35 3.41 -2.014*
P Concealing 26.30 5.27 26.83 5.78 0.605
F Concealing 26.72 6.01 27.25 5.01 0.581
P Adjustment 23.41 3.73 25.91 3.98 4.066***
F Adjustment 24.42 3.82 25.80 3.86 2.240*
P Tolerance 16.96 2.73 17.83 2.44 2.078*
F Tolerance 17.40 2.58 17.97 2.49 1.390
P Attentional deficit 27.35 9.23 14.78 8.66 -8.701***
F Attentional deficit 23.68 10.65 15.47 8.40 -5.183***
P: premenstrual; F: follicular
Table 4.
Within-subjects Between-subjects
df Mean F df Mean F
square square
BAS MC 1 8.68 1.759 BAS Intercept 1 157741.88 7897.071***
MC* 1 68.63  13.932*** PMDD 1 1219 0.610
PMDD
Flight MC 1 1219 2312 Flight Intercept 1 126246.75 5124.155%**
MC* 1 18.61  3.528 PMDD 1 10221 4.149*
PMDD
Freeze MC 1 8.94 2.758 Freeze Intercept 1 100702.62 4304.680***
MC* 1 0.01 0.004 PMDD 1 9319 4.909*
PMDD
Adjustment MC 1 18.41  4.397* Adjustment Intercept 1 190164.41 7473.959***
MC* 1 20.83 4.976* PMDD 294.53 11.576**



Tolerance MC 6.30 2.282 Tolerance Intercept 1 94332.17  8814.90***
MC* 2.00 0.725 PMDD 1 37.97 3.548
PMDD

Attention MC 180.08 4.786* Attention Intercept 1 127075.21 910.003***
MC* 399.68 10.623** PMDD 1 8450.41 60.515***
PMDD

2z ~ The correlates of irritability in premenstrual phase among women with PMDD: To understand the

factors contributing to irritability, we evaluate the association between irritability and others factors in

premenstrual phase among women with PMDD. It demonstrated a close association between core

symptoms of PMDD. Further, PMDD women with higher irritability had higher freeze and attentional

deficit and lower affection adjustment. This would suggestion that cognitive function, emotional regulation,

and response to aversive stimuli all contribute to the irritability of PMDD women.

Table 5.
Irritability | Depression | Anxiety Impulsivity | BIS Flight Freeze | Adjustment | Tolerance
Irritability 1
Depression 0.381*** | 1
Anxiety 0.426*** | 0.384*** 1
Impulsivity 0.229* 0.174 0.102 1
BAS -0.034 -0.131 -0.015 0.112 1
Flight 0.129 -0.034 0.239* 0.029 0.222* |1
Freeze 0.237* 0.316** 0.308** 0.150 -0.138 | 0.258* |1
Adjustment -0.430*%** | -0.297** -0.443*** | -0.135 0.165 -0.185 | -0.199 |1
Tolerance -0.116 -0.203* -0.323** 0.091 0.088 -0.113 -0.108 | 0.547*** 1
Attentional 0.358*** | 0.413*** | 0.183 0.526%** -0.051 | 0.086 0.176 -0.237* -0.059
deficit

I ~ The comorbidity of PMDD and role of irritability

1. Our result demonstrated that women with PMDD were more likely to have general anxiety disorder.

Further, women with IGD had higher irritability, freeze response, lower affection adjustment and
higher attentional deficit. These results are compatible to criteria of GAD.

2. The regression model demonstrate that GAD was significant associated with PMDD. Further, under
control of irritability, the association between insignificant. It would suggest that irritability could
be a significant mediating factor to the association between PMDD and GAD.

3. This result suggest that irritability palyed an important role in the comorbidity of PMDD.
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Table 6. The association between PMDD and general anxiety disorder.

PMDD Case Control
(N=97) (N=65) Chi-squared
Variables N % N % test
Generalized 15 155 2 3.1 6.358*

anxiety disorder

Table 7. The association between GAD and irritability, behavior inhibition, flight, freeze, adjustment,

tolerance, attentional deficit.

Generalized anxiety disorder Normal
(N=18) (N=187)
Variables Mean SD Mean SD T
Irritability 63.11 10.20 54.95 12.79 -2.626**
BAS 22.78 3.61 22.58 3.55 -0.228
Flight 20.67 3.25 20.41 3.91 -0.273
Freeze 20.06 3.56 17.83 3.48 -2.591*
Adjustment 21.89 3.72 24.90 4.01 3.056**
Tolerance 16.17 2.41 17.43 2.62 1.963
Attentional deficit 28.39 9.29 21.57 10.89 -2.566*

Table 8. The regression model for PMDD.

B S.E. Wald OR 95% C.I.
Model |
GAD 1.75 0.77 5.157* 5.76 1.27-26.12
Model Il
GAD 1.35 0.79 2.92 3.87 0.82-18.27
Irritability 0.07 0.02 17.89*** 1.07 1.04-1.10

= ~ The evaluation for gray matter density of PMDD table 9, 10

1.The voxel based morphometric analysis demonstrated women with PMDD had higher gray matter
density over occipital lobe. However, the difference is just over significance threshold.

2.The analysis also demonstrate women of PMDD had higher gray matter density over temporal and
frontal lobe in premenstrual phase than those in follicular phase. As this is a paired t test, the
difference should be further evaluated. Although they could be insignificant under FDR correction,
the difference might indicate the blood flow change in different phase of menstrual cycle. Figure
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Table 9. Brain areas with higher gray matter density among women with PMDD than those among controls

Talairach

Region of activation coordinates
RE/LY BA* X Y Z \Voxels Zf P pe

Control
Cerebulum R 0/0 53 -55 -48 4.02 <0.001 0.025
Occipital_Inf L 19/19 -30 -81 -3 191 <0.001 0.037
Lingual R 18/18 18 -100 -8 323 <0.001 0.009
Fusiform R 37/37 39 -57 -11 <0.001

© P: p value in cluster level.

Table 10. The brain areas with higher gray matter density in premenstrual phase than those in follicular phase

among women with PMDD

Region of activation

Talairach coordinates

RE/LY BA® X Y Z \Voxels Zf P pC
PMDD Luteal
Temporal_Pole_Mid L 38/38 -54 14 -27 763 4.13 <0.001 0.000
Frontal_Mid R 46/46 31 45 24 153 4.06 <0.001 0.013
Frontal_Mid R 46/46 40 45 30 3.42 <0.001
Precentral R 6/6 37 3 52 108 3.75 <0.001 0.033
Frontal _Inf_Orb R 0/0 54 36 -9 108 3.63 <0.001 0.033
Precentral L 6/6 54 2 40 201 3.61 <0.001 0.006
Precentral L 6/6 -53 -1 48 3.23  0.001

G P: p value in cluster level.

-~ ~ The differences in functional connectivity between PMDD and control group in premenstrual phase.

1.The functional connectivity analysis demonstrated that women with PMDD had higher functional
connectivity between ipsilateral nucleus caudate and insula than those in control group.

2.As caudate paly an important role in emotional processing, a stronger caudate and insula might
indicate the somatic feeling from insula was strong connect to caudate. It might explain why women
with PMDD had stronger emotional expression under menstrual cycle.
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Table 11.

Region of Seed MNI coordinates

RE/LY BA* X Y Z Voxels  Zf P pe
Left caudate
Temporal_Sup R 22/22 63 -12 12 344 3.30 0.012 <0.001
Insula R 48/48 45 -3 -3 3.24 0.001
Postcentral R 43/43 66 -12 27 3.21 0.001
Right caudate
Insula L 48/48 -42 -9 O 353 3.45 0.010 0.001
Frontal _Inf_Orb L 47147 -33 24 -9 3.43 0.001
Insula L 48/18 -36 15 -12 3.26 0.001

 P: p value in cluster level.

A~ The differences in functional connectivity of PMDD women between premenstrual phase and follicular
phase.

1.The result demonstrated that women with PMDD had higher functional connectivity to left caudate
over anterior cingulate. The same presentation was noted to right side. These indicate they had a
higher caudate-anterior cingulate connection in the premenstrual phase than those in follicular phase.

2.Further, they also had a stronger bilateral insula connection in the premenstrual phase than those in
follicular phase.

Table 12. The brain areas with functional connectivity higher in premenstrual phase than those in follicular
phase among women with PMDD

MNI
RC/LY BA* X Y Z \oxels ZzZf P pe

Left Caudate
Temporal_Pole_ Sup R 38/38 45 12 -24 3.10 0.013 0.001
Frontal_Mid_Orb R 10/10 12 45 0 210 3.25 0.034 0.001
Cingulum_Ant R 0/0 3 6 30 3.24 0.001
Right Caudate
Cingulum_Ant R 24/24 3 9 30 279 3.74 0.014 <0.001
Cingulum_Mid R 24/24 9 0 39 3.32 <0.001
Temporal_Pole_Sup R 38/38 45 12 -24 3.16 0.001
Rolandic_Oper R 48/48 45 -30 24 180 3.19 0.041 0.001
Heschl R 48/48 36 -24 18 3.17 0.001
Right insula
Temporal_Sup R 0/0 48 3 -9 Inf. <0.001
Insula L 48/48 913 6.52 <0.00 <0.001

33 15 6 1
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Temporal_Pole Sup L 38/38 -54 12 -9 6.05 <0.001
Temporal_Sup L 38/38 -60 6 -3 4,77 <0.001

A.The brain areas with higher functional connectivity to
right amygdala in premenstrual phase than those in
follicular phase among PMDD group.

(P<0.05 in cluster level)
Y=12

2=27

X=3

B.The brain areas with higher functional connectivity to
left caudate in premenstrual phase than those in
follicular phase among PMDD group.

(P<0.05 in cluster level)
X=42 Y=2/

C.The brain areas with higher functional connectivity to
right caudate in premenstrual phase than those in
follicular phase among PMDD group.

(P<0.05 in cluster level)
X=3 Y=9 Z=24 Z=30
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D.The brain areas with higher functional connectivity to
left anterior cingulate in premenstrual phase than those
in follicular phase among PMDD group.

(P<0.05 in cluster level)

E.The brain areas with higher functional connectivity to
right insula in premenstrual phase than those in follicular
phase among PMDD group.

(P<0.05 in cluster level)

Y=

ERE RS

The study demonstrate that women with PMDD had higher irritability not only in the premenstrual phase,
but also in the follicular phase. Further, the irritability increased significantly in the premenstrual phase. This
result supported that irritability demonstrated a menstrual cycle change as previous definition of PMDD.
Further, other core symptoms, such as depression, anxiety, and impulsivity have the same presentation.
However, the premenstrual exacerbation was stronger in anxiety and impulsivity. This result indicated that
anxiety is another important symptoms of PMDD.

We further evaluated the associated factors of emotional regulation. The evaluation for reward and
aversion sensitivity demonstrated that women with PMDD had a lower defensive approach behavior (BIS) in
the premenstrual phase. Further, they are more likely to take freeze response when meeting aversive response
not only in premenstrual phase, but also in follicular phase. This is compatible to their clinical symptoms, lack
of interest and motivation, in the premenstrual phase. However, as the freeze was also significant higher in
follicular phase. It might represent some characteristic contributing to PMDD symptoms. The further analysis
revealed a significant association between freeze response and irritability in premenstrual phase among
women with PMDD. The association might indicate the irritability might represented as anger in behavior. It
is compatible to our clinical experience. Most subjects with PMDD feel anger, but try to suppressed in the
premenstrual phase. However, this would contribute their cardiovascular risk.
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Then, we evaluated the affective style of PMDD. The result demonstrated that they had lower affection
adjustment and tolerance in the premenstrual phase. They might explain why they had higher irritability,
depression, and anxiety symptoms in the premenstrual phase. The further evaluation demonstrated that
affection adjustment was deteriorated in the premenstrual phase. This would suggest the impaired affection
adjustment could be the characteristic of emotion regulation of PMDD. The correlation analysis demonstrated
that affection adjustments negatively associated with depression, anxiety, and irritability in premenstrual
phase among women with PMDD. This result would support that impaired affection adjustment contributed to
irritability of PMDD.

Our data also demonstrated that women with PMDD had poor attention both in premenstrual and follicular
phase. This would indicated that they had an impaired attention in the base line. The repeated measures
analysis support that the attention deteriorated in the premenstrual phase. Further, PMDD women with higher
inattentive symptoms had higher depression and irritability in the premenstrual phase. This would support that
cognitive function play an important role in emotion regulation in the premenstrual phase. As the cognitive
effort was necessary to control the emotion, PMDD women with impaired cognitive resource will had a
difficulty in regulate their mood. Thus, it is important to enhance their cognitive function or cognitive
resource to assist the women with PMDD.

We also evaluated the association between PMDD and general anxiety disorder. The result demonstrated
that women with PMDD are more likely to had general anxiety disorder. The further evaluation demonstrated
that irritability mediate the association between PMDD and GAD. This suggest irritability play an important
role in the PMDD and GAD.

We then evaluated the change in brain structure change among women with PMDD. The between group
analysis demonstrated that women with PMDD had higher gray matter density over occipital lobe. However,
the difference is just over significance threshold. As the occipital lobe had the most important role in visual
system. However, it is not the core symptoms of PMDD. Thus, its clinical significance deserved further
evaluation. On the other hand, women of PMDD had higher gray matter density over temporal and frontal
lobe in premenstrual phase than those in follicular phase. However, it is not reasonable that the brain structure
would change in two weeks. As the BOLD signal is vulnerable to blood flow, the reached threshold difference
might indicate the menstrual-phase dependent blood flow over temporal and frontal lobe. A further correlation
analysis was necessary to reveal the clinical interpretation of these brain structure change.

The most important evaluation is the resting-functional connectivity study. Our result demonstrated that
that women with PMDD had higher functional connectivity between ipsilateral nucleus caudate and insula
than those in control group. Previous reviews conclude that the caudate nucleus contributes to behaviour
through the excitation of correct action schemas and the selection of appropriate sub-goals based on an
evaluation of action-outcomes; both processes fundamental to successful goal-directed action. This is in
contrast to the putamen, which appears to subserve cognitive functions more limited to stimulus-response, or
habit, learning. This modular conception of the striatum is consistent with hierarchical models of
cortico-striatal function through which adaptive behaviour towards significant goals can be identified
(motivation; ventral striatum), planned (cognition; caudate) and implemented (sensorimotor coordination;
putamen) effectively(Grahn, Parkinson, & Owen, 2008).
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The caudate-insula connectivitvy had been suggest to play a role in reward process and contribute to
obesity(Nummenmaa et al., 2012). Thus, the higher connectivity between caudate and insula might represent
another symptoms of PMDD, over eating in the premenstrual phase. Further, the high connectivity between
caudate and insula might also indicate they select their behavior highly based on somatic information. In the
premenstrual phase, this would make them make impulsive behavior based on their somatic discomfortable.
However, the claim should be proved in future study. Or further correlation analysis was necessary.

Further analysis for functional connectivity between premenstrual phase and follicular phase also
demonstrated the connectivity difference over caudate and insula among women with PMDD. It demonstrated
that women with PMDD had a stronger connectivity between caudate and anterior cingulate in the
premenstrual phase. Since anterior cingulate is essential in error processing and inhibition, this would
indicated that their behavior was highly inhibited in premenstrual phase. This result is compatible to this
presenting result showing highly freeze among women in PMDD.

On the other hand, we also demonstrated a stronger connectivity over insula among women with PMDD.
The stronger insula association might indicate the higher somatic symptoms and the concern to somatic
symptoms in the premenstrual phase. As insula participating the network essential for emotional process, the
higher connectivity over insula had been suggest to indicate a symptoms of anxiety. This would compatible to
our result that PMDD women had higher anxiety symptoms.

Our result demonstrate a significant premenstrual exacerbation in depression, irritability, anxiety, and
impulsivity among women with PMDD. The freeze response, affection adjustment, and inattentive symptoms
might contribute to irritability of PMDD in the premenstrual phase. The PMDD was significant associated
with GAD and irritability mediate the association. The women with PMDD had a higher GMD over occipital
lobe than control. Further, they had a stronger caudate-insula connectivity than control group. Within PMDD
group, their gray matter density over temporal and frontal lobe was higher in premenstrual phase those might
indicate a higher blood flow. Lastly, they had a stronger caudate-anterior cingulate connectivity and insula
connectivity in the premenstrual phase. This would indicate the inhibitory behavior and anxiety symptoms.
Further analysis to reveal the clinical implication of the brain imaging study is necessary in future.
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