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Background & aims: Many women experience emotional and physical symptoms around the time of
ovulation and more so before menstruation interfering with their daily normal life also known as premenstrual syndrome (PMS). Recent observational data suggest that supplementation with Lipogen's
phosphatidylserine (PS) and phosphatidic acid (PA) complex (PAS) alleviates these PMS symptoms. The
aim of this study was to conﬁrm these observations on the effects of PAS on PMS symptom severity
within a controlled clinical trial setting.
Methods: Forty women aged 18e45 years with a diagnosis of PMS were assigned to either take PAS
(containing 400 mg PS & 400 mg PA per day) or a matching placebo. The study comprised 5 on-site visits
including 1 baseline menstrual cycle followed by 3 treatment cycles. Treatment intake was controlled for
by using an electronic device, the Medication Event Monitoring System (MEMS®). Primary outcome of
the study was the PMS symptoms severity as assessed by using the Daily Record of Severity of Problems
(DRSP). Further, SIPS questionnaire (a German version of the Premenstrual Symptoms Screening Tool
(PSST)), salivary hormone levels (cortisol awakening response (CAR) and evening cortisol levels) as well
as serum levels (cortisol, estradiol, progesterone and corticosteroid binding globulin (CBG)) were
assessed.
Results: PMS symptoms as assessed by the DRSP Total score showed a signiﬁcantly better improvement
(p ¼ 0.001) over a 3 cycles PAS intake as compared to placebo. In addition, PAS treated women reported a
greater improvement in physical (p ¼ 0.002) and depressive symptoms (p ¼ 0.068). They also reported a
lower reduction of productivity (p ¼ 0.052) and a stronger decrease in interference with relationships
with others (p ¼ 0.099) compared to the placebo group. No other DRSP scale or item showed signiﬁcant
results. Likewise, the reduction in the number of subjects fulﬁlling PMS or premenstrual dysphoric
disorder (PMDD) criteria as classiﬁed by the SIPS did not differ between the PAS and the placebo group.
For the biomarkers, the salivary cortisol percentage increase of the CAR was signiﬁcantly less pronounced
in the follicular phase of cycle 4 than in the follicular phase of cycle 1 for subjects taking PAS when
compared to subjects taking placebo (p ¼ 0.018). Furthermore, the change of serum cortisol levels between visit 1 and visit 5 differed signiﬁcantly between groups (p ¼ 0.043). While serum cortisol levels of
PAS treated females slightly decreased between visit 1 and visit 5, cortisol levels of females treated with
placebo increased. For all other biomarkers, no treatment effects were observed over the 4 cycles study
period.
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Overall, this study conﬁrms that a daily intake of PAS, containing 400 mg PS and 400 mg PA, can be
considered as safe.
Conclusions: Results substantiate the efﬁcacy of PAS in reducing symptoms of PMS. In view of the recent
inclusion of severe PMS symptoms (PMDD) in the ﬁfth edition of the Diagnostic and Statistical Manual of
Mental Disorders (DSM-5), the positive results of this clinical study merits consideration of developing
the PAS complex as a botanical drug for treatment of PMDD.
Clinical trial registration: The study is registered at Deutsches Register Klinischer Studien with the registration number DRKS00009005.
© 2018 The Authors. Published by Elsevier Ltd on behalf of European Society for Clinical Nutrition and
Metabolism. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

1. Introduction
PMS is characterized by a cluster of somatic and psychological
symptoms of varying severity. These symptoms occur only during
the luteal phase of the menstrual cycle and resolve during the ﬁrst
days of menses [12].
The estimated prevalence of PMS varies. A systematic review
reports a pooled PMS prevalence of 47.8%. This indicates that about
half of women within their reproductive age experience PMS
symptoms. This typically can include feeling tired, irritability, mood
changes, bloating, skin irritations and breast tenderness. In addition, an increasing trend in the prevalence of PMS during
1996e2001 has been observed [8].
The etiology of premenstrual disorders is multifactorial. Precise
causes and the inﬂuence of heritability are still unknown and not
sufﬁciently explored yet [10]. The DSM-5 [2] states that the onset of
PMDD, a more severe form of PMS with a prevalence of 3e8%
[16,37], can occur at any point after menarche; symptoms cease
after menopause but can be triggered by cyclical hormone
replacement. Stress is also a factor in PMS and PMDD along with a
history of interpersonal trauma and seasonal changes. Premenstrual symptoms can be improved by pharmacological interventions (e.g. oral contraceptives, antidepressants) or by
nutrition.
An association between nutritional factors and PMS has been
observed repeatedly (Cheng et al., 2013 [40]; Bertone-Johnson
et al., 2014 [39]; Kia et al., 2015 [43]; Chocano-Bedoya et al., 2013
[41]; Gorczyca et al., 2016 [42]) and consequently the search for a
nutritional supplement that is effective in alleviating PMS symptoms is of great interest. To many, this seems to be a more attractive
alternative when compared to intake of pharmacological and psychiatric drugs.
PAs are the acid forms of phosphatidates, which are a part of
common phospholipids. PA has different roles in the cell: It is a
precursor for other lipids such as PS or phosphatidylcholine via the
conversion of PA to diacylglycerol [3]. Moreover, PA inﬂuences
membrane curvature [22,25] and acts as a signaling lipid [11,34]. In
combination with PS, PA has shown to lower cortisol levels and
enhance wellbeing under acute social stress [17]. PS, a phospholipid
component is found in mammalian cell membranes. Previous
studies indicated that acute and long-term administration of PS
dampens cortisol responses to acute exercise and mental stress
[17,26,36]. In addition, PS has shown to improve memory, learning,
mood and stress management [4,17e20,38]. Further, the intake of
PS has been associated with an improvement of psychiatric disorders, such as bipolar and major depressive disorders (reviewed in
Refs. [1,20]) and with the prevention of inﬂammatory neurodegenerative events [29].
Between December 2011 and March 2012, Lipogen Ltd. performed a word of mouth (WOM) marketing campaign in the United
States of America (WOM company BzzAgent, USA). 23 out of 220

women (10.45%), age <40, who consumed the product for 2
months, reported improvement in PMS. The following study was
performed to conﬁrm this effect in a single center, double-blind,
placebo-controlled, randomized clinical trial.
2. Materials and methods
2.1. Study participants
Eligible participants were women aged 18e45 years with a PMS
diagnosed by a gynecologist. Participants were required to have
regular menstrual cycles with constant cycle duration (25e35 days)
and easy access to computer and internet at home.
Participants were not eligible if any of the following exclusion
criteria applied: Known allergies to ingredients of the test substance; any underlying psychiatric disorder (e.g. major depressive
disorder) as assessed with the Mini-DIPS (Diagnostisches KurzInterview bei psychischen Stoerungen; [24]); any current/acute
illness; any disease other than minor medical conditions (e.g. seasonal allergies); current intake of any drugs besides thyroid
medication (TSH (thyroid stimulating hormone) values in the
normal range according to lab results within the past 12 months)
and blood pressure medication (stable for 6 months); intake of
nutritional supplements or homeopathic remedies within the 2
weeks prior to the ﬁrst visit; strict diet or excessive sport activities;
smoking more than 5 cigarettes per week; working night shifts;
pregnant or lactating; planning to get pregnant during the next 12
months; employee of the Sponsor or CRO (clinical research organization); investigator doubts truthfulness of self-reported health
information; women otherwise apparently unsuited (lack of
cognitive or verbal skills); or currently participating in another
clinical study.
The study was performed in accordance with the ethical principles that have their origin in the Declaration of Helsinki and are
consistent with International Conference on Harmonization/Good
Clinical Practice (2008). The protocol received approval from the
Ethics Commission of the State Chamber of Medicine in RhinelandPalatinate (Deutschhausplatz 3, 55116 Mainz, Germany). Written
informed consent was obtained from each participant before study
enrollment.
2.2. Study design
This prospective, randomized, double-blind, placebo-controlled,
single center study with 2 treatment arms (PAS or placebo) was
conducted in Trier, Germany between July 2015 and July 2016. Each
woman completed detailed assessments over a period of 4 menstrual cycles. The objective was to evaluate the effects of 3 cycles
intake of PAS on PMS following a ﬁrst baseline observational cycle.
The study included 5 visits. Forty eligible women were
randomly assigned to either the PAS or placebo group. Eight
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additional women were recruited to replace drop-outs. At visit 1
(V1) blood pressure, heart rate (HR) and body mass index (BMI) was
measured and a blood sample for assessment of serum progesterone, estradiol, CBG and cortisol levels was drawn between 8 am and
10 am. In addition, subjects were given Salivettes® for saliva
collection with instructions to collect saliva during both the follicular and luteal phases of their cycle. Medical history was assessed
and subjects were trained in handling the online version of the
German DRSP. The DRSP had to be completed daily in the evening.
At visit 2 (V2), saliva samples were collected and a questionnaire for
baseline information on PMS, the Screening-Instrument fuer
Praemenstruelle Symptome (SIPS), was assessed. Subjects received
4 capsules per day for the following menstrual cycle. Capsules were
packed in a container with a MEMS® track cap (Aardex Ltd, Zug,
Switzerland) to monitor container openings and protocol compliance. At visit 3 (V3) and visit 4 (V4), SIPS assessment was repeated
and subjects received their study treatment dose for the next
complete menstrual cycle. At V4, subjects additionally received
Salivettes® for saliva collection during the follicular and luteal
phases of their menstrual cycle. At the ﬁnal study visit (V5), saliva
samples were obtained, SIPS, blood pressure, HR and BMI were
assessed and a post treatment blood sample for serum progesterone, estradiol, CBG and cortisol levels was drawn between 8 am and
10 am.
All visits took place during the follicular phase of individual's
menstrual cycle. To ensure exclusion of pregnant women a pregnancy test was performed at each visit. Adverse events (AE),
concomitant medication and major changes in nutrition or activity
level were checked at V2, V3, V4 and V5. DRSP entry and compliance of treatment intake was checked and discussed after each
menstrual cycle. A general overview of the study procedure is
provided in Table 1.
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blood samples were centrifuged and stored at 20  C until all
participants completed the study. Saliva cortisol levels were
analyzed at the SalivaLab Trier (daacro GmbH & Co. KG, Germany)
employing a high sensitivity salivary cortisol enzyme immunoassay
kit (Salimetrics, LLC, USA). The intra- and inter-assay coefﬁcients of
variation were 4.40% and 10.79%, respectively. After study termination, serum cortisol, progesterone and estradiol were analyzed
by Synlab GmbH (Trier, Germany) using a chemiluminescence
immunoassay (CLIA). The assay is based on the emission of light
(luminescence) as the result of a chemical reaction. Serum CBG
samples were analyzed by IBL (Hamburg, Germany) by employing a
radioimmunoassay based on the competitive binding of radiolabeled antigen and unlabeled antigen to a high-afﬁnity antibody.
2.4. Intervention
Subjects were randomized to 2 groups (A, B) using a 1:1
assignment with randomized blocks of varying size. The randomization sequence was generated by a statistician of daacro using the
program R [31]. The assignment of groups to products (test product
or placebo) was conducted by the Sponsor.
Each capsule for the PAS group consisted of 100 mg PS and
lysophosphatidylserine, 100 mg PA and lysophosphatidic acid,
235 mg other phospholipids and glycerides, 5 mg silicon dioxide.
Each placebo capsule contained 435 mg maize starch and 5 mg
silicon dioxide. Capsules were administered 3 times daily, 1 capsule
in the morning, 1 in the afternoon and 2 in the evening (4 capsules/
day) over 3 consecutive menstrual cycles. PAS and placebo capsules
looked, smelled and tasted identical. Capsules were produced and
packed by Lipogen Ltd., Israel.
2.5. Objectives

2.3. Laboratory analyses
Saliva samples were collected using Salivettes®, blood samples
were collected using 2.7 ml serum monovettes® (both Sarstedt,
Nuembrecht, Germany). Saliva samples were stored at 20  C,

2.5.1. Daily Record of Severity of Problems
The DRSP was developed by Endicott et al. [9] to aid diagnosing
and evaluating PMDD/PMS according to DSM-IV. The questionnaire comprises 24 items assessing severity of complaints on a
daily basis. Subjects rate their severity on a 6-point rating scale

Table 1
Study design.
Days since start of the individual menstruation
-4, -3 (luteal phase)
Cycle 1

Cycle 2

Salivary cortisol:
 CAR: 0, 30, 45 and 60 min after awakening
 8 pm

Cycle 3

8, 9 (follicular phase)

V1:
Blood sample
 Cortisol
 CBG
 Estradiol
 Progesterone
V2:
SIPS

Salivary cortisol:
 CAR: 0, 30, 45 and 60 min after awakening
 8 pm

V3:
SIPS
V4:
SIPS

Cycle 4

Cycle 5

5 (follicular phase)

Salivary cortisol:
 CAR: 0, 30, 45 and 60 min after awakening
 8 pm

Salivary cortisol:
 CAR: 0, 30, 45 and 60 min after awakening
 8 pm

V5:
SIPS
Blood sample
 Cortisol
 CBG
 Estradiol
 Progesterone

DRSP was assessed every evening during the entire study.
PAS or placebo intake took place daily starting with V2.

Please cite this article in press as: Schmidt K, et al., A lecithin phosphatidylserine and phosphatidic acid complex (PAS) reduces symptoms of the
premenstrual syndrome (PMS): Results of a randomized, placebo-controlled, double-blind clinical trial, Clinical Nutrition ESPEN (2018), https://
doi.org/10.1016/j.clnesp.2018.01.067

e4

K. Schmidt et al. / Clinical Nutrition ESPEN xxx (2018) e1ee9

ranging from 1 (not at all) to 6 (extreme). The questionnaire has
shown to be a reliable and valid measure of severity of symptoms
for women reporting premenstrual symptoms (Endicott et al.,
2006 [9]). Psychological symptoms like depression, anxiousness,
mood swings, irritability and difﬁculties in concentration, but also
physiological symptoms like breast tenderness, headache or
weight gain are recorded. Every study participant had to ﬁll in the
symptom diary online every evening during the entire study. The
study compliance was monitored daily via internet. Subjects
failing to complete a DRSP entry were prompted by mail or phone
to comply. Severe non-compliance (e.g. no DRSP entry on 3
consecutive days) led to study exclusion. As the DRSP was assessed
online, accepting only complete entries, there were no missing
items and DRSP scales were only computed for complete DRSP
entries.
Primary outcome of this study was the Total score of the DRSP
questionnaire summing up 21 items. Further explorative outcomes
were the DRSP subscales Depressive symptoms, Physical symptoms
and Anger as well as the items Reduced productivity, Interference
with social activities and Interference with relationships. The withincycle percentage increase in symptom severity from follicular to
luteal phase served as another outcome measure. The score was
calculated as the sum of the DRSP scale Total score of the 5 late
luteal worst days (luteal score) minus the sum of the DRSP scale
Total score of the 5 cycles best days (follicular score). This value was
multiplied by 100 and divided by the luteal score to get a percentage value.
2.5.2. Biomarker
Since several biomarkers are associated with PMS, this study
also evaluated hormonal endpoints like salivary and serum cortisol
levels, CBG, estradiol and progesterone.
Associations between PMS and cortisol levels are reported in
many studies [13,28,33]. Since the CAR and cortisol evening levels
are connected to some diseases [6,14], salivary cortisol was assessed
during 4 times in the morning (0, 30, 45 and 60 min after awakening) and once (8 pm) in the evening on 2 consecutive days in the
follicular and the luteal phase of cycle 1 and cycle 4. The dynamic of
post-awakening cortisol changes was reﬂected using the increase,
percentage increase and area under the curve with respect to increase (AUCi), whereas information on the total post-awakening
cortisol concentration was provided using the area under the
curve with respect to ground (AUCg). AUCi and AUCg were calculated as described by Pruessner and colleagues [30].
In a previous study [18], we had speculated that effects of PAS on
cortisol levels are mediated by CBG. Therefore, serum CBG and
serum cortisol levels were assessed at baseline and after 3 cycles of
treatment.
Munday et al. [27] found lower progesterone levels in women
with PMS in the luteal phase compared to control subjects and
higher estradiol levels in PMS patients over the last 4 days of the
cycle compared to control subjects. Lombardi et al. [23] found lower
progesterone levels in women with PMS in both menstrual phases.
To test if PAS has an effect on these hormones, serum progesterone
and estradiol levels were determined before and after treatment.
2.5.3. Screening-Instrument fuer Praemenstruelle Symptome
The SIPS is the German version of the Premenstrual Symptoms
Screening Tool (PSST). The PSST was developed by Bentz et al. [5]
and is a short self-assessment instrument on premenstrual symptoms with 14 items. These items retrieve information on symptoms
that start prior to the period and come to an end within a few days
of menstrual bleedings. Interference concerning productivity, relationships and social life activities are assessed as well. Items are
answered on a 4-point rating scale ranging from “not at all” to

“severe”. Depending on the perceived intensity of symptoms, either
PMDD or PMS can be diagnosed. Within this study the SIPS was
completed 4 times (at V2, V3, V4 and V5) to measure changes in
premenstrual symptoms. A subject's treatment was regarded as
successful if PMS or PMDD diagnosis criteria were no longer fulﬁlled at the end of the study. PMS and PMDD diagnosis as assessed
by SIPS served as a further exploratory outcome.
2.5.4. Medication Event Monitoring System
PAS and placebo capsules were provided in containers locked
with MEMS track caps, which record the time and date of each
opening. This system was implemented to enforce and to check for
subjects' compliance.
To estimate treatment compliance 3 parameters were
computed: the overall, daily and intake compliance. While the
overall compliance was calculated as the relative amount of MEMS®
openings compared with the expected amount of MEMS® openings
for a given time period, the daily compliance was calculated as the
relative amount of compliant days (days with at least 2 MEMS®
openings) compared with the total amount of days in the given
time period. To calculate the compliance based on returned products (intake compliance), the number of consumed capsules was
divided by the total amount of capsules that should have been
consumed and then multiplied by 100 to obtain compliance as a
percentage value.
2.6. Statistical analysis
The primary efﬁcacy analysis was performed using the
intention-to-treat (ITT) and per-protocol (PP) population. All
further efﬁcacy outcomes were analyzed using the ITT population.
The ITT population was deﬁned a priori as all enrolled subjects who
completed at least V1, V2 and V3, while the PP population consisted
of all enrolled subjects who satisﬁed the inclusion/exclusion
criteria, were compliant and completed at least 80% of DRSP assessments. Subjects without protocol violations and deviations for
DRSP assessments were allowed in the PP population.
The sample size was calculated based on a simulation study
conducted using the program R [31]. A small effect (standardized
regression coefﬁcient b ¼ 0.08) of the test product on the DRSP
scale Total score (cycle-treatment-interaction) was assumed. The aerror level was speciﬁed at 0.05 and the number of replications was
1500. A multilevel (random effects) model [15], with 4 cycles (14
observed diary records each) and 2 groups, was chosen as the
statistical method. Within each cycle, 2 missing diary records were
assumed. Results of the simulation study showed a power of 0.84
for 36 subjects. This sample size was rounded up in order to account for exclusion of subjects from analyses due to protocol deviations resulting in a total sample size of 40 subjects.
For the DRSP outcomes multilevel models were speciﬁed,
comparing symptom improvement over all menstrual cycles between groups. Multilevel models take account of the correlations
within the data and adjust for non-response if the data are missing
at random [7]. A 3-level hierarchical structure was assumed for the
DRSP Total score, the DRSP subscales Physical symptoms, Depressive
symptoms and Anger as well as for the DRSP items Reduced productivity, Interference with social activities and Interference with relationships: the ﬁrst level was menstrual cycle (n ¼ 2300), the
second level was day of menstrual cycle (n ¼ 588) and the third
level contained individual characteristics (n ¼ 42). Because the
model assumptions were not fulﬁlled for the DRSP subscales
Depressive symptoms and Anger and for the DRSP items Reduced
productivity, Interference with social activities and Interference with
relationships despite efforts of transformation, an average score was
computed for every cycle. As for the DRSP within-cycle percentage
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increase in symptom severity, models with a 2-level hierarchical
structure (level 1: menstrual cycle (n ¼ 144 for the DRSP withincycle percentage increase in symptom severity and n ¼ 165 for
the remaining DRSP outcomes), level 2: individual characteristics
(n ¼ 42)) were speciﬁed for these outcomes. Since a decline of PMS
symptoms could only take place if PMS symptoms were present,
only the last 10 days of the luteal phase and the ﬁrst 4 days of the
following cycle were used for inferential statistical analyses.
A two-sample t-test was used to test normal distributed biomarkers and measures of the compliance, while the Wilcoxon Rank
Sum Test was used for those outcomes not normally distributed.
The salivary cortisol outcomes were tested separately for the luteal
and the follicular phase of menstrual cycle. Fisher tests were used
to compare the number of subjects who still fulﬁlled the criteria for
a PMS or PMDD diagnosis on V5 to the number of subjects who no
longer fulﬁlled the criteria for a PMS or PMDD diagnosis on V5
between groups.
Additional, outlier corrected models were estimated. Two-sided
hypothesis testing (a ¼ 0.05) was performed. As no correction for
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multiple testing was made, only analysis for the primary endpoint
can be interpreted as a conﬁrmatory hypothesis test. Under the
assumption that any missing data are missing completely at
random, missing values were not imputed in the analyses. All calculations mentioned were performed with the statistic program R
version 3.2.2 [32] and were incorporated into the ﬁnalized statistical analysis plan prior to unblinding of the data.
3. Results
In this section, data are expressed as mean values (±SD).
3.1. Study participants
A total of 99 women were screened for eligibility, of which 40
completed the study. At enrollment, 51 women who failed to satisfy
all inclusion criteria or presented 1 or more exclusion criteria were
excluded from the study. Eight participants dropped from the study
and were replaced (Fig. 1).

Fig. 1. Flowchart of the study participants showing the distribution of the participants from initial assessment to analysis of study data.
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Table 2
Baseline demographic and clinical characteristics of the treatment groups.

Age [years]
Height [m]
BMI [kg/m2]
HR [bpm]
Systolic blood pressure [mmHG]
Diastolic blood pressure [mmHG]

Placebo (n ¼ 20)

PAS (n ¼ 22)

32.65 (7.01)
167.80 (4.29)
24.64 (5.06)
76.75 (10.07)
117.60 (11.20)
78.25 (11.22)

33.64 (7.37)
167.64 (6.95)
24.25 (3.68)
72.32 (9.34)
115.18 (11.60)
77.95 (7.52)

BMI ¼ body mass index, bpm ¼ beats per minute, HR ¼ heart rate, kg ¼ kilograms,
m ¼ meter, mmHG ¼ millimeter of mercury, n ¼ sample size.
Values are presented as mean (SD).

Demographic characteristics and clinical features of the trial
participants at baseline were comparable between groups. Details
are shown in Table 2.
3.2. Treatment adherence
During the study period, adherence was relatively high in both
groups: the average daily compliance was 91.16% within the

placebo group and 94.52% within the PAS group, the average overall
compliance was 93.00% within the placebo group and 94.72%
within the PAS group and the average intake compliance was
95.44% within the placebo group and 97.33% within the PAS group.
Two participants dropped out because they were not compliant. No
difference between groups in overall product intake was observed
(daily compliance: p ¼ 0.198, overall compliance: p ¼ 0.914, intake
compliance: p ¼ 0.315).
3.3. Primary outcome
The reduction of overall symptom severity over the 4 menstrual
cycles was signiﬁcantly larger for subjects in the PAS group when
compared to placebo (p ¼ 0.001; Fig. 2). DRSP Total score decreased
within the placebo group from 36.49 (±15.68) to 33.24 (±14.76) on
average, while the DRSP Total score decreased within the PAS group
from 38.24 (±14.74) to 30.82 (±10.94). This corresponds to an
average symptom reduction of 8.92% within the placebo group and
of 19.40% within the PAS group.
The results of the ITT population were in accordance with the
results of the PP population.

Fig. 2. PMS symptoms severity as assessed by the DRSP Total score during the symptomatic phase of each menstrual cycle (ITT population). There was a signiﬁcant greater
improvement in PMS symptoms over a 3 cycles PAS intake as compared to placebo (p ¼ 0.001, n ¼ 2300 observations).
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3.4. Further analyses

3.5. Safety analyses

Evaluation of the DRSP subscales Physical symptoms and
Depressive symptoms showed a signiﬁcantly greater reduction of
physical symptoms (p ¼ 0.002) and a marginally signiﬁcant greater
reduction of depressive symptoms (p ¼ 0.068; Fig. 3) over the 4
menstrual cycles in the PAS group compared to the placebo group.
Results indicate that PAS reduced physical symptoms by about
20.14% compared with 12.10% and depressive symptoms by about
20.18% compared with 7.11% within the placebo group. The change
in the DRSP within-cycle percentage increase in symptom severity
and in the DRSP subscale Anger over cycles did not differ between
treatment groups (p ¼ 0.195 and p ¼ 0.838). PAS reduced the
within-cycle percentage increase in symptom severity by about
36.26% and anger by about 14.13%, while there was an average
reduction of 9.28% and 12.57% in the placebo group. PAS treated
females reported a lower reduction in productivity and a more
pronounced decrease in interference with relationships compared
to the placebo group. These results reached a level of marginal
signiﬁcance (p ¼ 0.052 and p ¼ 0.099). The PAS group reported an
average decrease in reduced productivity of 43.33% and an average
decrease in interference with relationships of 45.09%, while the
placebo group reported an average decrease of 3.36% and of 14.57%,
respectively. Interference with social activities was reduced by
about 42.25% in the PAS group and by about 10.71% in the placebo
group. Even though there was a greater improvement in PAS
treated women, this result was not signiﬁcant (p ¼ 0.228).
Serum cortisol levels increased about 19.77% within the placebo
group and decreased about 2.72% within the PAS group. This result
reached statistical signiﬁcance (p ¼ 0.043; Table 3). Furthermore,
the salivary cortisol percentage increase of the CAR was signiﬁcantly less pronounced in the follicular phase of cycle 4 than in the
follicular phase of cycle 1 for subjects taking PAS when compared to
subjects taking placebo (p ¼ 0.018; Table 4). No signiﬁcant differences between groups were found for any of the further salivary
cortisol measures (Table 4), CBG, estradiol and progesterone
(Table 3) as well as for the SIPS outcomes (number of PMS diagnoses: p ¼ 0.387; number of PMDD diagnoses: p ¼ 1.000).

A total of 338 AEs were reported by 22 subjects in the placebo
group (136 AEs) and 22 subjects in the PAS group (202 AEs). One AE
in the PAS group was classiﬁed as serious. This AE was reported due
to appendicitis with a following appendectomy and was considered
unrelated to PAS. Causality was evaluated as not related for 317 AEs
(129 in the placebo group and 188 in the PAS group), as unlikely
causal for 18 AEs (6 in the placebo group and 12 in the PAS group),
as possible causal for 2 AEs in the PAS group (tender and aching
breasts - worsening of PMS symptoms) and as probably causal for 1
AE in the placebo group (skin impurities in the face).
4. Discussion
This study substantiates beneﬁcial effects of a daily intake of a
phosphatidylserine & phosphatidic acid (1:1) complex (PAS) over 3
cycles on symptom levels as assessed by several well-recognized
instruments for PMS evaluation. Even though results do not reach
signiﬁcance on all (sub-)scales, they convincingly point in the same
direction. This does not apply to the measured biological parameters. Our hypothesis that the effects of PAS on cortisol levels, which
were found in previous studies [18], are mediated by CBG, could not
be conﬁrmed by the current study. One reason for not seeing group
differences for CBG, estradiol and progesterone could be that
women suffering from PMS do not have abnormal hormone levels,
but are rather over-sensitive to hormonal ﬂuctuations as hypothesized by Soares and Zitek [35]. This needs to be further investigated. A reason for not seeing group differences for cortisol during
the luteal phase of menstrual cycle could be that the analysis of
salivary cortisol was confounded by sampling time. The salivary
cortisol sampling during the luteal phase should have taken place
on the 4th and 3rd day before the onset of the menses, but actually
the measurements took place with deviations of up to 8 days from
cycle day -4 and -3. Unfortunately, this was unavoidable due to very
irregular cycle lengths in this population. The inaccurate timing of
sampling may account for no observable differences in cortisol
levels during the luteal phase. However, salivary cortisol levels of
the follicular phase as well as serum cortisol levels showed signiﬁcant results. While the percentage increase of the CAR remained
almost stable from cycle 1 to cycle 4 in the placebo group, it
decreased in women taking PAS from higher values on cycle 1 to
levels comparable with the placebo group. The signiﬁcant group
differences may be attributed to the signiﬁcant baseline

Table 3
Change in blood parameters between V1 and V5.
V5 e V1
Placebo (n ¼ 20)
Serum cortisol [ng/ml]
Mean (SD)
23.52 (45.49)
95% CI
[3.22, 43.82]
CBG [mg/ml]
Mean (SD)
5.70 (11.74)
95% CI
11.19, 0.21]
Estradiol [pg/ml]
Mean (SD)
4.98 (82.93)
95% CI
[43.80, 33.83]
Progesterone [ng/ml]
Mean (SD)
0.59 (1.83)
95% CI
[0.27, 1.44]
Fig. 3. Average score of the severity of depressive symptoms for each menstrual cycle.
The reduction of depressive symptoms was marginally signiﬁcant greater in the PAS
group when compared to placebo (p ¼ 0.068, n ¼ 165 observations).

PAS (n ¼ 20)

p-valuea

3.77 (36.32)
[20.77, 13.23]

0.043

2.98 (6.21)
[5.75, 0.21]

0.482

23.81 (77.85)
[10.93, 58.55]

0.398

0.19 (0.32)
[0.04, 0.33]

0.617

CI ¼ conﬁdence interval, mg ¼ microgram, ml ¼ milliliter, n ¼ sample size,
ng ¼ nanogram, pg ¼ pictogram, V ¼ visit.
a
Obtained by using a two-sample t-test or alternatively a Wilcoxon Rank Sum
Test.
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Table 4
Change in measures of salivary cortisol between Cycle 1 and Cycle 4.
Cycle 4 e Cycle 1
Placebo (n ¼ 20)

p-valuea

32.12 (288.89)
[96.80, 161.03]

0.184

60.11 (257.13)
[174.85, 54.63]

0.925

0.80 (6.34)
[2.02, 3.63]

0.160

18.73 (139.94)
[43.72, 81.18]

0.547
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study. KS analyzed data and drafted the manuscript. NW and NM
organized and performed the clinical trial. As head of the Saliva Lab
AD contributed in writing the manuscript. MS critically revised
drafts of the manuscript and helped with the interpretation of results. All authors have approved the ﬁnal article.

0.47 (1.69)
[1.23, 0.28]

0.841

Acknowledgements

Luteal phase
AUCi
Mean (SD)
130.02 (449.04)
95% CI
[340.18, 80.13]
AUCg
Mean (SD)
30.98 (369.95)
95% CI
[204.12, 142.16]
Cortisol increase [nmol/l]
Mean (SD)
3.22 (10.76)
95% CI
[8.26, 1.81]
Percentage cortisol increase
Mean (SD)
36.32 (192.56)
95% CI
[126.44, 53.80]
Evening cortisol [nmol/l]
Mean (SD)
0.66 (3.48)
95% CI
[0.97, 2.28]
Follicular phase
AUCi
Mean (SD)
11.08 (230.64)
95% CI
[119.43, 97.27]
AUCg
Mean (SD)
64.97 (254.76)
95% CI
[184.65, 54.71]
Cortisol increase [nmol/l]
Mean (SD)
0.94 (5.60)
95% CI
[3.57, 1.70]
Percentage cortisol increase
Mean (SD)
13.97 (88.08)
95% CI
[55.35, 27.41]
Evening cortisol [nmol/l]
Mean (SD)
1.11 (2.78)
95% CI
[0.19, 2.42]

This study was ﬁnanced by Lipogen Ltd. and performed by
daacro GmbH & Co. KG, a clinical research organization. DR discloses a commercial interest. JH, KS, NW, AD, NM and MS declare
that they have no competing interest.

PAS (n ¼ 22)

108.02 (207.83)
[200.76, 15.28]

0.177

10.39 (482.66)
[204.99, 225.77]

0.813

2.71 (5.85)
[5.32, 0.10]

0.340

114.59 (214.55)
[210.33, 18.85]

0.018

0.13 (1.98)
[0.75, 1.02]

0.749

AUCg ¼ Area under the curve (ground), AUCi ¼ Area under the curve (increase),
CI ¼ conﬁdence interval, n ¼ sample size, nmol/l ¼ nanomol per liter.
a
Obtained by using a two-sample t-test or alternatively a Wilcoxon Rank Sum
Test.

differences. When controlling for the baseline percentage cortisol
increase of the CAR no signiﬁcant group differences were seen any
more. Regarding serum cortisol, there was an increase in cortisol
levels in the placebo group, while cortisol levels slightly decreased
in women taking PAS. The fact that there was only a change in
cortisol levels of the placebo group, while cortisol levels in women
taking PAS remained almost constant makes this result hard to
interpret. It may indicate that this effect is not a treatment effect of
PAS. To conclude, no evidence was found, that treatment with PAS
changes cortisol levels of women with PMS during both phases of
the menstrual cycle. Our results were in line with a systematic
review of the associations between PMS/PMDD and cortisol levels
performed by Kiesner and Granger [21]. They concluded that
overall, there is very little evidence that women with and without
PMS/PMDD demonstrate systematic and predictable mean-level
differences in cortisol. The authors found this conclusion supported by the predominance of studies showing null effects, and by
the lack of consistency in the direction of effects that were found.
The current study clearly substantiates the effective and safe
treatment of PMS with a complex of phosphatidylserine and
phosphatidic acid. The PAS complex alleviated the PMS symptoms,
providing a safe alternative to standard pharmacological treatment.
In view of the recent inclusion of PMDD in the DSM-5, the positive
results of this clinical study merits consideration of developing the
PAS complex as a botanical drug for treatment of PMDD.
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