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Abstract

Oxytocin-dependent mechanisms are hypothesized to contribute to painful menses, but clinical trials of oxytocin antagonists for
dysmenorrhea have had divergent outcomes. In contrast, broader studies have shown that increased systemic oxytocin concen-
trations are associated with increased pain tolerance and improved psychosocial function. We sought to confirm whether
increased serum oxytocin concentrations are associated with menstrual pain and other psychosocial factors. Women with a
history of primary dysmenorrhea (n = 19), secondary dysmenorrhea (n = 12), and healthy controls (n = 15) completed pain and
psychosocial questionnaires, provided a medical history, and rated their pain during the first 48 h of menses. Serum samples were
collected during menses to measure oxytocin concentrations. Oxytocin was significantly lower in participants with a history of
primary (704 + 33 pg/mL; p < 0.001) or secondary (711 + 66 pg/mL; p < 0.01) dysmenorrhea compared to healthy controls (967

+ 53 pg/mL). Menstrual pain over the past 3 months (r=—0.58; p <0.001) and during the study visit (»=—-0.45; p =0.002) was
negatively correlated with oxytocin concentrations. Pain catastrophizing (»=—0.39), pain behavior (» =—0.32), and pain inter-
ference (r=—0.31) were also negatively correlated with oxytocin levels (p’s < 0.05). Oxytocin was not significantly correlated
with psychosocial factors. Contrary to our hypothesis, women with a history of primary or secondary dysmenorrhea had lower
oxytocin concentrations during menses when compared to healthy controls. Lower circulating oxytocin concentrations were also
associated with worse menstrual pain and pain-related behavior. When considering the existing literature, low circulating
oxytocin may be a sign of dysfunctional endogenous pain modulation.
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Introduction hormone acts as a potent uterotonic agent, oxytocin’s role in
menstrual pain is disputed. Numerous studies document that
Oxytocin is well-known for its critical role in social bonding, = serum oxytocin concentrations increase before labor and stim-

lactation, and parturition (for review see [1]). Although the  ulate uterine contractility during pregnancy (for review see
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[2]). Oxytocin is also capable of stimulating uterine contrac-
tility in nonpregnant women [3]. Given that uterine contrac-
tions are posited to be responsible for cramping pain [4], an
oxytocin-dependent mechanism could drive menstrual pain in
women with dysmenorrhea.

In the last decade, only one small pilot study reported that
dysmenorrheic women have higher plasma oxytocin concen-
trations at the start of menses when compared to eumenorrheic
women [5]. The authors suggest that high oxytocin in plasma
may be due to low oxytocin receptor expression previously
observed in the endometrium of dysmenorrheic women [6]. In
other pain conditions, however, oxytocin appears to have a
differing role. Other clinical pain studies reported that higher
endogenous serum oxytocin concentrations were associated
with increased pain tolerance [7—9]. Determining if circulating
oxytocin mediates dysmenorrhea would improve our patho-
physiological understanding of this condition and help deter-
mine if oxytocin-based therapies would be useful. For exam-
ple, earlier work suggested that the oxytocin receptor antago-
nist, atosiban, could alleviate menstrual pain [10], but a sub-
sequent trial failed [11].

Consistent with oxytocin’s established role in uterine con-
tractility and Liedman’s findings, we hypothesized that serum
oxytocin concentrations would be higher in dysmenorrheic
women and would be associated with greater menstrual pain.
To test this hypothesis, dysmenorrheic participants and
healthy controls rated their menstrual pain and provided blood
samples to measure serum concentrations. To establish wheth-
er circulating oxytocin is associated with menstrual pain due
to structural causes, we also studied women with secondary
dysmenorrhea. Given the neuropeptide’s importance in social
behavior [12], we also evaluated the association between oxy-
tocin and psychosocial variables.

Materials and Methods
Participant Recruitment

The data in this manuscript is combined from two separate
studies that similarly collect blood during menses, but focused
on MRI results [4] or abdominal EMG activity [13].
Participants with dysmenorrhea and healthy controls (ages
18-45) were prospectively recruited from physician referral
or from local advertisements during the abdominal EMG
study between January 2015 and February 2017 and between
October 2017 and August 2018, during MRI study. The
NorthShore Institutional Review Board approved both of
these HIPAA-compliant studies. In both studies, MRI or ul-
trasonography (US) was used to investigate the mechanisms
underlying dysmenorrhea.

Participants with dysmenorrhea were required to have
menstrual pain of a 4 or higher on a numeric rating scale

(NRS; 0: “no pain at all” to 10: “worst pain imaginable”
[14]) when not taking analgesics. Healthy controls were re-
quired to have menstrual pain of 3 or less on an NRS without
medication. The level of menstrual pain for both groups was
confirmed with a daily diary as described below. Exclusion
criteria for the study included a history of pelvic or abdominal
malignancies, irregular menses, a pregnancy within prior
6 months, breastfeeding, an active genitourinary infection in
the previous 4 weeks, body mass index > 40, an unwillingness
to stop taking NSAIDs 8—12 h before the start of the study
visit, a reluctance to have a withdrawal bleed on continuous
oral contraceptives, an inability to read/comprehend a consent
form in English, or having a known standard MRI
contraindication.

All participants were scheduled for a menses and a non-
menses visit. In between these visits, participants were asked
to report their menstrual pain using the NRS via online men-
strual diaries [15].

Assessment Visit

Participants were scheduled for a visit during the first 48 h of
menstrual bleeding (menses) and again during the peri-
ovulatory phase of their menstrual cycle (non-menses).
Participants were instructed to abstain from taking short-
acting analgesic medications at least 8 h before the visit, or
12 h for longer acting analgesics. The data presented here was
collected during the menses visit.

Upon arrival, participants gave their written informed con-
sent and were asked to rate their baseline and maximum men-
strual pain using an NRS scale before the MRI/US. Baseline
pain referred to the average intensity of pain the participant
experienced in the last 20 min, while maximum menstrual
pain referred to the highest intensity of pain experienced in
the same timeframe. In this study, we used maximum men-
strual pain as the primary measure of menstrual pain at the
visit. After the MRI/US scan, participants filled out question-
naires to obtain complete medical, surgical, psychological,
gynecological, and obstetrical history. Included in these mea-
sures was a self-rating of menstrual pain over the past 3 months
with and without analgesics on a 0—100 mm visual analog
scale (VAS). We verified that participants reporting a history
of endometriosis had prior surgical confirmation via their
medical records or their medical history questionnaire.
Additionally, other potential contributing anatomical factors
(e.g., adenomyosis and leiomyoma) were confirmed in partic-
ipants that underwent MRI.

Blood Collection and Serum Retrieval
Blood samples were collected during the first 48 h of menses

by a research nurse using BD Vacutainer serum tubes (BD and
Co., Franklin Lakes, NJ) and stayed at room temperature for

@ Springer



670

Reprod. Sci. (2020) 27:668-674

30-60 min to allow the blood to clot. Blood samples were then
centrifuged at 3000x g for 5—10 min at 0 °C to retrieve the
serum supernatant. The serum was immediately transferred
into cryogenic vials (Corning Inc., Corning NY) and stored
at —20 °C until needed.

Serum Oxytocin Quantification

Serum oxytocin was measured using the validated enzyme-
linked immunosorbent assay [16-18] (Enzo Life Sciences,
Inc., Farmingdale NY). Serum samples were diluted 1:8 and
analyzed in duplicate per manufacturer’s protocols. Samples
were excluded if their coefficients of variance were greater
than 20%. Oxytocin concentrations from all participants
ranged from 434 pg/mL to 1324 pg/mL, with a mean of 788
+31 pg/mL. Inter- and intra-assay coefficients of variation
were 9.6% and 2.0%, respectively.

Statistical Analyses

A post hoc power analysis (o« = 0.05) confirmed we had a 99%
power for evaluating the significance of serum oxytocin dif-
ferences between healthy controls (n =15) and women with
primary (n=19) or secondary (n=12) dysmenorrhea. The
primary outcome (serum oxytocin concentration) was
assessed for normality using the Shapiro-Wilk test. Student’s
t-tests were used to determine group differences in clinical
profiles for the following variables: VAS for pelvic/bowel/
urinary pain, demographic characteristics, Genitourinary
Pain Index [19], menstrual pain (NRS and VAS), Pain
Catastrophizing Scale [20], PROMIS [21] measures (anxiety,
depression, pain behavior, pain interference, social satisfac-
tion) and oxytocin. A one-way ANOVA was used to deter-
mine group differences in serum oxytocin concentrations
based on race. Pearson correlation coefficients were calculated
to compare oxytocin to age, BMI, menstrual pain (NRS and
VAS), Pain Catastrophizing Scale, and PROMIS measures.
Partial correlation coefficients were calculated to compare
oxytocin to menstrual pain at the visit or menstrual pain over
the past 3 months while accounting for depression as a poten-
tial confounder.

Results

Age, BMI, race, and education did not differ between healthy
controls, participants with a history of primary dysmenorrhea
(Dys), or participants with confirmed secondary dysmenor-
rhea (Dys-S) (Table 1). As expected, dysmenorrheic partici-
pants collectively reported greater menstrual pain and corre-
sponding absenteeism (p’s < 0.001) when compared to healthy
controls. A detailed comparison within the clinical pain char-
acteristics (Tables 2 and 3) showed that Dys-S participants
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reported greater Genitourinary Pain Index scores (p <0.01)
and greater pain interference (p < 0.01) than Dys participants.
This is consistent with what would be expected in a secondary
dysmenorrheic cohort.

At the time of the study visit, we confirmed that Dys (5.6 =
0.5, NRS) and Dys-S (6.6 + 0.5) participants continued to ex-
perience greater menstrual pain while healthy controls were
pain free (0£0, p’s <0.001). Circulating blood samples col-
lected during menses were used to compare serum oxytocin
concentrations between the three groups (Fig. 1). When com-
pared to healthy controls (966 = 55 pg/mL), Dys (704 =33 pg/
mL) and Dys-S participants (711 + 66 pg/mL) had significant-
ly lower oxytocin concentrations (p’s <0.01). We also con-
ducted post hoc sensitivity analyses to determine if age,
BMI, or race were potential cofounders. Pearson correlation
analyses demonstrated that age (r=0.22, p =0.143) and BMI
(r=0.05, p=0.729) were not significantly associated with
serum oxytocin concentrations. Additionally, there were no
significant differences in serum oxytocin concentrations based
on participant’s race (p = 0.192).

Building on the above findings, we next explored whether
lower serum oxytocin concentrations were associated with
pain-related or potentially confounding psychological vari-
ables (Tables 3 and 4). Lower oxytocin concentrations were
primarily associated with greater menstrual pain reported at
the study visit (r=-0.45; p=0.002) and over the past
3 months (r=—0.58; p < 0.001). Low oxytocin concentrations
were also associated with increased pain catastrophizing (r =
—0.39; p=0.006), increased pain-related behavior (r=-0.32;
p=0.025), and increased pain interference (r=-0.31; p=
0.033). Interestingly, serum oxytocin concentration was only
marginally correlated with depression (r=-0.28; p=0.052)
and not significantly correlated with anxiety (r=—0.21; p=
0.157) or social satisfaction (r=0.22; p =0.142). When con-
sidering depression as a potential confounder, menstrual pain
reported at the study visit (r=-0.38; p =0.009) and over the
past 3 months (r=-0.54; p <0.001) remained significantly
correlated with serum oxytocin concentrations. Therefore, se-
rum oxytocin’s association with dysmenorrhea status is not
likely confounded by depression (Table 4).

Comment

Our results show that, unexpectedly, women with a history of
primary or secondary dysmenorrhea have lower serum oxyto-
cin concentrations when compared to eumenorrheic women.
Our results also show that oxytocin is more closely associated
with pain intensity. Despite group differences between the
dysmenorrheic cohorts and healthy controls, depression, anx-
iety, and social satisfaction were not associated with serum
oxytocin concentrations.

Our results differ from those of Liedman and colleagues
[5], who reported higher plasma oxytocin concentrations in
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Table 1 Participants’
demographic characteristics HC Dys Dys-S
(n=15) (n=19) n=12)
Age 28+2 23+1 32+2
BMI 22+1 22+1 261
Race/ethnicity
White 9 (60%) 14 (74%) 10 (83%)
African-American 2 (13%) 2 (11%) 2 (7%)
Other 4 (27%) 3 (15%) 0 (0%)
Absenteeism (days / 3 months) 0+0 1 1% 6+ 1w #
In the past 3 months
Maximum menstrual pain without NSAIDs 7+2 T3 £ 4xx* 73 £ 5%**
(0-100)
Maximum menstrual pain with NSAIDs 3+1 31 £ 4k 56+ g #
(0-100)
From menstrual diaries
Average menstrual pain (0-10) 0.7+0.3 2.6 +0.3%%* 424050 #
Maximum menstrual pain (0-10) 12+0.6 5.8£0.6%** 7.3 £0.5%%*

Abbreviations: HC =healthy control; Dys = primary dysmenorrhea; Dys-S = secondary dysmenorrhea; BMI =
body mass index; NSAID = non-steroidal anti-inflammatory drug. Data is represented as mean+SEM or as
number (percentage). When compared to healthy control group: * =p <0.05, **=<0.01, *** =< 0.001. When
compared to primary dysmenorrhea group: * =p < 0.05

dysmenorrheic women than healthy controls. They used ex-
tracted plasma samples and radioimmunoassays. With this
extraction technique, the vast majority of oxytocin, which is
protein-bound, will be excluded [22]. Although a gold stan-
dard for oxytocin measurement is currently debated, it remains
to be determined whether protein-bound oxytocin is biologi-
cally active. In any case, the bound fraction of oxytocin can
rapidly translate to being functional since the dissociation rate
of oxytocin is 2 s ! [23, 24]. For this study, we used a sensitive
and discriminative assay validated for the use of unextracted
plasma or serum with liquid chromatography and mass spec-
trometry [16] and diluted our samples per the manufacturer’s

Table 2 Clinical pain characteristics distinguishing primary and
secondary dysmenorrheic participants
HC Dys Dys-S
n=15) @=19) n=12)
Diagnosed with:
Endometriosis 00%)  0(0%) 8 (67 ) ##
Leiomyoma 1 (7%) 0 (0%) 4 (33%)
In the past week prior to study visit:
Pelvic pain (0-100) 4+2 50 7HH% 57 4 Gk
Urinary pain (0-100) 10 11 £3%%* 25+ 8%*
Bowel pain (0-100) 4+1 20 £ 5%% 34 £ 9%
Genitourinary pain index  3=+1 10 £2%* 23 & i #H

Abbreviations: HC = healthy control; Dys = primary dysmenorrhea; Dys-
S =secondary dysmenorrhea. Data is represented as mean+ SEM or as
number (percentage). When compared to HC: * =p <0.05, **=<0.01,
##% = < 0,001, When compared to Dys: * =p <0.01, " =<0.001

protocol to avoid matrix interference. Using a similar assay
and methods, Erickson et al. reported that serum oxytocin
concentration increases from 1651+ 121 to 1717127 pg/
mL in breastfeeding mothers following lactation [25]. Given
that this subtle oxytocin increase is associated with the lacta-
tion letdown reflex, we anticipate that our reported group dif-
ference of approximately 250 pg/mL is biologically plausible
and relevant.

With regard to psychosocial factors, our study did not find
strong associations between serum oxytocin and anxiety, de-
pression, or social satisfaction. We expected to detect an asso-
ciation given prior studies have reported correlations between
oxytocin and anxiety [18], depression [26], and social func-
tion [27]. However, those studies drew from populations with

Table 3 Group comparisons of pain and psychosocial variables
HC Dys Dys-S
(n=15) n=19) (n=12)
Pain variables
Pain behavior 47 +2 57 £ 1w 60 + ]
Pain catastrophizing 7+2 16 £ 2%* 16 + 4%
Pain interference 47 +2 57 £ 1#¥* 60 + 2k #H
Psychosocial variables
Anxiety 512 57 £2% 57 £ 2%
Depression 47+2 54 + 2% 53 £ 2%
Social satisfaction 562 51+ 1% 47 & 3%

When compared to HC: *=p <0.05, **=<0.01, ***=<0.001. When
compared to Dys: * =p <0.01
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Fig. 1 During menses, serum oxytocin concentrations are significantly
lower in participants with a history of primary (Dys) or secondary (Dys-S)
dysmenorrhea. Data represented as mean+ SEM. ** =p<0.01, ***
p<0.001

formally diagnosed psychosocial disorders. In contrast, our
use of PROMIS scales quantifies the relative level of anxiety,
depression, and social satisfaction in a cohort primarily char-
acterized by their menstrual pain condition rather than overt
psychosocial dysfunction. A meta-analysis has suggested that
inconsistent study results on circulating oxytocin and depres-
sion could be due to differences in illness phase and comor-
bidities [28]. Pain, a factor correlated with depression [29],
could represent an important confounder often not addressed
in prior studies. Our use of a partial correlation analysis con-
firmed an independent association between menstrual pain
and oxytocin despite dysmenorrheic participants having
worse depression than healthy controls.

Our findings provide additional mechanistic insight as to
why prior studies investigating oxytocin antagonists for the
treatment of primary dysmenorrhea had mixed results. These
studies were based on work demonstrating that high oxytocin
concentrations elicit uterine hypercontractility in humans [3].
One explanation for these mixed results from atosiban [10, 11]
on dysmenorrhea is the use of intrauterine pressure catheters
for measurement; the foreign object’s sensation is not

physiological and may have exacerbated any normal relation-
ship between oxytocin, uterine hypercontractility, and report-
ed pain. Rather, oxytocin may have protective effects such as
increasing uterine perfusion via splanchnic vasodilation [30].
Even during pregnancy, oxytocin elicits hypotension via arte-
rial vasodilation [31]. Considering its protective effects and
that circulating oxytocin concentrations are typically lowest
during menses [32], it is unlikely that elevated oxytocin is a
trigger for dysmenorrhea.

Stepping back from oxytocin’s role in uterine contractility,
its overall association with pain symptoms could reflect a
greater influence of this neuropeptide in pain regulation.
Oxytocin modulates analgesia via a spinal circuit (for review,
see [33]). Preclinical studies have demonstrated that endoge-
nous oxytocin is released from the hypothalamus and
brainstem upon peripheral noxious stimulation and that exog-
enous oxytocin increases pain tolerance [34, 35]. Low circu-
lating oxytocin concentrations have been observed in other
chronic pain conditions. For example, patients with recurrent
abdominal pain [36] have 18% lower plasma oxytocin concen-
trations when compared to healthy controls. Notably, Yang
found that patients with both acute and chronic back pain
had 29% and 69% lower plasma oxytocin concentrations, re-
spectively, than healthy controls [37]. These results are consis-
tent with the hypothesis that oxytocin is analgesic. When con-
sidering these data in the context of the aforementioned work,
low oxytocin concentrations observed in our patients might
reflect unsuspected, shared pain modulatory deficits seen in
these full-blown chronic pain states. Based on this mechanistic
hypothesis, dysmenorrheic women might have pain relief with
acute oxytocin administration. Given its favorable safety pro-
file [38], it would be interesting to see whether oxytocin recep-
tor agonists are effective for menstrual pain in a research trial.

Other clinical studies have demonstrated that both
myometrial oxytocin receptor expression and binding affinity
are increased in adenomyosis [39, 40] and endometriosis [41].
When compared to our findings, increased myometrial recep-
tor concentrations may serve as a compensatory mechanism

Table 4 Association between

serum oxytocin, pain, and Pearson r P value
psychosocial variables
Pain variables
Maximal menstrual pain (at the study visit) —0.45 0.002
Menstrual pain without NSAIDs (in the past 3 months) —0.58 <0.001
Pain behavior -0.32 0.025
Pain catastrophizing -0.39 0.006
Pain interference -0.31 0.033
Psychosocial variables
Anxiety -0.21 0.157
Depression —-0.28 0.052
Social satisfaction 0.22 0.142

Boldface type indicates statistical significance
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induced by acute or chronic reductions in oxytocin.
Conversely, increased myometrial oxytocin receptor activity
could be mediated by uterine-derived oxytocin concentrations
that may not be reflected in circulation [42]. To tease apart this
mechanism, circulating oxytocin, uterine oxytocin, and uter-
ine oxytocin receptor expression would need to be quantified
and compared during menses.

In this study, blood samples were collected exclusively
during menses. Subsequent studies continuing to examine cir-
culating oxytocin in dysmenorrhea should consider collecting
plasma or serum sampled during non-menses or across the
menstrual cycle. This comparison would further inform how
oxytocin mechanistically contributes to menstrual pain. For
example, if circulating oxytocin concentrations in dysmenor-
rheic women were consistently low throughout the menstrual
cycle when compared to healthy controls, it would further
suggest that dysmenorrhea is associated with dysfunctional
endogenous pain modulation.

The strengths of this study are the careful characterization
of pain in both primary and secondary dysmenorrhea and the
use of correlation analysis with validated questionnaires to
account for confounding by psychosocial factors. The study
is limited by its sample size, the collection of serum samples
without regard to fasting or time of day, and the inclusion of
serum samples collected only in the menses phase. Although it
was not possible to rule out occult endometriosis among par-
ticipants with primary dysmenorrhea, the simultaneous acqui-
sition of uterine imaging suggested that there were not any
obvious anatomical factors within this subgroup. Future stud-
ies should also explore whether women with endometriosis,
leiomyoma, or adenomyosis who do not experience dysmen-
orrhea have altered oxytocin concentrations.

Unexpectedly, our study found that women with a history of
primary or secondary dysmenorrhea had lower serum oxytocin
concentrations during menses when compared to eumenorrheic
women. When considered alongside the existing literature, our
findings suggest that low circulating oxytocin could be a sign of
dysfunctional endogenous pain regulation.
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