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Abstract

Objective: To examine the associations between menstruatiaturess and symptoms and
hormone-immune-metabolic biomarkers

Methods: Forty-one women completed questionnaires assesgiagacteristic menstruation
symptoms, duration of menstrual cycle and numbepaafs used/day and completed the Daily
Record of Severity of Problems (DRS&8)ring the consecutive days of their menstrual eycl
Menses-related symptoms (MsRS) were computed fleensum of 10 pre- and post-menses
symptoms and the menstruation blood and duratidexr{MBDI) was computed based on the
daily number of pads and duration of menses. Wayassserum levels of various biomarkers at
days 7, 14, 21, and 28 of the subjects’ menstyEec

Results: MBDI was significantly associated with a) MsRS unming low abdominal cramps, and
gastro-intestinal (GI) and pain symptoms (positiyeb) plasma levels of haptoglobin (Hp),
CCLS5, insulin growth factor (IGF)-1, and plasminaggctivator inhibitor (PAI)1 (all positively);
and c) estradiol and paraoxonase (PON)1 arylestemasvity (both inversely). MSRS were
significantly predicted by CCL5 and IGF-1 (both piogly) and progesterone (inversely). Low-
abdominal cramps, and gastro-intestinal and paimpsyms were associated with lower
progesterone levels. The MBDI+MsRS score was sianitly predicted by the cumulative effects
of (in descending order of importance): Hp, IGRRON1 arylesterase, estradiol and PAI.
Conclusion: Menstruation-related features including estimatéxbd loss, duration of menses,
cramps, pain and Gl symptoms are associated witmdme-immune-metabolic biomarkers,
which mechanistically may explain those featuresnwn with an increased MBDI+MsRS index
> 0.666 percentile may be considered to have magirurelated distress, including

dysmenorrhea symptoms.
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Introduction

According to Sigmund Freud’s psychoanalytical viemgnstruation is related to cyclical
nasal bleeding, and dysmenorrhea, which is caugeckdessive masturbation, should be treated
with nasal surgery [1]. Helen Deutsch, one of tleshinfluential Western theorists of the 1930s,
described menstruation asditated periods during which previously represdedlings are
released”[2], which would indicate that women ars€frvants of the specieand “forever lost
their wish for an imagined periif2]. Another common psychiatric view was thatitagblood in
the menstrual cycle is equivalent to losing a bahg that fnenstruation is a crying to heaven in
the mourning over a chitd2, 3.

Nevertheless, the duration of a normal menstruelecis 28 days (range: 21-35 days) in
adult women and 21-45 days in younger women [4}hAtbeginning of the cycle (around day O-
5), increasing levels of estrogen in the follicula@mase halt menstrual bleeding and thicken
endometrium linings [5]. Ovarian follicles contintee develop under the influence of a complex
interplay of hormones, and after several days,folliele becomes dominant and will ovulate in
the mid-cycle. After ovulation, the remains of thaulated follicle turned into a “corpus luteum”,
becomes the primary source of progesterone pragucturing the second half of the cycle.
Progesterone prepares the uterine linings for pialemplantation by changing it into a “secretory
phase”. If implantation does not occur within appnoately 2 weeks, the corpus luteum will be
degenerated, leading to a sharp decrease in botegterone and estrogen levels, causing the
uterus to shed its linings in the process of meastrleeding [5].

Menstruation may be accompanied by pain and otlgerptoms including nausea,
vomiting, diarrhea, fatigue, low back pain, andtatility [6]. Dysmenorrhea, which is a sharp

painful cramp in the lower abdomen [7, 8], is expeced by almost 90% of adolescent females
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and 25% of adult women [9]. A meaningful part ofmen also suffer from premenstrual syndrome
(PMS) characterized by behavioral and physiosonsgtigptoms appearing during the luteal phase
of the menstrual cycle and ameliorating after thesd of menses [10, 11] and include a) depression
(mood swings, sensitive to rejection, less interiegéerference with hobbies and relationships),
anxiety (hopelessness, anxious, insomnia, beingwdedmed), physiosomatic (concentration
disturbances, lethargy, headache, muscle/joint) pgmptoms, and appetite and craving and
breast tenderness and swelling [12]. Nevertheliédsas remained elusive whether there are
associations between menses features, mensegrgjyatptoms (MsRS) and PMS.

Recently we showed that PMS, as defined using acase definition, namely menstrual-
cycle-associated syndrome (MCAS), is caused by lative corpus luteum insufficiency
(insufficient progesterone production), which, @rfpmay result from suboptimal pre-ovulatory
follicular development (lowered estradiol produnjievhile also immune-oxidative pathways are
involved [12-14]. The latter include increased lsvaf a) uterus-associated chemokines such as
chemokine (C-C motif) ligand 2 (CCL2), chemokine@dnotif) ligand 11 or eotaxin (CCL11),
and regulated on activation, normal T cell exprdsaad secreted (CCL5); growth factors
including epidermal growth factor (EGF), and lowkrevels of paraoxonase (PON)1, an
antioxidant enzyme that can hydrolyze lipid peresidhereby protecting low and high-density
lipoprotein (LDL-HDL) against oxidation [15] [16,7].

Excessive or imbalanced amounts of prostanoidtu@img prostaglandins) and alterations
in progesterone are pathophysiological factorsyshtenorrhea. Prostanoids released from the
uterine endometrium during menstruation, leadequent uterus contractions with increased basal
tone and increased active pressure [18, 19]. Tieisne hypercontractility could lead to reduced

uterine blood flow, which can finally induce ischierpain in those women who have increased
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peripheral nerve hypersensitivity [18]. The prodwuct of prostaglandins is controlled by
progesterone whereby a decrease in progesteromg dioe late luteal phase prior to menstruation
causes prostaglandins levels to increase [19, 20].

Moreover, some previous studies showed that meaigiruis associated with peripheral
immune-inflammatory responses. Wander et al. (2008)d that menstruation is associated with
a 17% increase in C-reactive protein (CRP), wheraby0-fold increase in progesterone is
associated with a 23% increase in CRP and a 10+iotéase in estrogen with a 29% decrease in
CRP [21]. Haptoglobin (Hp), an acute phase respdasacreased immediately after menses as
compared with the luteal phase and is increasedenne fluid during the secretory phase [14,
22]. Regulated upon activation, normal T cell espeal and secreted (RANTES or CCL5) is a
chemokine attracting monocytes and activated & dbét is synthesized by stromal cells of both
normal endometrium and endometriosis tissues @8pmal cells of normal endometrium also
express CCL5 mRNA transcripts and protein [23] Hrete are lymphoid aggregations [24] and
leukocyte infiltrations during the luteal phase][2iiggesting that CCL5 has a role in the normal
physiology of the endometrial immunological syst@3i.

Moreover, some results suggest that the menstruatay be associated with metabolic
hormonal biomarkers. Fore example, endometrialnpiasgen activator inhibitor type 1 (PAI-1)
activity is increased in women with menorrhagia iisteual blood loss > 80 ml/cycle) during the
late secretory phase and menstruation [26]. Theulimfke growth factor (IGF)
autocrine/paracrine system may play a role in sgmbnes-mediated endometrial differentiation
[27] and is implicated as an important regulatoprd-implantation and placental development
[28] and fetal development [29]. Nevertheless,dhae no data whether menstruation features or

dysmenorrhea-like symptoms are associated witeghdrormones progesterone and estradiol, the
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uterus-associated chemokines (e.g. CCL2, CCL5 a@d.1C), EGF, hormonal-metabolic
biomarkers including PAI and IGF-1, and antioxidanzymes as well.
Hence, this study was carried out to delineatbeatssociation between menstrual features,

MsRS and PMS, and b) their associations with hoalionmune-metabolic biomarkers.

Subjectsand Methods
Participants

Forty-one female participants aged 18-45 years wesriited by verbal announcements
at the King Chulalongkorn Memorial Hospital duritige period April-May 2018, including 21
with subjective complaints of PMS and 20 withouttswomplaints. Inclusion criteria were: 1)
women aged 18-45 years; 2) being able to read aitel the Thai language; 3) having a regular
menstrual cycle with a cycle length of 27-30 daysrdy the past years; 4) able to complete the
self-ratings for all consecutive days of the maratcycle; and 5) able to have 4 blood samples
drawn at day 7 (T1), day 14 (T2), day 21 (T3) aagl @8 (T4) of the menstrual cycle. Subjects
are excluded if they 1) have a lifetime historyamly psychiatric illness; 2) have a history of
medical illness including diabetes type 1, and iautaune/immune-inflammatory disorders
including rheumatoid arthritis, inflammatory bovadidease, psoriasis and multiple sclerosis; 3) are
currently pregnant, lactating or using hormonaltareptive agents; and 4) currently use any
psychotropic medications. The study was approvethbyEthics Committee of the Faculty of
Medicine, Chulalongkorn University, Bangkok, Thaitg(IRB No0.611/60, COA No. 1111/2017).

Written informed consent was obtained from all jggrants prior to the study.

Clinical assessments
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All participants were evaluated by an experiencegchiatrist specialized in women’s
health (CR) to exclude women with medical and/oycphgtric conditions before obtaining
informed consent. The participants were requesietbimplete socio-demographic and clinical
data questionnaires, and a detailed menstrualrpigtas obtained including age of menarche and
regularity of the menstrual cycle. We also obtaidath on amounts of pads used per day during
the menses and duration of menses. Based on thaiaews computed an index reflecting
menstruation blood loss and duration as z scqoadds/day + z score of duration of menses, labeled
as menstruation blood & duration index (MBDI). Wecadichotomized the study group into those
with higher versus lower MBDI values using a 0.@@écentile threshold value. We also measured
10 common MsRS (self-rated yes/no) before menses-NB) and after menses (Post-Ms),
namely: acne, gastro-intestinal upset, diarrheastgeation, bloating, back pain, muscle ache,
dizziness, headache, and lower abdominal crampsstim of these 10 symptoms both at pre-Ms
and post-Ms as well as their sum was used as ax DfdVIsRS. As such alterations in the repeated
measurements of MsRS from pre-Ms to post-Ms refteanges in MsRS during the menses. We
also computed MsRS subscores namely gastro-inaésf@®l) or irritable-bowel-like (IBS)
symptoms as sum of gastro-intestinal upset, diarrfe@nstipation, and bloating, and pain
symptoms as sum of back pain, muscle ache, andatlead Consequently, we computed a
composite score reflecting menses bleeding and ®ymgpchanges during the menses as: z score
of pads/day + z score duration of menses + z skt®RRS (pre-Ms and post-Ms), labeled as
MBDI+MsRS. Additionally, all participants completéle Daily Record of Severity of Problems
(DRSP) during the consecutive days of their meastaycle starting on day 1 of menstrual
bleeding. The DRSP is a self-report instrument isbing of 21 items plus 3 functional impairment

items commonly used to assess PMS [30]. Each iterated from 1 to 6 (1 = not at all, 2 =
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minimal, 3 = mild, 4 = moderate, 5 = severe, 6 traare). The DRSP has been used to measure
the “presence” and “severity” of PMS-related synmpscand can be used to screen for a DSM-IV
diagnosis of premenstrual dysphoric disorder (PM[H2].

Based on the DRSP score, we made different diagod§IMS using three case definitions
[12]: a) The diagnosis of PMS is made when thel ioRSP score was 70 on day -5 to -1 of
menses and when there was a 30% difference betwemmenstrual (day -5 to -1) and
postmenstrual (day 6-10) scores [30-32]. b) TheriNS” case definition was made when the
sum of DRSP scores during the peri-menstrual p€dags 1 and 2 + 24 to 28) > 0.666 percentile
[12]. c¢) The case definition “MCAS” was used whde ttotal daily DRSP score during the

menstrual cycle > 0.666 percentile [12].

Assays

Fasting blood was sampled at 8.00 a.m. at day 7, @&y 14 (D14), day 21 (D21), and
day 28 (D28) of the subjects’ menstrual cycle twagsestradiol, progesterone, C-reactive protein
(CRP), haptoglobin (Hp), chemokines and PONL1 stafbhese 4 time points reflect different
phases of the menstrual cycle, namely D7: the wiliccfilar phase with increasing estrogen levels;
D14: mid-cycle phase around ovulation with declinastrogen levels; D21: mid-luteal phase with
peak progesterone levels; and D28: end of the @mtestart of menses with the sex-hormones
levels reaching their nadir [12, 33-35]. For an iomoassay of estradiol and progesterone, we used
in vitro quantitative determination using Coba601 with a competition principle as described
previously [36]. The assay of hsCRP was perform&dguCardioPhase® hsCRP, which is a
diagnostic reagent for the quantitative determaratof hsCRP in human serum by means of

particle enhanced immunonephelometry using BN* &yst The intra-assay CV value is 2.7%.
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Serum haptoglobin was measured using immunoturleishinon the Architect C series analyzer
(Abbott Diagnostics, Abbott Park, IL, USA). Humaergin E1/PAI-1 and human IGF-1 were
assessed using a quantitative sandwich enzyme imassay technique (R&D Systems, Inc,
Minneapolis, MN, USA). Briefly, 50 ul of serum waslded in anti-human Serpin E1 or anti-
human IGF-I coated wells. Samples for human IGedded an additional pretreatment step to
release IGF-I from binding proteins. After conjugiagubstrate and stop solution steps, the plates
were read at 450 nm. The sensitivity (Minimum D&ibte Dose) of Human Serpin E1 and Human
IGF-1 were 014-0.142 (0.059) and 0.007-0.056 (0)G®&EmL, respectively. For CCL-2/MCP-1,
CXCL10/IP-10, IL-8/CXCL8, CCL-11/eotaxin, EGF, a@CL-5/RANTES 50 pl of serum (1:2
dilution in calibrator diluent) was mixed with 50 @f microparticle cocktail containing those the
same factors (R&D Systems, Inc, Minneapolis, MNAYSer well of a 96-well plate provided by
manufacturer and incubated for 2 hours at room &gaipre on a shaker at 800 rpm. The mixture
was then washed 3 times with wash buffer and Siluted Biotin Antibody cocktail was added
and then incubated for 1 hour. Wells were washen&s before another 50 pl of diluted
Streptavidin-PE was added and further incubatedB@minutes. Finally, wells were washed 3
times and 100 ul of wash buffer was added andtefiom temperature for 2 minutes before being
read with Bio-Plex® 200 System (Bio-Rad Laboraterinc.). The assay of PON1 status was
explained previously [37], namely “to stratify in@uals in the functional genotypes of the PON1
Q192R polymorphism (QQ, QR, and RR), the substrasesi were phenyl acetate (PA, Sigma,
USA) under high salt condition and 4-(chlorometplignyl acetate (Sigma, USA), which is an
alternative to the use of the toxic paraoxon. P@btlvity was determined by the rate of hydrolysis
of phenyl acetate under low salt condition (AREagejalysis were conducted in a microplate

reader (EnSpire, Perkin Elmer, USA) [38]. Althouple PON1 Q192R genotypes were assayed,
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those data yielded non-significant results andua$ she data are not presented here [37]. The
intra-assay coefficients of variation were <10%dtranalytes. In the present study, we also used

the sum of the biomarkers obtained at the 4 timetpauring the menstrual cycle [14]

Statistics

We used analysis of contingency tablg2 {est) and analysis of variance (ANOVA) to
ascertain associations among categorical varianléslifferences in scale variables, respectively.
Multiple regression analysis was used to delinglagebest biomarker combination predicting
various dysmenorrhea indices. Multivariate GLM gse& was employed to examine the
associations between a set of biomarkers and MBBg®ups. Consequently, univariate GLM
analysis was used to examine the differences ih eathe biomarkers used in the multivariate
GLM analysis between both MBDI classes. Generaligstimating equation (GEE), repeated
measures, was used to ascertain the effects ofaimé/IBDI classes on symptom profiles. GEE,
repeated measurements, was also employed to élssesssociations between MBDI+MsRS and
biomarkers. Principal Component Analysis was usaalfaature reduction method. Binary logistic
regression analysis was employed to delineatedgbtedrediction of women with a MBDI+MsRS
score> 0.666 percentile. Tests were 2-tailed and a pevalu0.05 was considered for statistical

significance. All statistical analyses were perfedmusing IBM SPSS windows version 25.

Results.
MBDI and socio-demographic and clinical data
Table 1 shows the socio-demographic and clinical datehef4l1 women in the present

study divided into those with an increased MBDIsuera lower MBDI index (dichotomized using
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a 0.666 percentile threshold value). There weresigmificant differences in age, years of
education, income, BMI, marital status, age at mgmand length of the menstrual cycle between
both study groups. In addition, there were no siggmt associations between the MBDI index
and different diagnosis of PMS namely the MCAS, S and PMS case definitions. The total
DRSP score obtained by daily measurements all theeicycle was not significantly different
between women with and without an increased MBDdrescand there was no significant

association between the MBDI and the DRSP sco@Z67, p=0.105).

MBDI and MSRS

Duration of menses was significantly associatech wliaily number of pads (r=0.329,
p=0.036) and MsRS (r=0.366, p=0.019). PCA showsaliiasst PC extracted from number of pads,
duration of menses and MsRS explained 54.7% ofdhnience and that all three variables loaded
highly on this first PC (all > 0.701). Furthermotieere was a strong association between this PC
and the composite score MsRS (r=0.999, p<0.001gatidg that the latter score reflects the three
manifestations of menstruation-associated featsyagitoms.

Table 2 shows the differences in MSRS symptoms betweenemowith and without an
increased MBDI score. IBS and pain symptoms anddta MsRS were significantly higher in
women with an increased MBDI score. Pre-Ms (p=0)G#81 post-Ms (p=0.001) MsSRS scores
were significantly higher in women with an incred$¢BDI score as compared with those with a
lower scoreFigure 1 shows the significant correlation between the MBDH the MSRS scores
(r=0.430, p<0.01). Women with low abdomen crampsasdd a significantly increased duration

of menses (F=6.13, df=2/38, p=0.005) and incre&sesymptoms (F=4.43, df=2/38, p=0.019).
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There was a significant association between the $18Rd the total DRSP score (r=0.405,

p=0.009).

Biomarkers of MBDI

We examined the associations between the MBDI s(aicdhotomized using a 0.666
percentile threshold value) and the biomarkersgusinltivariate and univariate GLM analysis.
We found - using multivariate GLM analysis — thiaére was a highly significant association
between MBDI and biomarkers with an effect siz€.6f19, including CCL5, PAI, IGF-1, Hp and
estradiol Table 3). Univariate GLM analyses showed that CCL5, PAI, IGFand Hp were
significantly increased in women with a high MBDdose, while estradiol was significantly
lowered in women with a high MBDI score. The maghgicant associations (based on effect
size) was (in decreasing order of importance): éfpradiol, PAI, IGF-1 and CCL5. There were
no significant differences in the other chemokinE&F, hsCRP, progesterone and PON1
arylesterase activity.

We also examined the best biomarker predictorsBDVMSRS using automatic stepwise
multiple regression analyses with biomarkers adaggtory variables while allowing for the
effects of age, age at menarche, education and Balle 4, regression #1 shows that 23.0% of
the variance in number of pads/day was explainedHpy(positively associated) and PON1
arylesterase activity (inversely associated). Resjom #2 shows that 27.4% of the variance in
duration of menses was explained by the regressidiip and IGF-1. Model #3 shows that 38.6%
of the variance in the MBDI score was predictedHsycumulative effects of 3 biomarkers, namely
Hp, IGF-1 (both positively associated) and PONllemtgrase activity (inversely associated).

Figure 2 shows the significant correlation (partial regr@esobtained by regression #2) between
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the MBDI and Hp levels (r=0.513, p<0.001). MsRS wamificantly associated with CCL5 and
IGF-1 (both positively associated), which explai28d3% of the variance (see Table 4, regression
#4). MBDI+MsRS (regression #5) was to a large ex(é4.7% of the variance) explained by 3
biomarkers, namely Hp, IGF-1 (both positively) aR@ON1 arylesterase activity (inversely
associated)Figure 3 shows the partial regression between the MBDI+MsB&e and IGF-1
(r=0.417, p=0.008).

We have also examined the associations betweekI$RS indices at pre- and post-Ms
conditions and the biomarkers using GEE, repeatedsoresTable 5, GEE shows that Gl
symptoms were associated with CCL5 and IGF-1; gamnptoms and low abdominal cramps with
progesterone (inversely); and MsSRS with progestertiaF-1 and Hp (GEE #1-4). GEE #5 shows
that a combination of 5 biomarkers significantlegicted the MBDI+MsRS index, namely in
descending order of importance Hp, IGF-1, PONlestgrase, estradiol and PAL.

Finally, we have performed binary logistic regressianalysis to delineate the best
prediction of women with a MBDI+MsRS score0.666 percentile versus those with a lower
score (using the random oversampling approach mitltiple copies of the minority class to
obtain a balanced split between both clasSeaf)le 6 shows that increased IGF-1 and Hp and
lowered estradiol best predicted an MBDI+MsRS sedd&566 percentile with a Nagelkerke value

of 0.506. The DRSP score was not significant ia tRgression.

Discussion
The first major finding of this study is that numbeof pads used during menses and
duration of menses are associated with MsRS inatultiv abdominal cramps, and Gl and pain

symptoms. These results extend those of a prep@pisr reporting that women who perceive their
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menstrual bleeding as “heavy” or “very heavy” tetwl experience severe or very severe
menstrual pain [39]. The average amount of menishioad flow during the menses is between

10-80 mL and the average duration of menstruablihgds approximately 4-5 days with shedding

of the superficial stratum functionalis (epithelisiromal and vascular) of the endometrium [40].

Using the MBDI composite score at a threshold val@666 percentile delineates a subgroup of
women with increased duration of menses (mean +8M&+1.37 days) and increased blood loss
as estimated by the number of pads used.

We also observed that women with low abdominaings had a significantly higher
duration of menses and more severe Gl symptomsfuPanenstruation (dysmenorrhea) is a
common condition among menstruating women and isinconly accompanied by other
symptoms including nausea, vomiting, diarrhea, tdsgppetite, headache, back pain, and general
aching [41]. Worsening of GI symptoms, i.e. abdamhipain, bloating and diarrhea, has been
reported during menses among women with IBS [4R,M@&vertheless, our data show that cramps
and Gl symptoms partially overlap indicating theyé& a common pathophysiology. All in all, the
composite score MBDI+MsRS using a threshold vafue@666 percentile delineates a subgroup
of women with more menstruation distress as inditdily longer duration of menses, greater
estimated blood loss and more cramps, Gl and gaip®ms. In contrast, dysmenorrhea indicates
painful menstruation with low abdominal cramps daes consider other menstruation distress
features as delineated in the current study.

The second major finding of our study is that tbenposite MBDI score was associated
with lowered estradiol. The shedding of the ‘oltfatum functionalis usually takes 1-2 days,
whereas menstrual bleeding still continues durimg proliferation and repair of the surface

epithelium which may take several days. The measbn period is followed by regeneration of


https://doi.org/10.20944/preprints202003.0416.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 29 March 2020 d0i:10.20944/preprints202003.0416.v1

stratum functionalis cells under the influence sifre@gen [44]. After ovulation, as the production
of progesterone by the corpus luteum increasesrilemetrium changes into a secretory phase
whereby spiral arterioles grow within the stratumdtionalis and acquire muscles. Estradiol and
progesterone withdrawal due to corpus luteum detrigggers the initiation of menstrual bleeding
[45] by induction of stromal shrinkage and spirgkegolar vasoconstriction, leading to relative
hypoxia in the functionalis layer and influx of Bcytes and immune cells [46, 47]. Thus, our
findings suggest that women with lowered estradielmore likely to have more blood loss and a
longer duration of menses due to reduced or postp@noliferation, repair and regeneration of
the surface epithelium.

The third major finding of our study is that MsR&luding cramps and pain symptoms
were significantly and inversely associated withspha progesterone levels. These data are in
agreement with the knowledge that that progestelmreds control prostaglandin production and
that a decrease in progesterone is inversely agsdcwith increased prostaglandins levels [19,
20]. Increased endometrial production of the pglatadins PGk, and PGE cause increased
myometrial contractility with lower abdominal cram@ms well as Gl symptoms including nausea,
vomiting, and diarrhea [48-50]. In women with IBS¢reased release of prostaglandins by the
endometrium worsens Gl symptoms during menses J43,Blocking the synthesis of
prostaglandins with cyclooxygenase inhibitors lesverostaglandin levels in menstrual fluid
thereby significantly decreasing dysmenorrhea spmpt[52]. Interestingly, combined treatments
with estrogen and progestin in oral contraceptiile pre widely used to treat dysmenorrhea [53]
by limiting endometrial growth and reducing the ambof endometrial tissue available for
prostaglandin production [54]r&staglandins secreted by disintegrating cellsndumenstruation

as a consequence of lowering progesterone laalse an increase in prostaglandins, which
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promote uterine contractions and vasoconstrictihg5b]. Therefore, our findings suggest that
women with lowered progesterone levels are moedylito display MsRS and menstrual distress.

The fourth finding of this study is that while MsR$mptoms were correlated with the
DRSP scores measured all over the cycle, there wereignificant associations between
menstruation distress and PMS as assessed witraliffcase definitions including MCAS. In
some but not all studies there is a high comonpiogtween dysmenorrhea and PMS [56-58]. For
example, 91.5% of young women with dysmenorrhea lRBMS and 85% of young women with
PMS have dysmenorrhea, whereas in other studiesoimerbidity between dysmenorrhea and
PMS symptoms is 17.4% indicating that dysmenortnes occur in women with and without
PMS [56-58]. It is interesting to note that bothsthenorrhea and PMS cause a significantly
decreased health-related quality of life [59]. H®iere, our findings may indicate that while
menstrual cycle-related symptoms and MsRS showderate overlap, there are no associations
between the more extreme expressions of both ctsycepmely MCAS versus menstruation
distress. This may indicate differences in the watfs underpinning MCAS and menstruation
distress.

The fifth major finding of this study is that theB®I| and MBDI+MsRS scores are strongly
associated with Hp, but not CRP, and IGF-1, PAILE@nd PONL1 arylesterase, but not CCL2,
CXCL-8, CXCL-10 and EGF, which are biomarkers of M& Therefore, menstruation distress
(Hp, IGF-1, PAI) and MCAS (CCL2, CXCL-10, CXCL-8 @rcDF) are externally validated by
different sets of biomarkers supporting that bo#netruation distress and MCAS are different
concepts, although lowered levels of estradiol prudjesterone and increased CCL5 are shared

biomarkers which may explain the partial overlapMeen both concepts.
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CCL5, which is associated with both MCAS and meradton distress, is a chemokine that
is synthesized by stromal cells of normal and eretdosis tissues [23] and plays a role in
endometrial immunological physiology and endometrtisease [23] For example, in
endometriosis and deep infiltrating endometrioSEL5 is correlated with the clinical stages of
disease and with dysmenorrhea [23, 60]. Additignatl stromal cells of adinomyosis, a condition
in which the endometrium invades through the musaé of the uterus, CCL5 expression is
increased as compared with eutopic endometrium, thadelevated CCL5 levels in eutopic
endometrium are significantly correlated with higkeverity of dysmenorrhea [61].

Also increased levels of IGF-1, PAI and EGF as veslllowered PON1 activity may
explain in part MsRS and menstruation distressieged endometrial PAI-1 is associated with
menorrhagia as defined by menstrual blood loss 80ycle in the late secretory phase and
menstruation [26]. PAI-1 functions as the principaihibitor of tissue plasminogen
activator and urokinase, which lead to the physgical breakdown of blood clots. Platelet
aggregation, thrombus formation, and fibrin depositire mechanism responsible for cessation
of menstrual bleeding [62]. Women with menorrhdggae looser plasma fibrin clots formation
and shorter clot lysis time, which is associated thwilower platelet counts,
tissue plasminogen activator antigen, and PAIl-ligant [63]. Importantly, increased PAI-
1 expression in endometriotic tissues is signifilyacorrelated with increased dysmenorrhea [64].
PAl is an inflammatory marker, which is inducedgrg-inflammatory cytokines [65] and affects
gastric emptying and food intake and may induceehyipagia [66, 67]. As such, the positive
associations of PAI-1 with MBDI may be explained the inflammatory response during

menstruation which is accompanied by increased Pr&lgulating fibrinolysis.
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Hp is significantly higher at the end of the menation as compared with the luteal phase
[14] and is increased in uterine fluid during teergtory phase [22]. Hp is an acute phase reactant
and is elevated in endometritis and inflammationthaf uterine endometrium [68]. Hp displays
high affinity for free hemoglobin (Hb), releasedrirred blood cells, and the formed Hp-
Hb complex is removed from the body by the retienldothelial system (mostly by the spleen)
thereby lowering oxidative stress and inflammatsnwell [69,70]. As such, increased levels of
Hp at the end of menses may be a compensatoryateguimechanism during the inflammatory
response during menstruation attenuating overzeahflammatory and oxidative responses.

The production of IGF-1, a neurotrophin, is stinbethby a pulsatile secretion of growth
hormone (GH) and its major activity is to stimulatdlular growth and differentiation [71]. The
IGF autocrine/paracrine system plays a key rolesex hormone-mediated endometrial
differentiation [27] and IGF-1 is an important réagor of pre-implantation, placental [28], and
fetal development [29]. IGF-1 mRNA is expressedh®/subepithelial stroma of the endometrium
(in dairy cows) and plays a role in human tissigeneration and activates wound healing, cell
proliferation and collagen synthesis, indicatingtttGF-1 promotes uterine stroma and epithelium
proliferation during uterine involution [72]. IGFdlso affects the gastro-intestinal tract including
by increasing mucosal mass [73] and may enhancebyanodulating calcium channels [74]. As
such, increased IGF-1 may play a key role in meastepair mechanisms involving proliferation
and remodeling [72], but could increase pain séms&xplaining the strong association of IGF-1
and IBS-like symptoms and MsRS. Finally, loweredNRPD arylesterase activity may lead to
increased oxidative stress and inflammatory resgofig5] and therefore, women with lowered
PON1 activity are more likely to have exaggerat@thmmatory responses during menstruation

[75]. Moreover, lower PON1 activity is associateiivincreased translocation of Gram-negative
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bacteria, which play a role in the pathophysiolafyncreased DRSP ratings at the end of the
menstrual cycle [37]. Interestingly, PON1 playsoéerin human fertility and reduced PON1
activity is associated with early pregnancy failufg]. Moreover, the PON1 Q192R

polymorphism is a risk factor of uterine leiomyo{id].

Conclusions

Figure 4 summarizes the features of MSRS and menstruaigtnesls and shows the
differences between the latter and MCAS. The nemvpmisite score MBDI is strongly associated
with lowered estradiol levels, while MSRS and Gdl qain symptoms are associated with lowered
progesterone levels. Both indices are significaasiyociated with biomarkers which play a role in
MsRS, namely Hp, IGF-1, PAI, CCL-5 and PON1 andesse activity. Menstruation distress and
MCAS are externally validated by different clinidahtures and biomarkers, namely menstruation
distress by indices of increased blood loss, lordygation of menses, cramps, Gl and pain
symptoms, increased IGF-1, PAI, and Hp; and MCASinmyeased depressive, anxiety, and
physiosomatic symptoms as well as breast swelligegpetite changes, increased CCL2, CCL5,
CXCL-8, CXCL-10 and EGF. Increased CCL5 and lowdmsgtls of sex hormones are shared
biomarkers underpinning both menstruation distrasd MCAS. These findings show that
symptoms during the menstrual cycle can best beepinalized as: a) MSRS and menstruation
distress when MBDI+MsR$ 0.666 percentile; and b) MCAS computed as sunotal DRSP

scores from day 1 through day 28 at a threshokl@b666th percentile.
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Table 1 Socio-demographic, clinical and biomarker datd bfvomen divided according to their menstruaticeeling & duration g

index (MBDI). )

5

Variables MBDI <0.666 MBDI > 0.666 F/ X2 df p m

(n=27)$ (n=14) $ %

Age (years 314 (7.1 31.1 (7.3 0.0z 1/3¢ 0.90( L

Years of educatio 15.8 (1.7 16.2 (0.6 0.71 1/3¢ 0.40: g

Income (Bal/morth) 83640 (94211 88214 (5736¢ 0.0¢ 1/37 0.87( I

BMI (Kg/m?) 21.8 (3.8 22.9 (34 0.8¢< 1/3¢ 0.36¢ —

Age menarcl (years 13.0 (1.1 12.4 (1.4 2.6( 1/3¢ 0.11¢ §

Length cycli (days 27.0 (5.0 28.8(1.6) 1.77 1/3¢ 0.191 ]

Per-MS (No/Yes 15/ 12 717 0.11 1 0.73¢ N

MCAS (No/Yes 20/ 7 77 2.3¢ 1 0.12: =

PMS (NdYes 15/ ¢ 11/ 11 3.6¢ 1 0.05¢ S

Single / divorcec 19/ € 10/ £ 0.01 1 0.94¢ N

Pad¢/ day 2.89 (0.85 4.54 (1.71 20.7¢ 1/3¢ <0.001 S
Duration of menses (day 4.01 (0.99 6.00 (1.37 59.3¢ 1/3¢ <0.001
Total DRSI score 904.8 (211.7 992.1 (200.5 1.62 1/3¢ 0.21C

All results are shown as meatSD). All results of ANOVA (F) or analysis of congjancy variablesX®)

$ MBDI is estimated as z number of pads/day + ztihwranenses (in days); a high MBDI score is definediBDI> 0.666 z score,
and low when MBDI < 0.666 z score; BMI = body masiex,

Peri-MS = Peri-menstrual syndrorag computed by sum of DRSP scores during the pemstrual period (days 1 and 2 + 24 to 28) >
0.666 percentile, MCAS = Menstrual cycle-associatgttirome as computed by a total daily DRSP scarieglthe menstrual cycle

> 0.666 percentile, DRSP = Daily Record of SevenitProblems.
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Table 2 Association between menstruation bleeding & daratndex (MBDI) and menses-related symptoms (MsRS)

Symptom Pre-Ms symptoms Post-M s symptoms Time MBDI (median split)
MBDI MBDI MBDI MBDI Wald p Wald p
< 0.666 > 0.666 < 0.666 > 0.666 X? X?
(n=27) (n=14) (n=27) (n=14)
Cramp: 14/ 1% 4/ 1C 15/ 1z 4/ 1C 0.11 0.73¢ 2.85 0.092
IBS symptom 1.30 (0.56 2.21(0.31 1.37 (0.22 2.43 (0.33 0.77 0.38( 7.1% 0.007
Pain sympton 1.86 (0.16 2.07 (0.26 1.52 (0.18 2.21 (0.29 2.31 0.12¢ 4.4 0.03¢
Total MsR<E 4.63(0.37 6.21 (0.56 4.07 (0.35 6.50 (0.66 0.34 0.55¢ 8.8¢ 0.00¢

All results of GEE analysis, repeated measure$, prie-menses (pre-Ms) and post-menses (post-M)teyns as dependent

variables and time and MBDI as explanatory varighléBDI is computed as z score of number of patis/s + z score of duration of

menses (in days); a high MBDI score is defined &> 0.666 z score, and low when MBDI < 0.666 z score.

MsRS: menses-related symptoms computed as sunmef gastro-intestinal upset, diarrhea, constipabtoating, back pain, muscle

ache, dizziness, headache, and lower abdominapsréeramps). IBS: symptoms reminiscent of irritaievel syndrome computed

as sum of gastro-intestinal upset, diarrhea, goatstin, and bloating; and Pain symptoms: pain sgmptincluding back pain, muscle
ache, and headache.
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Table 3 Association between menstruation bleeding andtiduréndex (MBDI) and biomarkers

Biomarker MBDI MBDI F df p Partial
< 0.666 > 0.666 Eta squared

Multivariate GLM 7.13 5/ 33 <0.001 0.519
Univariate GLM*
CCL5 (z score -0.205 (0.17¢ 0.395 (0.24: 3.99 1/37 0.053 0.097
CCL5 (pg/mL 183358 (4456« 266889 (1965¢
PAI (z score -0.245 (0.18¢ 0.473 (0.25¢ 5.19 1/37 0.029 0.123
PAI (ng/mL) 54.7 (2.4 66.1 (4.6
IGF-1 (z score -0.177 (0.147 0.341 (0.19¢ 4.42 1/37 0.042 0.107
IGF-1 (ng/mL 652.8 (46.4 769.9 (59.€
Hp (z score -0.296 (0.15¢ 0.571 (0.221 10.06 1/37 0.003 0.214
Hp (mg/dL 327.4(21.7 471.9 (45.3
Estradiol (z scort 0.252 (0.18¢ -0.486 (0.25¢ 5.36 1/37 0.026 0.126
Estradiol (pmole/L 1967.153. 1418.7 140.t
CCL2 (pg/mL 1031.7 (95.¢ 1214.1 (111.7 1.41 1/3¢ 0.247 =
CXCL-10 (pg/mL 340.5 (24.4 362.2(173.6 0.21 1/3¢€ 0.65( -
CXCL-8 (pg/mL 433.0 (185.€ 433.6 (168.2 0.0C 1/3¢ 0.99¢ -
CCL11 (pg/mL 578.8 (37.¢ 622.6 (52.€ 0.4€ 1/3¢€ 0.507 -
EGF (pg/mL 1696.8 (101.t 1968.9 (165.9 2.1¢ 1/3¢ 0.14¢ -
hsCRP (mg/L 6.2 (9.6 9.9 (10.5 1.1¢ 1/37 0.28¢ -
Progesterone (nmolL) 54.1 (5.6 48.7 (7.3 0.3t 1/3¢ 0.56( -
PON1 AREase (U/l 837.3 (42.2 773.3 (55.5 0.8 1/3€ 0.37( -
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MBDI is computed as z score of number of pads sday score of duration of menses (in days). Thes® are dichotomized
according to 0.666 percentile values.

All results of GLM analysis with age and body mastex as covariates. * Results of multivariate GaNalysis with Regulated upon
activation, normal T cell expressed and secretédN(RES or CCL5), Plasminogen activator inhibitor ([pAnsulin-like growth
factor 1 (IGF-1), haptoglobin (Hb) and estradiodapendent variables.

EGF: epidermal growth factor, hsCRP: high sensiiveactive protein, PON1 AREase: paraoxonasel¢ésigrase activity

*Results of univariate GLM analysis performed ooleaf the biomarkers separately. Shown are the hyeteerated estimated
marginal mean values (SE) and their z scores.
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E
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E
Table 4 Prediction of menstruation bleeding and duratratex (MBDI) and menses-related symptoms (MsRS)gusiomarkers as =)
exploratory variables §
g
«
Dependent variables Explanatory ] t P Fmode df p R? —
variables &
#1. Number of pads/day | Model 5.66 1/38 0.007 0.230 5
Hp 0.46¢ 3.07 0.004 m
PON1 AREas -0.33¢ -2.2% 0.03: =
#2. Duration mensesin | Mode 7.17 2/38 0.002 | 0.274 <
days Hp 0.38¢ 2.7¢ 0.00¢ Z
IGF-1 0.37: 2.7C 0.01cC S
#3. MBDI Model 7.74 3/37 <0.001 0.386 5
Hp 0.571 4.1¢ <0.001 )
IGF-1 0.28¢ 2.1¢ 0.03¢ g
PON1 AREas -0.32¢ -2.31 0.02: =
#4. MSRS Model 5.77 2/38 0.006 0.233 =
CCL5 0.38( 2.6¢ 0.011 S
IGF-1 0.30z 2.15 0.04( S
#5. MBDI+M SRS Model 9.96 3/37 <0.001 0.447 e
Hp 0.59: 4.62 <0.00!
IGF-1 0.34] 2.7¢ 0.00¢
PON1 AREas -0.31¢ -2.4€ 0.01¢

All results of multiple regression analysis withmses features as dependent variables and biomakergplanatory variables.

MBDI: computed as z score of number of pads/dayséare of duration of menses (in days); MsRS: cdetbas sum of acne,
gastro-intestinal upset, diarrhea, constipatiooatihg, back pain, muscle ache, dizziness, heagdaokdower abdominal cramps;
MBDI+MsRS: computed as z score of MBDI + z scoré/sRS.
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Table 5 Associations between Menstrual Bleeding & Duratimtex (MBDI), menses-related symptoms (MsRS) aodbarkers

Dependent variables Exploratory B SE Wald df p
variables
#1.I1BS CCLS 0.331 0.111« 8.81 1 0.00:
IGF-1 0.32¢ 0.121( 7.17 1 0.007
#2. PAIN Progesteror -0.311 0.106" 8.5( 1 0.00¢4
#3. Cramps Progesteror -0.60¢ 0.270: 5.01; 1 0.02¢
#4. MsRS Progesteror -0.30¢ 0.099¢ 9.3¢ 1 0.00z
IGF-1 0.32; 0.123¢ 7.01 1 0.00¢
Hp 0.292 0.126. 5.2¢ 1 0.021
#5. MBDI+MsRS Hp 0.491] 0.161¢ 9.21 1 0.00z
IGF-1 0.37¢ 0.103¢ 13.02 1 <0.001
Estradio -0.242 0.092¢ 6.7¢ 1 0.00¢
PON1 -0.271 0.080¢ 11.2¢ 1 0.001
PAI 0.18( 0.086¢ 4.34 1 0.03:

All results of GEE analysis, repeated measure$, eépendent variables assessed at the end of tistrored cycle and 7 days later
and biomarkers (assayed at the same time poineypanatory variables while allowing for the etfeof age, education and body
mass index (all non-significant).

IBS: symptoms reminiscent of irritable bowel synmdecomputed as sum of gastro-intestinal upset;hdiar constipation, and
bloating; Pain: pain symptoms including back pamscle ache, and headache; Cramps: low abdonmarabs; MsSRS: menses-
related symptoms computed as sum of acne, gadastimal upset, diarrhea, constipation, bloatiragkypain, muscle ache, dizziness,
headache, and lower abdominal cramps. MBDI: MeasBleeding & Duration Index computed as z scorawhber of pads/day + z
score of duration of menses (in days). MBDI+MsR8nof z score of pads/day + z score of duratiomefses + z score MSRS.

Hp = Haptoglobin, IGF-1= Insulin-like growth factbr PON1 = Paraoxonase 1 arylesterase, PAl = Rtag@n activator inhibitor.
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Table 6. Results of binary logistic regression analysigain increased menstrual bleeding and duraticexiiflBDI) + menses-
related symptoms (MsSRS) composite scof®666 percentile as dependent variable and loegres as reference group.

Explanatory B SE Wald p Oddsratio 95% CI interval
variables

IGF-1 1.02] 0.431 5.6C 0.01¢ 2.7¢ 1.1¢-6.4€

Hp 1.40¢ 0.52( 7.3(C 0.007 4.0¢ 1.47-11.3]
Estradio -1.13¢ 0.42¢ 7.1% 0.00¢ 0.32 0.14-0.7¢

Cl: confidence intervals; IGF-1= Insulin-like grdwfactor 1, Hp = Haptoglobin

MBDI+MsRS: sum of z score of pads/day + z scoréuwhtion of menses + z score MSRS (menses-relgtegtems computed as sum
of acne, gastro-intestinal upset, diarrhea, coastip, bloating, back pain, muscle ache, dizzinbsgadache, and lower abdominal
cramps).
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R: Linear = 0.185
6.0

4.0

Z duration menses + z number pads

4.0
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Figure 1 The significant correlation between the menstamkileeding and duration index (computed as sumsgbre of pads/day +
z score of duration of menses) and menses-relgtegtems (MsRS).
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Partial Regression Plot
10 R? Linear = 0.263
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Figure 2 The significant partial regression of the mengtamebleeding and duration index (MBDI) on plasnagtoglobin (Hp)
levels
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Partial Regression Plot

6.0 R? Linear = 0.174
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Figure 3 The significant partial regression of the mengtamableeding and duration index (MBDI) + menstiaatrelated

symptoms (MsRS) index on plasma insulin-like grofetttor-1 (IGF-1).
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Figure 4. The features of menstruation distress includimggnhenstruation bleeding and duration index (MBbienstruation-
related symptoms (MsRS) in relation to menstruallesassociated symptoms and syndrome (MCAS). Meaitstm distress is
characterized by increased blood loss, longer wuraf menses, cramps, gastro-intestinal and pamptoms, and increased insulin-
like growth factor-1 (IGF-1), plasminogen activaiohibitor (PAI), and haptoglobin (Hp). MCAS is claaterized by depressive,
anxiety, and physiosomatic symptoms as well assbs@elling and appetite changes, and increase®CCCL5 (RANTES), CXCL-

8 (IL-8), CXCL-10 (IP-10) and epidermal growth fac{EGF). Increased CCL5 and lowered levels ofaglédt and progesterone are

features of both MsRS/menstruation distress and BICA
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