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: Women with premenstrual dysphoric disorder(PMDD) experience

a series of symptoms, including depression, anxiety,
irritability, appetite change, in-concentration, and sleepy
in the later luteal phase. These symptoms could be
dramatically relieved by menstruation. A total of 3-8% of
women in the general population have this disorder which
impaired their daily life in the late luteal phase. The
DSM-5 included 1t in the official diagnosis in 2003. Based
on the treatment study, gonadotropic hormone, serotonin,
and inflammatory factors had been suggested to contribute
to the mechanism of PMDD. However, there is no study has
validated the role of these factors involving in PMDD
symptoms. As PMDD has multiple dimensions of symptoms,
including mood, cognition, appetite, and sleep, various of
systems, have been suggested to contribute to PMDD.
Serotonin, hormones, stress-cortisol response, inflammatory
system, autonomic system, sleep mechanism, and brain
circuits have been suggested to explain PMDD symptoms. We
hypothesized that women with PMDD own pre-existed
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vulnerability to hormone change or inflammatory reactions
in the menstrual cycle. After that, the vulnerability-
induced symptoms mechanisms provoke the PMDD symptoms. Due
to the complexity of these factors, the research domain of
criteria was utilized to evaluate these systems at the
later luteal phase and early follicular phase in 58 women
with PMDD and 50 controls. Our result revealed that
cortisol 1s a key factor in PMDD. The concentration of
STREM-2 and IL-18 negatively correlated with Cortisol
levels. There is no difference in autonomic function and
cognitive function between the PMDD group and controls.
Further analysis demonstrated that sTREM-2 and IL-18
negatively correlated with the power spectrum of
sympathetic function. This result first demonstrated the
association between inflammatory factors and autonomic
function. Further study is required to demonstrate the
mechanism. On the other hand, our result demonstrated a
higher comorbid rate of generalized anxiety disorder and
depressive disorder among women with PMDD. Women with PMDD
have poorer emotional regulation and resilience at the LL
phase. Further, depression and anxiety disorder
demonstrated LL phase exacerbation among women with PMDD.
However, emotional regulation and resilience were
exacerbated during the ML phase (earlier than depression
and anxiety). Further analysis also demonstrated that
emotional regulation and resilience contribute to
depression and anxiety of PMDD. This might indicate that
the mechanism for impaired emotional regulation might be
different from PMDD symptoms and require further study. In
conclusion, our result demonstrated a possible complex
interaction between PMDD, cortisol, inflammatory factors,
and autonomic function. Further, emotional regulation and
resilience could be impaired earlier during the ML phase
and require further study to understand their mechanism. We
will further evaluate the possible mechanism in the coming
year s study.

PMDD ~ Menstrual cycle ~ cortisol ~ inflammation ~ IL-18 ~
comorbidity ~ emotional regulation ~ resilience
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Table 1: The difference in Estrogen, progesterone, leptin, cortisol, and other factors of

inflammation between PMDD group and controls

PMDD group Control group
(Mean £+ SD) (Mean = SD)
Variables (N=58) (N=50) Independent ¢

Age (28.09+4.73) (27.98+4.83) 0.115
Educational level (16.40+1.20) (16.70+1.47) -1.162
Estrogen

Pre-Ovulation (197.07+123.90) (215.12+183.25) -0.607

Mid luteal (203.08+86.63) (220.63+£99.27) -0.981

Late luteal (115.88+87.72) (100.23+£77.62) 0.975
Progesterone

Pre-Ovulation (1.9943.32) (1.94+2.92) 0.089

Mid luteal (12.56+8.52) (13.254+9.66) -0.391

Late luteal (6.36+7.56) (5.60+7.77) 0.520
Leptin

Pre-Ovulation (27.34+24.75) (24.06+15.26) 0.814

Mid luteal (28.06£32.05) (24.61£14.27) 0.703

Late luteal (23.81+14.49) (21.83+14.07) 0.720
Cortisol

Pre-Ovulation (12.81+4.35) (12.56+3.74) 0.318

Mid luteal (12.78£3.79) (11.87+£3.69) 1.250

Late luteal (12.62+3.30) (10.82+3.79) 2.635%*
MCP-1

Pre-Ovulation (91.63+60.34) (94.18+32.97) -0.266

Mid luteal (81.49+47.12) (74.75+23.86) 0.915

Late luteal (81.11£50.13) (78.50+£24.67) 0.335
sSTREM-2

Pre-Ovulation (942.17+305.57) (1064.00+418.98)  -1.742

Mid luteal (880.06+269.70) (1012.79£539.54)  -1.578

Late luteal (1006.36+315.50)  (1120.04+457.05)  -1.521



sTREM-1

Pre-Ovulation (244.80+£373.98) (219.454£259.25) 0.403
Mid luteal (242.05+333.33) (196.81+£256.37) 0.781
Late luteal (228.10+£328.29) (190.604252.45) 0.657
Beta-NGF

Pre-Ovulation (13.51+£23.91) (11.15+£7.62) 0.668
Mid luteal (11.42+15.85) (8.85+5.61) 1.091
Late luteal (13.78+£25.00) (10.074£5.46) 1.028
IL-18

Pre-Ovulation (401.51%£177.77) (381.59+£158.41) 0.610
Mid luteal (383.21+£151.83) (371.93£152.93) 0.384
Late luteal (418.56+174.47) (425.30+£142.72) -0.218
SRAGE

Pre-Ovulation (242.03+£329.60) (282.094+255.09) -0.698
Mid luteal (185.52+176.10) (148.85+£119.14) 1.247
Late luteal (139.15+£95.97) (118.66+67.82) 1.262
CX3CL1

Pre-Ovulation
Mid luteal
Late luteal

(2603.20+£2647.46) (2642.97+2477.27) -0.080
(2627.89+2447.50) (2036.09+1743.08) 1.426
(2579.5742405.70) (2069.56+1738.91) 1.244
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Table 2 The difference in PMDD severity, parasympathetic, and sympathetic tone, cognitive

performance between PMDD group and controls

PMDD group Control group
(Mean £+ SD) (Mean £+ SD)
Variables (N=58) (N=50) Independent ¢
PMDD severity
PO _PMDDSQ (39.36+28.19) (19.84+£15.65) 4.527**
ML PMDDSQ (44.38+25.58) (20.90+17.50) 5.628%**
LL PMDDSQ (62.55+23.32) (26.52+20.70) 8.430%**
HF (Rl 2 R # &)
Pre-Ovulation (5.72£1.52) (6.23£1.38) -1.786
Mid luteal (5.92+1.59) (5.83£1.32) 0.301



Late luteal (5.88+1.39) (5.90+1.14) -0.071
LF(RE#H F)

Pre-Ovulation (6.26+1.27) (6.55+1.33) -1.152

Mid luteal (6.42+1.50) (6.22+1.07) 0.803

Late luteal (6.21+1.47) (6.15+0.95) 0.227
LF/HF

Pre-Ovulation (0.54+0.81) (0.31+0.83) 1.474

Mid luteal (0.53+1.19) (0.39+0.78) 0.705

Late luteal (0.32+1.04) (0.21£1.05) 0.566
CPT3_Detectability d

Pre-Ovulation (18.19£9.50) (47.66£8.57) 0.302

Mid luteal (46.47+8.84) (45.44£8.04) 0.627

Late luteal (48.14+9.87) (45.88+10.27) 1.163
CPT3_Omission

Pre-Ovulation (46.33£2.25) (47.32£5.79) -1.141

Mid luteal (47.00+£6.437) (46.22+2.12) 0.819

Late luteal (47.16+£4.41) (47.48+6.52) -0.298
CPT3_ Commissions

Pre-Ovulation (50.74£10.60) (49.46+9.28) 0.663

Mid luteal (48.93£8.77) (47.06£8.50) 1.122

Late luteal (50.07+11.18) (47.18+9.63) 1.427
CPT3_ Perseverations

Pre-Ovulation (49.19+6.21) (49.12+3.99) 0.068

Mid luteal (49.00£6.03) (49.54£5.78) -0.473

Late luteal (51.12£8.21) (51.39£8.73) -0.159

*x%, p(.001

(z) - HLA FRasd LFFF M 7 L Tase STREM-2 2 IL-18 4p B » &
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EApBlh o A HPBE LA SRR APH o B3 2 'S ¥ % % > hypothalamic—pituitary—
adrenal (HPA) axis /#4427 3 4e IL-18 & > B IL-18 2. B p 240 (55 B > ¥ 3%
B4 ¢ ONS 55 ¢ Bif- %4 ¢ (Sugama & Conti, 2008) %47 5 © ip|pLip] £ £ 1L-18
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Table 3 the association between cortisol, STREM-2, IL-18, autonomic function, and CPT-III

performance among all participants.

Variables Cortisol sTREM-2 IL-18
sTREM-2 -0.27** 0.29%**
IL-18 -0.27** 0.29%*

HF -0.06 -0.16 -0.12
LF 0.01 -0.24** -0.22%*
LF/HF 0.07 -0.01 -0.00
Detectability 0.09 -0.12 0.03
Omission 0.12 -0.02 0.11
Comission 0.05 -0.15 -0.01
Perserverations -0.04 -0.23%x* 0.02

% p<0.01; #%%: p<0.001

() é A FRe g L7323 UFF 20w Fsheop/k 2 ¥ Ee s PMDD 2 p
2 AWM T o B » STREM-2 22 IL-18 2 2 B ¥ S5 R ILAE % f 4phd > BEor H Ap Bl
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Table 4 the association between cortisol, STREM-2, IL-18, autonomic function, and CPT-III

performance among PMDD group.

Variables Cortisol sTREM-2 IL-18
sTREM-2 -0.27%* 0.29%*
IL-18 -0.27%* 0.29%**

HF -0.06 -0.16 -0.12
LF 0.01 -0.24%* -0.22%
LF/HF 0.07 -0.01 -0.00
Detectability 0.09 -0.12 0.03
Omission 0.12 -0.02 0.11
Comission 0.05 -0.15 -0.01
Perserverations -0.04 -0.23%** 0.02

*E: p<0.01; ***: p<0.001
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= ~ % % = :The comorbidity of depression and anxiety, emotional regulation, and resilience among
women with Premenstrual dysphoric disorder during the luteal phase.

(= ) Results:

The GAD, MDD, and PMDD

GAD was diagnosed in 22.4% and 6% of participants in the PMDD and control groups,
respectively. The Chi-square analysis demonstrated a significant association between GAD and
PMDD (X?=5.73, p=0.017). MDD was diagnosed in 19.0% and 4.0% of participants in the
PMDD and control groups, respectively. The Chi-square analysis demonstrated a significant
association between MDD and PMDD (X?=5.68, p=0.013).

Table 5 The comorbidity of Generalized Anxiety Disorder(GAD) and Major depressive
disorder(MDD) of women with Premenstrual Dysphoric Disorder(PMDD) and their emotional
reﬁulation and resilience.

PMDD group Control group
(Mean + SD) (Mean + SD)
Variables (N=58) (N=50) X?

GAD

Yes 13 (81.3%) 3 (18.8%) 5.73%

No 45 (48.9%) 47 (51.1%)
MDD

Yes 11 (84.6%) 2 (15.4%) 5.680*

No 47 (49.5%) 48 (50.5%)
Emotional Comorbidity

Yes 17 (77.3%) 5(22.7%) 6.173*

No 41 (47.7%) 45 (52.3%)

Independent ¢

Age 28.09+4.73 27.98+4.83 12
Educational level 16.40+1.20 16.70+1.47 -1.16
Depression ?

Pre-Ovulation 18.70+9.92 14.24+8.51 2.490*

Mid luteal 19.98+9.73 13.10+8.56 3.874%%*

Late luteal 25.78+10.73 14.34+8.49 6.0727%%*
Anxiety P

Pre-Ovulation 53.03+9.95 49.66+10.62 1.703

Mid luteal 54.40+9.05 49.12+10.16 2.855%*

Late luteal 56.28+9.55 49.42+10.09 3.626%%*
Emotional regulation ¢

Pre-Ovulation 68.76+10.18 67.14+7.80 0.93

Mid luteal 65.09+£10.06 66.86+7.79 -1.01

Late luteal 63.48+11.19 66.44+7.99 -1.56
Concealment ¢

Pre-Ovulation 27.29+6.24 25.20+4.62 1.96

Mid luteal 25.43+5.74 24.88+5.29 52

Late luteal 24.91+5.92 24.98+4.89 -.06
Adjustment €

Pre-Ovulation 23.48+4.37 24.12+3.54 -.82

Mid luteal 22.78+4.53 24.20+3.33 -1.88

Late luteal 21.64+4.57 23.58+3.70 -2.40%*
Tolerance ©

Pre-Ovulation 18.00+2.68 17.82+2.27 0.37

Mid luteal 16.88+2.86 17.78+2.36 -1.77

Late luteal 16.93+£3.13 17.88+1.92 -1.86
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Resilience ¢

Pre-Ovulation 68.41+11.83 69.68+12.22 -.55
Mid luteal 65.12+12.08 69.14£12.91 -1.66
Late luteal 61.59+£12.57 68.80+11.47 -3.110%*

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

The emotional symptoms, emotional regulation, and resilience of women with PMDD
during the PO, ML, and LL phases.

Women with PMDD have higher scores in depression than controls during PO (=2.49;
p=0.014), ML (=3.87; p<0.001), and LL phases (=6.07; p<0.001). They also have a higher
score in anxiety ML (=2.86; p=0.005), and LL phases (=3.63; p<0.001). They also have a lower
affective adjustment (+=-2.40; p=0.018) and resilience (=-3.10; p=0.003) than the control during
the LL phase.

The repeated measures ANOVA demonstrate a significant effect of the interaction term
between ML phase effect and PMDD diagnosis on emotional regulation (F=4.55, p=0.035). It
demonstrated women with PMDD decreased more in emotional regulation during the ML phase
than controls.

Table 6 The Repeated Measures ANOVA analysis for the effect of menstrual phases and PMDD

diagnosis on depression, anxiety, emotional regulation, and resilience.

Variables df  Mean Square  F (p) >
Test 1 for menstrual phase

effect (ML versus PO)

Depression ?

Menstrual Phase 1 6.458 191 .002
PMDD 1 1746.481 12.874%* 110
PMDD X Menstrual Phase 1 117.232 3.468 .032
Anxiety °

Menstrual Phase 1 12.172 385 .004
PMDD 1 846.491 5.112%* .047
PMDD X Menstrual Phase 1 54.965 1.738 .016
Emotional regulation ©

Menstrual Phase 1 235.922 6.047* .055
PMDD 1 2.632 .021 .000
PMDD X Menstrual Phase 1 177.545 4.551*0.035 .042
Resilience ¢

Menstrual Phase 1 209.889 4.537* .042
PMDD 1 386.458 1.503 .0114
PMDD X Menstrual Phase 1 111.568 2412 .023
Test 2 for Menstrual phase

effect (LL versus PO)

Depression *

Menstrual Phase 1 655.982 12.588** 107
PMDD 1 3259.496 25.004%** 192
PMDD X Menstrual Phase 1 671.310 12.882*%*0.001 .109
Anxiety °

Menstrual Phase 1 119.243 2.952 .027
PMDD 1 1340.027 8.245%* .073
PMDD X Menstrual Phase 1 161.411 3.996*0.048 .037
Emotional regualtion ©

Menstrual Phase 1 476.021 9.388** .082
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PMDD 34.807 266 .003
PMDD X Menstrual Phase 280.918 5.540*0.02 .050
Resilience ¢

Menstrual Phase 723.034 14.482%** 121
PMDD 934.333 3.869 .036
PMDD X Menstrual Phase 523.184 10.479**0.002 .0991

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

The analysis for the LL phase also demonstrated a significant effect of the interaction
term between the LL phase effect and PMDD diagnosis on depression(F=12.88, p=0.001),
anxiety(£=4.00, p=0.048), emotional regulation(F#=5.54, p=0.02) and resilience(F=4.55,
p=0.035). These results demonstrated that women with PMDD increased in depression and
anxiety during the LL phase than controls. Further, they decreased more in emotional regulation
and resilience during LL phase than controls.
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This result might suggest that Women with PMDD decreased their emotional regulation
during the ML phase, which is earlier than depression and anxiety symptoms. This would
suggest emotional regulation could deteriorate before the exacerbation of PMDD symptoms.

The emotional symptoms, emotional regulation, and resilience among women with PMDD with
emotional comorbidity (PMDD+) and those without (PMDD-)

The independent t-test demonstrated that women with PMDD+ have higher PO
depression(=3.27; p=0.002), and PO anxiety(=3.16; p=0.003) than those with PMDD-. Further,
paired t-tests demonstrate a significant difference in depression (=-4.96; p<0.001) and anxiety (=
33.24; p=0.002) between PO and LL phases among women with PMDD-. However, there is no
significant difference among women with PMDD+.

Women with PMDD+ have lower emotional regulation than those with PMDD- during ML(#= -
2.18 p=0.034) and LL phase(= -2.05 p=0.046). They also have a lower resilience than those with
PMDD- during PO(= -3.06 p=0.003) and LL phase (= -2.21 p=0.032). This result demonstrated a
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difference in emotional regulation and resilience during the LL phase. Further, paired t-test
demonstrate a significant difference in emotional regulation (= -2.68; p=0.01) and resilience (+=3.97;
p<0.001) between PO and LL phase among women with PMDD-. However, there is no significant

difference among women with PMDD+.

This result clearly demonstrated that PMDD women with emotional comorbidity have higher
depression and anxiety than those without during the pre-ovulation phase. It would suggest they have
emotional difficulty before the luteal phase. Further, the significant late luteal deterioration in
depression and anxiety is only shown among women without emotional comorbidity.

Table 7 . The difference in depression, anxiety, emotional regulation, and resilience between PMDD

women with comorbidity(PMDD+) and those without(PMDD-).

PMDD + Paired ¢ PMDD - Paired ¢ t
(Mean + SD) (Mean + SD)
Variables (N=17) (N=41)
Depression *
Pre-Ovulation 24.824+9.25 16.17£9.14 3.271%*
Mid luteal 23.4749.02 18.53+£9.75 1.792
Late luteal 28.71+9.64 1.18 24.56+11.03 4.96**%*  1.349
Anxiety °
Pre-Ovulation 59.00+10.03 50.56+8.92 3.162%*
Mid luteal 56.71+£8.31 53.44+9.27 1.258
Late luteal 59.71+10.76 23 54.85+8.75 3.24%* 1.796
Emotional
Regulation °
Pre-Ovulation 64.76+11.64 70.44+9.16 -1.98
Mid luteal 60.76+8.21 66.88+10.29 -2.18%*
Late luteal 58.94+11.18 -1.94  65.37£10.78 -2.68* -2.05%*
Resilience ¢
Pre-Ovulation 61.53+14.08 71.2749.57 -3.06**
Mid luteal 61.18+11.63 66.80+£12.02 -1.63
Late luteal 56.12+13.12 -1.64  63.85+£11.76 -3.97%*% D D%

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

The association between emotional regulation, resilience, and emotional symptoms among

PMDD group.

Pearson’s correlation demonstrated a significant negative correlation between emotional regulation,

except for concealment, and resilience and depression and anxiety among women with PMDD. The

independent #-test demonstrated PMDD women with higher resilience have significantly lower
depression (PO: =-2.26; p=0.028; ML: =-2.31; p=0.025; LL: =-3.63; p=0.001 ) and anxiety (PO:
=-2.56; p=0.013; ML: =-2.11; p=0.039; LL: =-2.72; p=0.009) than those with lower resilience
during PO, ML, and LL phase. Further, they have a higher ML (#=3.11; p=0.003) and LL(#= 5.00,

»<0.001) emotional regulation than those with lower resilience. These result suggest emotional

regulation and resilience were key factors in protecting PMDD women from depression and anxiety.
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