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a b s t r a c t
Contradictory ﬁndings show both positive and negative effect of progesterone on the premenstrual mood
changes in women. Here we present the study investigating this relationship on the large sample of premenstrual women. 122 healthy, reproductive age women collected daily morning saliva samples and
recorded intensity scores for the mood symptoms: irritability, anger, sadness, tearfulness, insomnia, and
fatigue. Saliva samples were assayed for progesterone concentrations and mood intensity scores were
used to calculate behavioral indices. Women with low Aggression/Irritability and Fatigue had consistently higher progesterone levels during the luteal phase than women with high Aggression/Irritability
and Fatigue. Additionally, Aggression/Irritability and Fatigue correlated negatively with maximal progesterone value during the luteal phase. Our results demonstrated a negative effect of low progesterone level
on the premenstrual mood symptoms such as aggressive behavior and fatigue in healthy reproductive
age women. This supports a previously proposed model of biphasic action of progesterone metabolites
on mood.
© 2012 Elsevier B.V. All rights reserved.

1. Introduction
There is a common notion that certain mood symptoms in reproductive age women depend on the phase of the menstrual cycle.
In particular, such psychological symptoms as irritability, anger,
mild depression, tearfulness, anxiety, fatigue and insomnia are suggested to be more pronounced in the end of menstrual cycle. These
negative changes in behavior are widely studied and, in the clinical literature, deﬁned as premenstrual syndrome (PMS) (American
College of Obstetricians and Gynecologists, 2000; Campagne and
Campagne, 2007; Halbreich et al., 2007; Perez-Lopez et al., 2009).
Their most severe form is deﬁned as premenstrual dysphoric disorder (American Psychiatric Association, 1994). Prevalence of the
PMS in reproductive age women varies from 75 to 80%, if diagnosed
based on a single symptom, through 10–15% when medical assistance is required, to 2–8% when social activity is severely disturbed
(Perez-Lopez et al., 2009). This pattern of occurrence is universal
for the most of studied populations worldwide (Reiber, 2008).
Despite many studies and years of research there is still no
agreement about the relationship between levels of reproductive
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steroid hormones and premenstrual syndrome. Although the
temporal relationship between peak luteal progesterone and occurrence of mood changes is obvious (Bäckström et al., 2003), results
of clinical case–control studies are inconsistent. Many studies
reported no signiﬁcant differences in levels of estradiol and progesterone between women who are affected by premenstrual
syndrome and those who are not (review in Bäckström et al.,
2003; Andreen et al., 2009; Rapkin et al., 2011). In other studies, PMS patients had either decreased (Dennerstein et al., 1984;
Munday et al., 1981) or increased (Eriksson et al., 1992; Redei and
Freeman, 1995) levels of progesterone. Corpus luteum formation
was found to be necessary condition for premenstrual syndrome
development, because in anovulatory cycles, when corpus luteum
is not formed, women do not suffer from cyclical changes of mood
(Hammarback and Bäckström, 1988; Hammarback et al., 1991 but
see Adamopoulos et al., 1972).
Further, there is no agreement among studies when comes to
the direction of the relationship between severity of negative mood
changes and levels of progesterone in women diagnosed with PMS
(Bäckström and Carstensen, 1974; Eriksson et al., 1992; Halbreich
et al., 1986; Hammarback et al., 1989; Redei and Freeman, 1995;
Wang et al., 1996). In several studies, increased levels of progesterone in the luteal phase were related to the increased intensity
of premenstrual complaints (Eriksson et al., 1992; Halbreich et al.,
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1986; Hammarback et al., 1989; Redei and Freeman, 1995), while
in other studies decreased progesterone levels were found to be
related to more pronounced negative mood changes (Bäckström
and Carstensen, 1974; Dennerstein et al., 1984; Munday et al.,
1981). Further support for the effect of progesterone on mood
comes from clinical trials showing that application of progesterone
compared to placebo reduced frequency of premenstrual syndrome
complaints in women clinically diagnosed with PMS (Rapkin et al.,
1987; Dennerstein et al., 1985), although in several other studies
the effect of progesterone was questioned (review in Wyatt et al.,
2001).
Recently, Gailliot et al. (2010) proposed that premenstrual mood
swings occur as the results of the impairment of the self-control
caused by the insufﬁcient energy resources during the luteal phase
when the energy demands are increased due to intensive metabolic
changes in the reproductive tracts. Here we propose that insufﬁcient energy resources result in decreased progesterone levels
and through that decreased levels of neuroactive progesterone
metabolites such as allopregnanolone. Levels of these metabolites
were found to inﬂuence mood and behavior in women (Andreen
et al., 2009). They correlate positively with progesterone levels during menstrual cycle and were demonstrated to be lower in PMS
patients in a case–control study (Rapkin et al., 1997). Andreen
et al. (2009) proposed a model of biphasic action of progesterone
metabolites on mood. According to this model low concentration
of allopregnanolone via GABAA system increases negative mood
changes such as irritability and aggression, whereas high concentration has calming effect on mood. Direct evidence supporting this
model in reproductive age women are yet scarce.
The aim of our study was to investigate the relationship between
levels of progesterone and the intensity of the psychological symptoms such as irritability, anger, sadness, tearfulness, insomnia, and
fatigue during one menstrual cycle in the large sample of reproductive age women. In line with the model of biphasic effect on mood,
we hypothesized that lower level of progesterone is related to the
higher intensity of the studied negative psychological symptoms.
Based on the daily mood ratings that women recorded during the
entire menstrual cycle we created 4 indices representing the above
mood symptoms. Aggression/Irritability (AI) was deﬁned as the
sum of the intensity of symptoms such as anger and irritability, and
Depressive Behavior (DB) was deﬁned as the sum of the intensity of
symptoms such as sadness and tearfulness. Fatigue and insomnia
represented the intensity of these symptoms during the menstrual
cycle.
2. Material and methods
2.1. Study participants
186 healthy Polish women of reproductive age participated in the study investigating inﬂuence of life style factors on levels of ovarian steroid hormones during
the entire menstrual cycle (Jasienska et al., 2006). The recruitment criteria for the
study were: age between 24 and 37 years old, self-reported regular menstrual cycles
not shorter than 25 and not longer than 35 days, no diagnosed fertility problems,
and gynecological and endocrinological disorders, not taking hormonal oral contraceptives or other hormonal medications for the period of 6 months prior to
the recruitment, and not being pregnant or lactating during the 6 months prior
to the recruitment. Each woman was informed about the study aims and signed a
written consent for participation. Study protocol was approved by the Jagiellonian
University Bioethical Committee.
126 women returned Menstrual Cycle Mood Calendar documenting daily behavioral changes across the menstrual cycle. Three women were excluded from the
analysis because we were unable to assess the ovulation day and thus follicular and
luteal phase length. Additionally, we excluded one woman who reported unusually high intensity of mood symptoms (over two standard deviations in every mood
symptom). The ﬁnal size of the study group consisted of 122 women.
2.2. Mood changes assessment
Women collected the information about their mood symptoms for one entire
menstrual cycle. Menstrual Cycle Mood Calendar was used to assess the occurrence
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and intensity of the mood symptoms around the menstrual cycle. The calendar
was constructed based on the American College of Obstetricians and Gynecologists
criteria for PMS diagnosis (ACOG, 2000). It consists of different types of symptoms such as: anger, irritability, depressed mood, tearfulness, fatigue and insomnia.
Depressed mood, anger and irritability were deﬁned for the participants by additional adjectives to ensure that women rated the intensity of the same or very similar
mood. Depressed mood was thus described as feeling sad, depressed or hopeless,
irritability as feeling annoyed and touchy, and anger as feeling aggressive and irascible. Daily scores for symptoms were recorded using four-grade scale. In this scale
0 represented not experiencing the symptom, 1 – experiencing mild symptom, 2 –
experiencing moderate symptom, 3 – experiencing severe symptom.
Symptoms of anger and irritability, and depressed mood and tearfulness were
grouped into two indices, because pairs of these moods represent the changing
intensity of similar emotions. The intensity ratings of anger and irritability were used
to calculate the Aggression/Irritability. This was done by summing up the intensity
grades for symptoms from each day of the luteal phase of the cycle and calculating average intensity of symptoms for luteal phase and the entire cycle. Similarly,
from symptoms of depressed mood and tearfulness the Depressive Behavior was
calculated. Spearman–Brown split half coefﬁcient for DB was 0.7 and for AI was 0.8.
Average intensity of insomnia and fatigue were also calculated for the luteal phase
and for the entire cycle.

2.3. Demographic and anthropometric data
A general questionnaire requesting information about place of birth, age, education, marital status, reproductive history, use of hormonal medication and tobacco
consumption was distributed to the study participants. Height, weight and body fat
percentage were measured by a trained anthropologist at the beginning of the study,
randomly with respect to phase of the menstrual cycle. Body height was measured
using standard methods. Body mass and body fat percentage was assessed using
the TANITA scale (model TBF 551), with a measurement accuracy of 0.1 kg and 0.1%
respectively.

2.4. Salivary sample collection and progesterone assay procedure
Women collected morning saliva samples at home, daily, for one entire menstrual cycle according to previously established collection protocols developed at
the Reproductive Ecology Laboratory at Harvard University, USA (Lipson and Ellison,
1996).
Saliva samples from 14 days (reverse cycle day −1 to −14) of each cycle
were analyzed for the concentration of progesterone (P) by radioimmunoassay.
P measurements were made using an I-125 based radioimmunoassay kit (#3400,
Diagnostic Systems Laboratories, Webster, TX, USA) with the following modiﬁcations: standards were prepared in assay buffer and run at six concentrations from
2 to 200 pg/ml. Samples were added in 100 l amounts together with 100 l of
assay buffer. Antibody was diluted in the ratio of 1:4. Antibody and labeled steroid
were added to each tube in 100 l amounts to yield a total reaction volume of
400 l per tube. After overnight incubation at 4 ◦ C, 500 l of second antibody was
added to each reaction tube. Reaction tubes were subsequently centrifuged for
45 min; after aspiration of the supernatant, tubes were counted in a gamma counter
for 2 min.
Based on the acquired values three progesterone indices were calculated: mean
luteal progesterone (the average P level for day −1 to −14), mean midluteal progesterone (the average P level for day −5 to −9) and maximal daily luteal progesterone
(the highest P concentration day between −1 to −14).

2.5. Statistical analysis
Spearman correlation was used to assess the relationship between average
levels of progesterone and AI, DB, fatigue and insomnia during luteal phase and
entire menstrual cycle due to skewed distribution of these indices. Progesterone
levels during the luteal phase were log-transformed to ensure normality of the distribution. Further, based on the median value, women were assigned to the low
intensity or high intensity group of particular mood indices. Differences between
those groups in median mood indices and median number of children were tested
by Mann–Whitney U test due to their nonparametric distribution. Differences in
mean log-hormone levels, demographic data and anthropometrics were tested
using Student’s t-test and two-way ANOVA. One-way ANOVA with the cycle day
as the categorical predictor was conducted to assess differences in mood symptoms
intensity during the menstrual cycle. The same analysis was used to compare differences in summarized Aggression/Irritability scores in the consecutive quartiles of
progesterone concentration. Signiﬁcance of the differences between quartiles was
tested using the least signiﬁcant difference post hoc test. Repeated measure analysis of variance was used to test differences in salivary proﬁles in progesterone
levels during the luteal phase between groups of women with high and low mood
indices.
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Fig. 1. Fatigue, Aggression/Irritability (AI), Depressive Behavior (DB) and Insomnia during the menstrual cycle. Reversed cycle day represents the day of the menstrual cycle
calculated backward (day −1 represents the last day of the menstrual cycle). Values on y-axis represent average intensity ratings for the symptoms.

3. Results

3.2. Aggression/Irritability and progesterone level during luteal
phase

3.1. Mood changes during the menstrual cycle
More than 80% of women reported negative mood symptoms
during the luteal phase of menstrual cycle. Among them 75% had
elevated AI, 61% elevated DB, 72% elevated fatigue and 40% elevated
insomnia.
Women who reported mood symptoms occurring during
the luteal phase did not differ from women who did not
report such changes either in age, body height, body weight,
BMI, body fat percentage, parity, education or in progesterone
levels (Table 1).
Symptoms intensity distribution with respect to AI, DB, fatigue,
and insomnia during the menstrual cycle is presented in Fig. 1. As
revealed by the analysis of variance signiﬁcant changes in the intensity of symptoms were present for AI (F32,3568 = 2.88, p < 0.001),
fatigue (F32,3568 = 1.50, p = 0.006) and DB (F32,3568 = 1.74, p = 0.003).
There were no differences in the average intensity ratings for
insomnia (F32,3600 = 1.23, p = 0.18).

Table 2 presents descriptive characteristics for all women participating in the study and for groups of women differing with respect
to their AI during the luteal phase. Low AI women had signiﬁcantly
higher level of progesterone when compared to high AI women
(mean luteal progesterone 4.84 vs. 4.59, t120 = 2.69, p = 0.008, mean
midluteal progesterone 5.08 vs. 4.82, t120 = 2.47, p = 0.01, maximal progesterone 5.51 vs. 5.22, t120 = 2.81, p = 0.006). Those two
groups did not differ signiﬁcantly with respect to mean age, parity,
education and anthropometric characteristics (Table 2). In addition, repeated analysis of variance of salivary luteal progesterone
proﬁles showed that women with low AI had consistently higher
progesterone levels during the whole luteal phase of menstrual
cycle (F1,120 = 7.17, p = 0.008) (Fig. 2).
Results of Spearman rank correlations conﬁrmed relationships
between AI and progesterone level in the luteal phase. Signiﬁcant negative correlation was observed between the intensity of
AI and the maximal daily luteal progesterone (rs = −0.21, p = 0.02).

Table 1
Descriptive statistics and progesterone indices by total and divided by no mood vs. any mood changes. Standard deviations or quartile ranges in parenthesis.

Age
Education (years spent at school)
Parity (yes)
Number of children
Height (cm)
Weight (kg)
Body fat %
BMI (kg/m2 )
P luteal (ln)
P midluteal (ln)
P maximal (ln)

All women
N = 122

Any mood changes
N = 110

No mood changes
N = 12

p

29.6 (3.37)
15.3 (3.38)
47.6%
0.0 (0.00–2.00)
162.9 (6.53)
61.3 (10.70)
27.1 (7.45)
23.1 (3.87)
4.71 (0.533)
4.95 (0.573)
5.36 (0.592)

29.7 (3.34)
15.4 (3.32)
47.3%
0.0 (0.00–2.00)
162.7 (6.42)
61.3 (10.77)
27.1 (7.45)
23.1 (3.97)
4.71 (0.531)
4.95 (0.575)
5.37 (0.593)

28.3 (3.50)
14.4 (3.90)
52.8%
0.5 (0.00–1.00)
164.0 (7.90)
60.6 (9.91)
26.1 (7.71)
22.5 (2.73)
4.75 (0.518)
4.98 (0.577)
5.39 (0.591)

0.16
0.36
0.86
0.41
0.52
0.85
0.66
0.56
0.79
0.87
0.89
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Table 2
Descriptive statistics, Aggression/Irritability and progesterone indices for women characterized by low and high AI during the luteal phase of the menstrual cycle. Standard
deviations or quartile range in parenthesis.

Age
Education (years spent at school)
Parity (yes)
Number of children
Height (cm)
Weight (kg)
Body fat %
BMI (kg/m2 )
Aggression/Irritability
P luteal (ln)
P midluteal (ln)
P maximal (ln)

All women
N = 122

Low luteal AI
Below median
N = 61

High luteal AI
Above median
N = 61

p

29.6 (3.37)
15.3 (3.38)
47.6%
0.0 (0.00–2.00)
162.9 (6.53)
61.3 (10.70)
27.1 (7.45)
23.1 (3.87)
0.31 (0.00–0.80)
4.71 (0.533)
4.95 (0.573)
5.36 (0.592)

29.3 (3.36)
15.4 (3.51)
51.6%
0.5 (0.00–2.00)
163.6 (6.34))
60.7 (8.81)
26.7 (7.20)
22.7 (3.23)
0.04 (0.00–0.15)
4.84 (0.451)
5.08 (0.467)
5.51 (0.514)

29.9 (3.39)
15.3 (3.27)
43.5%
0.0 (0.00–2.00)
162.2 (6.71)
62.0 (12.36)
27.5 (7.74)
23.5 (4.42)
0.80 (0.50–1.15)
4.59 (0.572)
4.82 (0.642)
5.22 (0.631)

0.37
0.87
0.37
0.69
0.28
0.48
0.53
0.24
<0.001
0.008
0.010
0.006

Furthermore, differences in summarized AI scores for women
from consecutive quartiles of maximal progesterone distribution
showed a trend toward signiﬁcance (F3,118 = 1.68, p = 0.17). Women
from the ﬁrst quartile of progesterone distribution had higher summarized AI scores when compared to women from third (p = 0.06)
and fourth quartile (p = 0.05) (Fig. 3).
3.3. Fatigue and progesterone level during luteal phase
Table 3 presents descriptive statistics for the entire study sample and for the groups of women who differ with respect to
intensity of reported fatigue during the luteal phase. Women
reporting higher fatigue during the luteal phase had lower levels of luteal (4.62 vs. 4.81, t120 = 2.01, p = 0.047), midluteal (4.82
vs. 5.08, t120 = 2.47, p = 0.015) and maximal daily luteal progesterone (5.25 vs. 5.48, t120 = 2.12, p = 0.036) than women who did not
report increased fatigue. They were also signiﬁcantly older (30.5 vs.
28.7, t120 = −3.17, p = 0.002) and shorter (161.5 vs. 164.3, t120 = 2.40,
p = 0.018). In contrast, there was no difference in education, parity,
number of children, body weight and body fat between groups of
women with low and high fatigue.
To adjust for potentially confounding effect of age and body
height on the relationship between levels of luteal phase progesterone and fatigue we performed non-parametric Spearman
correlation analysis. Result of this analysis showed a signiﬁcant

Fig. 2. Salivary luteal progesterone (daily means with 95% conﬁdence interval) in
menstrual cycle of groups of women differing in Aggression/Irritability (AI). Differences in progesterone proﬁles are signiﬁcant at p = 0.008. Reversed cycle days
represent last 14 days of the menstrual cycle.

positive relationship between age and fatigue (rs = 0.26, p = 0.004)
and no correlation between body height and fatigue. Thus, participants’ age was included as additional factor into further
analysis.
After including participants age into the model of repeated measure ANOVA, women with higher fatigue during the luteal phase
had lower salivary progesterone proﬁle during this menstrual cycle
phase (F1,121 = 3.88, p = 0.05) (Fig. 4). Age did not have signiﬁcant
effect in this model (F1,121 = 0.02, p = 0.89).
This relationship was further conﬁrmed by results of Spearman rank correlation. Signiﬁcant negative correlation was found
between intensity of fatigue and levels of midluteal (rs = −0.19,
p = 0.03) and maximal daily luteal progesterone (rs = −0.19,
p = 0.04).

3.4. Other symptoms and progesterone level during luteal phase
Table 4 presents level of progesterone in groups of women characterized by low and high intensity of DB and insomnia. Groups
did not differ signiﬁcantly with respect to any of the luteal phase
progesterone indices. We also did not ﬁnd any statistically significant correlations between DB or insomnia intensity and any of
the progesterone indices during the luteal phase of the menstrual
cycle.

Fig. 3. Summarized Aggression/Irritability (AI) scores (means with 95% conﬁdence
interval) in women from consecutive quartiles of maximal daily luteal progesterone
concentration. Asterisked differences in summarized scores between ﬁrst and third
and ﬁrst and fourth quartile signiﬁcant at p = 0.05.
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Table 3
Descriptive statistics, fatigue and progesterone indices for groups of women characterized by low and high fatigue intensity during the luteal phase of the menstrual cycle.
Standard deviations or quartile ranges in parenthesis.

Age
Education (years spent at school)
Number of children
Parity (yes)
Height (cm)
Weight (kg)
Body fat %
BMI (kg/m2 )
Fatigue
P luteal (ln)
P midluteal (ln)
P maximal (ln)

All women
N = 122

Low luteal fatigue
Below median
N = 61

High luteal fatigue
Above median
N = 61

p

29.6 (3.37)
15.3 (3.38)
0.0 (0.00–1.00)
47.1%
162.9 (6.53)
61.3 (10.70)
27.1 (7.45)
23.1 (3.87)
0.33 (0.00–0.79)
4.71 (0.533)
4.95 (0.573)
5.36 (0.592)

28.7 (3.21)
15.6 (3.26)
0.0 (0.00–1.00)
44.8%
164.3 (6.50)
61.8 (10.72)
27.0 (7.84)
22.9 (3.84)
0.00 (0.00–0.14)
4.81 (0.503)
5.08 (0.539)
5.48 (0.573)

30.5 (3.29)
15.1 (3.50)
1.0 (0.00–2.00)
53.8%
161.5 (6.32)
60.9 (10.74)
27.2 (7.13)
23.3 (3.92)
0.76 (0.50–1.21)
4.62 (0.540)
4.82 (0.583)
5.25 (0.593)

0.002
0.48
0.15
0.32
0.018
0.71
0.88
0.50
<0.001
0.047
0.015
0.036

Fig. 4. Salivary luteal progesterone (daily means with 95% conﬁdence interval) in
menstrual cycle of women differing in Fatigue intensity. Differences in progesterone
proﬁles signiﬁcant at p = 0.05. Reversed cycle days represent last 14 days of the
menstrual cycle.

4. Discussion
Results of our study support a relationship between progesterone levels and changes in woman’s mood during the luteal
phase of the menstrual cycle. To our knowledge, for the ﬁrst time,
based on the large sample of healthy, reproductive age women
who were never clinically diagnosed with premenstrual syndrome,
Table 4
Average values of progesterone indices in groups of women characterized by low
and high intensity of Depressive Behavior (DB) and insomnia during luteal phase of
the menstrual cycle.
DB

P luteal (ln)
P midluteal (ln)
P max (ln)

p

Low intensity
N = 61

High intensity
N = 61

4.72 (0.522)
4.95 (0.559)
5.40 (0.606)

4.71 (0.539)
4.95 (0.591)
5.33 (0.580)

Insomnia

P luteal (ln)
P midluteal (ln)
P max (ln)

0.93
0.95
0.53
p

Low intensity
N = 74

High intensity
N = 48

4.77 (0.514)
5.00 (0.551)
5.42 (0.584)

4.63 (0.544)
4.89 (0.604)
5.29 (0.597)

0.16
0.25
0.25

it was demonstrated that lower levels of progesterone in luteal
phase of menstrual cycle coincide with the higher intensity of
aggressive behavior and fatigue during this phase. We showed that
women characterized by low premenstrual symptoms had about
20% higher level of mean luteal progesterone and about 25% higher
level of maximal progesterone when compared to those with high
premenstrual symptoms.
Our ﬁndings are supported by results of some previous studies.
First of all, the prevalence of mood changes during the luteal phase
of the menstrual cycle was similar to frequencies of mood changes
reported by others (Campbell et al., 1997; Hylan et al., 1999;
Johnson et al., 1988). In the study by Johnson et al. (1988) the overall
lifetime prevalence of premenstrual syndromes was 87%, while in
our study more than 80% women reported any mood changes during the luteal phase. Similar prevalence was also reported by Hylan
et al. (1999) and Campbell et al. (1997). Hylan et al. (1999), reported
the occurrence of particular mood symptoms in women from three
countries (United States, United Kingdom and France) and results
obtained in our study are in agreement with those reported. The
occurrence of irritability/anger in their study ranged from 79% in
UK to 81% in US (in our study 75%) and occurrence of depressed
mood ranged from 51% in France to 70% in UK (in our study 61%).
The negative effect of low progesterone (or its metabolite allopregnanediol) on premenstrual mood symptoms found in our
study was also demonstrated in previous works. Bäckström and
Carstensen (1974) found decreased level of progesterone during
the days preceding menstruation in women whose main symptom
of premenstrual tension was anxiety. Similar results were found by
Bäckström et al. (1976), Munday et al. (1981) and Dennerstein et al.
(1984) where levels of progesterone or progesterone metabolite
pregnanediol were lower in women reporting premenstrual tension then in controls. Additionally, in study by Wang et al. (1996)
symptoms severity in PMS women were negatively related to some
of the progesterone metabolites levels, but not to progesterone
itself.
In contrast, studies by Redei and Freeman (1995), Hammarback
et al. (1989), Halbreich et al. (1986) and Eriksson et al. (1992)
found positive relationship between occurrence of negative mood
changes and progesterone level, while others reported no signiﬁcant relationships between levels of steroid hormones and mood
changes (Adamopoulos et al., 1972; Rapkin et al., 2011; Rosenfeld
et al., 2008). It should be noted that most of the studies reported in
this research area are plagued by very low numbers of participants.
For instance, study by Redei and Freeman (1995) was conducted on
10 PMS diagnosed women and 8 controls, study by Rosenfeld et al.
(2008) on 9 PMS diagnosed women and 9 controls, and study by
Rapkin et al. (2011) on 12 PMDD women and 12 controls. Thus,
the estimated power of the statistical analysis for these studies
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was rather low: for Redei and Freeman (1995) 0.5 (correlation
between progesterone level and daily symptom report results) and
for Rapkin et al. (2011) only 0.1 (comparison between mean progesterone in PMDD women and controls). In contrast, our analyses
were conducted on a group of 122 women and the corresponding estimated power of analysis was 0.8. Additionally, in our study
progesterone levels were measured in daily collected saliva sample. This methodology allows for a reliable, precise progesterone
assessment that cannot be achieved by taking just a few samples
during a cycle (Jasienska and Jasienski, 2008).
Due to correlational character of our study we are unable to
infer about the cause–effect relationship between hormone levels
and mood changes. However, our results support a hypothesis proposed by Andreen et al. (2009) about the biphasic effect of GABAA
receptor modulators such as allopregnanolone on mood and behavior in humans. In accordance with this hypothesis we demonstrated
that low concentration of progesterone during the luteal phase
was associated with negative mood effects, while no such association was found for high concentration of progesterone in this cycle
phase. In particular, we found that the average saliva concentration
of luteal progesterone equal to 126.5 pmol/l and midluteal progesterone equal to 160.8 pmol/l were associated with the minimal
intensity of mean negative mood changes during the luteal phase.
It means that women with the concentrations of luteal and midluteal progesterone equal or higher than noted above experienced
on average less than 3 days with only moderately increased intensity of aggression and irritability. Since progesterone concentration
in fertile women are highly correlated with the concentration of
progesterone metabolites during the menstrual cycle (Wang et al.,
1996) our results constitute signiﬁcant evidence for the biphasic
effect of progesterone metabolites on mood in healthy, non-clinical
subpopulation of reproductive age women.
Although promoting effect of allopregnanolone on GABA release
seems to be the most plausible candidate for physiological mechanism underlying the association between progesterone and mood
changes, it should be also noted that other progesterone derivatives
have the opposite effect on GABA. For instance, pregnanolone sulfatase was demonstrated to inhibit GABA release (Zheng, 2009).
In addition, progesterone, allopregnanolone, pregnanolone and
pregnanolone sulfatase may inﬂuence mood by affecting levels of
other brain neurotransmitters. For instance, allopregnanolone and
pregnanolone sulfatase were demonstrated to inﬂuence dopamine
release, and allopregnanolone and progesterone to inhibit serotonine release (Zheng, 2009). Furthermore, estradiol is important
modulator of the progesterone effect on mood and was found
to potentiate the negative effect of low progestine dose on
mood in postmenopausal women (Björn et al., 2003). Thus future
study should also investigate alternative physiological mechanisms
explaining the association between mood and reproductive hormone levels.
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