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Exploring the role of negative expectations
and emotions in primary dysmenorrhea:
insights from a case-control study
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Abstract

Background Primary dysmenorrhea, characterized by painful menstruation, significantly impacts the quality of life
for women worldwide. Negative expectations and associated emotions are known to trigger nocebo effects and
may also influence cyclic menstrual pain. In this study, we investigated the role of pain expectations and negative
anticipatory emotions as potential contributing factors to hyperalgesia in women with severe menstrual pain,
compared to women with absent or mild menstrual pain.

Methods \We conducted a prospective case-control study in women with severe menstrual pain due to primary
dysmenorrhea, comparing them with age-matched women with absent or mild menstrual pain. Data collection
included the Depression, Anxiety, and Stress Scale (DASS-21) at baseline, as well as daily numeric rating scales

(NRS) to evaluate pain expectations, anticipatory negative emotions, and daily stress during the 10 days preceding
menstruation. Saliva samples were collected to evaluate the Cortisol Awakening Response (CAR) before menstruation,
and pain was assessed during the first 3 days of menstruation.

Results Women with high menstrual pain reported significantly higher DASS-21 anxiety levels compared to low-
pain controls, although still within the normal range (median [IOR], 3 [2; 5] vs. 1 [1; 3], p<.05). In the 10 days preceding
menstruation, the high-pain group expected significantly higher maximum pain levels than controls (median [IQR], 8
[7.3;85] vs. 2.1 [1;3.3], p<.001), which aligned with their actual experiences of maximum pain during menstruation
(6.5[4.8;7.71vs. 1.2 [0.7; 2.3], p<.001). Anticipatory stress (2.1 [0.9; 4.2] vs. 0.2 [0; 0.9], p <.001), anticipatory anxiety (0.7
[0.0; 2.3] vs. 0 [0; 0], p<.001), anticipatory worry (1.3 [0.4; 2.6] vs. 0.1 [0; 0.3], p <.001), and anticipatory anger (0.7 [0; 1.5]
vs. 0[0; 0.2, p<.01) were also significantly higher in the high-pain group in the 10 days before menstruation. The CAR
showed no significant differences between groups in the days before menstruation. Correlational analyses revealed
multiple positive associations between expected pain levels, anticipatory negative emotions, and subsequently
perceived levels of menstrual pain in both groups (all p-values <0.05).

Conclusions This pioneering study supports the hypothesis that cognitive-emotional factors such as heightened
pain anticipation and negative emotions intensify menstrual pain severity in primary dysmenorrhea, although causal
conclusions cannot be drawn from this observational study. Strategies aimed at optimizing expectations could play a
significant role in managing primary dysmenorrhea.
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Background

Dysmenorrhea, defined as painful menstruation, is
a common and often disabling condition. It involves
cramp-like abdominal pain accompanied by symptoms
such as nausea, vomiting, diarrhea, and low back pain [1].
In primary dysmenorrhea, menstrual pain occurs with-
out organic pathology and typically starts within 6-12
months after menarche. The pain usually begins with the
onset of menstruation and lasts between 8 and 72 h. In
secondary dysmenorrhea, the complaints can be traced
back to an identified pathology, such as endometriosis,
starting at any time after menarche [2].

Approximately 75% of adolescent females and 25-50%
of adult women experience menstrual pain [3]. The con-
dition significantly impairs health-related quality of life.
The physical discomfort can disrupt sleep patterns, lead-
ing to fatigue and exhaustion [4]. Dysmenorrhea fre-
quently results in reduced productivity and increased
absenteeism from school or work [5]. In addition, the
chronic nature of dysmenorrhea may lead to feelings of
frustration, irritability, and mood swings, affecting emo-
tional well-being [6-8].

The reasons for the occurrence of menstrual pain in
primary dysmenorrhea are not yet fully understood. A
widely accepted hypothesis involves the overproduction
or imbalance of prostaglandins in the uterus [9, 10]. Due
to the reduction of progesterone in the late luteal phase,
an increased release of prostaglandins occurs, leading to
vasoconstriction and myometrial contraction. The result-
ing ischemia or hypoxia is considered the main cause of
pain in primary dysmenorrhea [11, 12]. In the long term,
peripheral and central sensitization processes may occur,
contributing to heightened pain perception in individu-
als with dysmenorrhea, a phenomenon referred to as vis-
ceral hyperalgesia [4].

Several studies suggest a relationship between primary
dysmenorrhea and emotional distress [13]. Emotional
distress is a recognized risk factor for dysmenorrhea
[14]. Furthermore, negative emotions such as anxiety can
enhance pain, while pain can amplify emotional distress
[4, 15, 16]. But also cognitive factors, such as the expec-
tation of pain, and associated anticipatory anxiety, may
play a role [17]. For example, a recent study identified
anticipatory anxiety as a factor that exacerbates nocebo
hyperalgesia [18]. In the context of medical interven-
tions, such expectation-induced hyperalgesia is referred
to as ‘nocebo effect’ It is reasonable to assume that cyclic
events like menstruation can similarly trigger negative
expectations and anticipatory emotions, such as anxiety,
leading to an expectation-induced exacerbation of pain.
This notion is supported by qualitative studies that report

women with dysmenorrhea experience anxiety regarding
their menstrual pain [6].

Enhancing knowledge about the potential impact of
negative expectations and associated anticipatory nega-
tive emotions on the severity of menstrual pain could
contribute to better understand the complex nature of
dysmenorrhea and its modulation by psychological and
physiological factors. Moreover, this knowledge could
inform the development of complementary treatment
approaches, such as cognitive-behavioral interventions
or mindfulness-based strategies, to manage dysmenor-
rhea by addressing maladaptive pain expectations and
associated emotional distress.

The present study aimed to investigate pain expecta-
tions and anticipatory negative emotions, specifically
anxiety, worry, anger and stress, in women with primary
dysmenorrhea. We investigated women with severe
menstrual pain (high-pain group) and compared them
to women with absent or mild menstrual pain (low-
pain group). We hypothesized that women who typi-
cally experience high menstrual pain would anticipate
more intense menstrual pain and report higher levels of
anticipatory negative emotions (worry, stress, anxiety,
and anger) in the days before menstruation than women
with typically low or absent menstrual pain. Since stress-
related activation of the hypothalamus-pituitary-adre-
nal (HPA) axis has been reported in situations of both
anticipatory anxiety [19] and nocebo hyperalgesia [20],
we additionally tested whether the hypothesized larger
anticipatory stress of women with high menstrual pain
would be associated with an increased cortisol awaken-
ing response (CAR). The CAR has been shown to be sen-
sitive to anticipatory stress and anxiety [19].

Methods

Study design and setting

We conducted a prospective case-control study to inves-
tigate pain expectations and anticipatory negative emo-
tions in 20 women with severe menstrual pain due to
primary dysmenorrhea (high-pain group) compared to 20
age-matched (+ 2 years) women with absent or mild men-
strual pain (low-pain group). Participants were recruited
between April and June 2021. Due to the COVID-19 pan-
demic, all data were collected remotely and by mail. The
manuscript was prepared according to the ‘Strengthening
the Reporting of Observational Studies in Epidemiology’
(STROBE) criteria [21]. The study protocol was approved
by the Ethics Committee of Coburg University (approval
number: HC-Meifiner-20210324). All participants pro-
vided written informed consent.
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Participants
To be eligible for the study, women had to be at least
18 years old, have a regular menstrual cycle of approxi-
mately 26 to 34 days, and possess sufficient proficiency
in the German language to participate in quantitative
surveys and qualitative interviews (qualitative results are
not reported here). Exclusion criteria comprised the use
of hormonal contraceptives in the last 3 months, a diag-
nosis of secondary dysmenorrhea (e.g., caused by endo-
metriosis, adenomyosis), the use of psychotropic drugs, a
diagnosed psychiatric disorder, and current pregnancy or
breastfeeding. Participants in the high-pain group were
required to report a history of severe menstrual pain>6
on a 11-point numerical rating scale (NRS) ranging from
0 (‘no pain’) to 10 (‘worst imaginable pain’) [22] during
the last 3 menstrual cycles. This was assessed by asking
the question: ‘How would you rate your menstrual pain
over the last 3 periods on a scale from 0 to 10?’ [adapted
from 23]. Participants in the low-pain group had to
report a history of absent or mild menstrual pain<3 on
the same 11-point NRS [24, 25] during the last 3 men-
strual cycles. Women with mild menstrual pain have
been shown to display almost no daily pain-related
restrictions during menstruation [26] and were therefore
considered suitable as a control group for this study.
Recruitment took place via the student portal of
Coburg University, through messenger services like
WhatsApp, as well as through word-of-mouth. Poten-
tial study participants were asked to contact one of the
authors (VT) and were sent participant information
about the study as well as a consent form. During a tele-
phone appointment, potential questions were answered,
women were screened for inclusion and exclusion cri-
teria, and sociodemographic and medical data were
collected to determine study eligibility, as well as cycle
length and the severity of dysmenorrhea.

Procedure

After enrollment, participants were mailed Salivette©
tubes (Sarstedt, Niimbrecht, Germany) along with a pre-
paid return package for collecting and sending back the
cortisol samples to Coburg University. Additionally, par-
ticipants received detailed instructions on saliva sampling
and storing as well as data collection in the online diary.
Participants were instructed to record the collection time
on the saliva tubes, and the timestamps were checked
for consistency, indicating good adherence to the proto-
col. The questionnaires were administered online using
QuestorPro software (version 5.1.1, Blubbsoft GmbH,
Berlin). Data collection commenced 12 days prior to
the expected onset of menstruation, based on individual
menstrual cycle data, and concluded on the third day
of the following menstruation period. The evaluation
started with the assessment of the German version of the
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Depression, Anxiety, and Stress Scale (DASS-21) [27].
On the same and subsequent days until the onset of men-
struation, participants were asked to rate expected men-
strual pain, anticipatory negative emotions, and overall
stress levels using an online diary. Each morning until
the onset of menstruation, participants collected saliva
samples to assess the CAR and were instructed to store
the samples in the refrigerator until mailing them back
to Coburg University. After menstruation onset, partici-
pants rated menstrual pain during the first 3 evenings
and were asked to note the use of any pain medication.

DASS-21

The DASS-21 [27] is a validated questionnaire to assess
negative emotional states over the past week. It com-
prises 21 items rated on a 4-point Likert scale, rang-
ing from 0 (‘does not apply to me at all’) to 3 (‘applies to
me very much, or most of the time’). The 21 items are
grouped into 3 subscales (depression, anxiety, and stress),
with higher scores indicating more severe depression,
anxiety, and/or stress.

Daily numeric rating scales (NRS)

Mean and maximum menstrual pain were assessed using
an 11-point NRS, ranging from 0 (‘no pain’) to 10 (‘worst
imaginable pain’). Pain-related disability in daily activi-
ties was evaluated using an 11-point NRS, ranging from
0 (‘not at all’) to 10 (‘to the highest degree’). 11-point NRS
have been recommended as core outcome measures in
chronic pain trials [28] as well as for the assessment of
expectations [29].

Mean and maximum expected menstrual pain for the
upcoming menstruation was assessed using 11-point
NRSs, ranging from 0 (‘no pain’) to 10 (‘worst imaginable
pain’). Expected pain-related disability in daily activities
for the next menstruation was rated using an 11-point
NRS, ranging from 0 (‘not at all’) to 10 (‘to the highest
degree’). Anticipatory negative emotions (stress, anxi-
ety, worry, anger) were evaluated using 11-point NRSs,
with each emotion rated from 0 (‘not at all’) to 10 (‘to
the highest degree’), starting with the question: “To what
extent did the thought of your upcoming period elicit
the following feelings today?. The overall stress level was
assessed using an 11-point NRS, ranging from 0 (‘no
stress at all’) to 10 (‘extremely stressed’).

Cortisol awakening response (CAR)

Participants were instructed to collect 2 cortisol saliva
samples: one immediately upon waking and the other
30 min later. The standard guideline for morning corti-
sol collection recommends 3 samples (0 min, 30 min,
45 min) to measure the highest CAR [30]. However, we
omitted the third sample at 45 min to reduce partici-
pant burden and ensure protocol adherence, given that
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previous research indicated that 2 samples were suffi-
cient to detect the CAR [19]. The Salivette© tubes were
pre-marked with participant numbers, and participants
labeled their samples with the collection times and dates.
Participants were instructed to keep the samples cool
until shipping. The cortisol analysis was performed at the
Institute for Bioanalysis, Coburg University, using a stan-
dard Cortisol Saliva ELISA kit (IBL International GmbH,
Hamburg, Germany), with positive controls serving as
reference values. The ELISA was performed in duplicate
for each sample, and the average of the 2 values was used
for data analysis. The increase in CAR was calculated by
subtracting the cortisol levels at awakening from the lev-
els 30 min after awakening, with a higher increase indi-
cating greater HPA axis activity [19].

Statistical analysis

The sample size was defined a priori, without a formal
sample size calculation. Given the exploratory nature
of this study, this approach aligns with its objective of
identifying potential patterns and generating hypoth-
eses for future research. Diary assessments and the CAR
were analyzed for the last 10 days before menstruation,
as these data were complete for most of the participants.
Since only 1.3% of the diary entries and 1% of the corti-
sol data were missing, average values from the remaining
recorded days of individual participants were used in the
statistical analyses. Group comparisons for the NRS rat-
ings were performed using Mann-Whitney U-tests due
to violations of the normality assumption, whereas the
group differences for the CAR were normally distributed
and evaluated using Student’s t-test. Group differences
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for categorical variables were evaluated using Fisher’s
exact test. Spearman’s rho coefficients were calculated to
evaluate bivariate correlations between the variables. The
level of significance was set at 0.05 (2-sided). No adjust-
ments for multiple comparisons were applied due to the
exploratory nature of the study.

Results

Sample

Of the 98 women who contacted the study center, 69
expressed interest in participating and were screened for
inclusion and exclusion criteria. Between April and June
2021, 41 women were recruited and started data collec-
tion. One woman had to be excluded because her men-
struation started just one day after data collection began.
Therefore, a total of 20 women with high menstrual pain
and 20 age-matched women with low menstrual pain
(mean age, 23.9+2.7 SD years; range, 19—30 years) com-
pleted the study. 1.3% of the diary entries and 1% of the
cortisol data were missing. Specifically, 2 women began
their diary entries only 9 days before menstruation, while
2 others started 8 days before. One participant did not
complete diary entries on the 2nd day before menstrua-
tion. Additionally, 3 women started collecting cortisol
samples only 9 days before menstruation, while 1 par-
ticipant failed to collect cortisol samples on the 5th day
before menstruation. 15 out of 20 women with high men-
strual pain reported using pain medication (mostly non-
steroidal anti-inflammatory drugs) during the first 3 days
of menstruation (1 day: n=6, 2 days: #=9). In contrast,
2 out of 20 women with low menstrual pain used pain
medication on one day.

Table 1 Sociodemographic and clinical characteristics by study group

Severe menstrual pain (n=20) Mild menstrual pain (n=20) p-value'
Age, median [IQR] 24 [22;25.8] 23 [22;26] 0.763
Highest education level, n (%) 0.127
Intermediate school 1(5) 0
High school 17 (85) 13 (65)
Bachelor's degree 2 (10) 7 (35)
Occupation, n (%) 0.605
Student 19 (95) 17 (85)
Employee 1(5) 2 (10)
None 0 1(5)
Relationship, n (%) 1
Single 3(15) 4(20)
In relationship/ married 17 (85) 16 (80)
Menstrual pain (last 3 months), 77-point NRS, median (IQR) 7.517:8] 1.801.1;24] <0.001
DASS-21, median (IQR)
Depression 361(1.3;7] 25101;63] 0.269
Anxiety 3[2;5] 11[1;3] 0.014
Stress 6[3;10.8] 3[2;85] 0.149

'determined by Mann-Whitney U-test and Fisher’s exact test, as appropriate
Abbreviations: IQR, interquartile range; NRS, Numeric rating scale
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No group differences in sociodemographic character-
istics were observed (Table 1). DASS-21 anxiety levels
were significantly higher in women with high menstrual
pain compared to those with low menstrual pain, albeit
still within the normal range, while DASS-21 depres-
sion and stress scores did not differ between groups and
remained low (Table 1).

Expected and perceived menstrual pain

Over the 10 days preceding menstruation, women with
high menstrual pain expected significantly higher mean
and maximum pain levels, and greater pain-related dis-
ability, for the upcoming menstruation compared to
women with low menstrual pain (Table 2). Both mean
and maximum pain levels, as well as pain disability dur-
ing menstruation, were higher in the high-pain group
than in the low-pain group (Table 2). Figure 1 illustrates
the expected and actual levels of menstrual pain in both
groups. The expected levels of menstrual pain were
closely aligned with the peak levels of menstrual pain and
pain-related disability.

Anticipatory negative emotions

Over the 10 days preceding menstruation, anticipatory
stress, anxiety, worry, and anger levels were higher in
high-pain group compared to the low-pain group. Partic-
ularly in the high-pain group, anticipatory negative emo-
tions increased toward the onset of menses (Fig. 2A-D;

Table 2 Group differences of outcome variables
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Table 2). Considering this increase, we calculated the
average levels of anticipatory emotions across both the
last 10 days and the last 3 days preceding menstruation.
Across both time periods and for all anticipatory emo-
tional ratings, women in the high-pain group anticipated
significantly higher emotional distress than those in the
low-pain control group (Table 2).

Daily stress levels
Daily stress levels, averaged across the last 10 and last 3
days before menstruation, were significantly higher in the
high-pain group compared to the low-pain control group
(Table 2; Fig. 2E).

CAR

The CAR fluctuated before menstruation in both study
groups (Fig. 2F). Average values across the last 10 and the
last 3 days before menstruation did not differ between
the high-pain and the low-pain groups (Table 2).

Explorative correlational analyses

Exploratory bivariate correlations are presented sepa-
rately for the high-pain and the low-pain groups in
Tables 3 and 4, respectively. In the high-pain group,
the peak levels of mean and maximum menstrual pain
and pain-related disability during the first 3 menstrua-
tion days exhibited multiple positive associations with
expected pain levels and anticipatory negative emotions

High-pain group Low-pain p-value High-pain group Low-pain  p-
(n=20) group (n=20) group value
(n=20) (n=20)
Menstrual pain, median [IQR] Menstrual averages (days 1-3) Menstrual peaks (days 1-3)
Mean pain 4.7 [3.1,6.2] 0.7 [0; 1] <0.001 6.5[5;7] 11[0; 2] <0.001
Maximum 6.5 [4.8;7.7] 12[07;23] <0001 818, 9] 2[1;3.8] <0001
pain
Pain 43[25;523] 0.5[0;09] <0001 6[4.3;8] 100;1] <0001
disability
Pain expectation, median [IQR] Pre-Menstruation averages (10 days) Pre-Menstruation averages (3 days)
Mean pain 6.8[5.7,7.2] 110;1.3] <0.001 6.5[6;7.8] 11[0; 1] <0.001
Maximum pain 8 [7.3; 8.5] 2.1101;33] <0.001 8[74;88] 21[1;3] <0.001
Pain disability ~ 6.6[5.3;7.2] 110;1.5] <0.001 6.7 [5.3;7.8] 110;1.3] <0.001
Anticipatory emotions, median [IQR] Pre-Menstruation averages (10 days) Pre-Menstruation averages (3 days)
Stress 2.1[09;4.2] 0.2 [0;09] <0.001 33[1.5;5.7] 0[0;1.2] <0.001
Anxiety 0.7 [0.0; 2.3] 01[0; 0] <0.001 0.81[0;4.3] 010; 0] 0.006
Worry 1.3[04; 2.6] 0.11[0;0.3] <0.001 21[05;4.9] 0.3 [0; 0.6] <0.001
Anger 0.7 [0; 1.5] 01[0;0.2] 0.003 1.3[0;3.7] 01[0;0] <0.001
Stress measures Pre-Menstruation averages (10 days) Pre-Menstruation averages (3 days)
General 4.2(2.7,4.7] 29[1.1;33] 0.007 431[2.7;5.3] 2.7[13;36] 0.023
stress level,
median
[IQR]
CAR,mean  0.17[0.12;0.22] 0.15[0.04; 0.883 0.20[0.12;0.28] 0.16[0.03;  0.609
[95% Cl] 0.27] 0.29]

Abbreviations: DASS, Depression, Anxiety, and Stress Scale; IQR, interquartile range; CAR, cortisol awakening response; Cl, confidence interval
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during the last 3 days before menstruation. Similar trends
were observed in the low-pain control group. Figure 3
illustrates the correlations between peak levels of mean
menstrual pain and (A) expected mean pain, (B) anticipa-
tory stress, and (C) anticipatory worry for both groups.
The CAR was not correlated with the other variables in
any group.

Discussion

This prospective case-control study revealed that women
with severe menstrual pain exhibited higher levels of
expectations of pain and anticipatory negative emotions
compared with women with no or mild menstrual pain.
Expectation levels remained fairly stable in the 10 days
before menstruation. In contrast, menstruation-related
anticipatory emotions intensified particularly in the high-
pain group as the onset of menstruation approached.

Our findings of high anticipatory stress and anxiety in
women with severe menstrual pain corroborate previ-
ous qualitative studies suggesting that women develop
a fear of impending menstrual pain [6, 7]. Moreover,
women with severe dysmenorrhea in our study exhibited
increased anticipatory anger and worry as menstruation
approached, which complements other studies point-
ing out women’s frustration with the unpredictability of
planned activities and the limitations they experience
during menstruation [6, 8].

Nocebo hyperalgesia, induced by negative expecta-
tions, is closely linked to anticipatory stress and anxiety
[17, 31]. The anticipation of pain is known to trigger state
anxiety, which in turn facilitates pain perception through
cholecystokinergic mechanisms [32]. Therefore, the high
expectations of menstrual pain in women with severe pri-
mary dysmenorrhea, accompanied by anticipatory stress
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Table 3 Spearman’s Rho correlation coefficients between actual pain (peak values during menstruation days 1-3) and pre-
menstruation 3-day averages of anticipated pain, anticipatory emotions, general stress, and the cortisol awakening response (CAR) in

*

the high-pain group (n=20). " 'p<.001; “p<.01; p<.05

Mean Maximum  Menstru- Expected Expected  Expected Antici- Antici- Antici- Antici- Gen-
menstru- menstrual al pain mean maximum menstrual patory patory patory patory eral
al pain pain (peak) disability menstru- menstrual pain stress anxiety worry anger  stress
(peak) (peak) al pain pain disability

Expected mean 0.66" 0.44 0.45" 1

menstrual pain

Expected maximum ~ 0.52" 0.36 0.15 0.78"™ 1

menstrual pain

Expected menstrual 035 —-0.04 044 0.63" 0.47 1

pain disability

Anticipatory stress  0.54" 042 0.45*% 0.74™ 072" 0.59” 1

Anticipatory anxiety ~ 0.58" 0.55" 0.16 037 0.45" 03 0.56* 1

Anticipatory worry  0.71"" 0.59™ 0.56" 0.56" 0.53" 037 0.74%¥%  0,77%%* 1

Anticipatory anger  0.62" 0.63™ 037 040 042 0.15 0.6***  0.59**  0.69%** |

General stress 0.02 0.0 0.29 0.36 04 0.47" 0.45% -0.01 0.21 0.03 1

CAR 0.12 0.02 032 —-0.11 -0.2 0.09 0.0 -0.37 -0.1 0.1 033

Table 4 Spearman’s Rho correlation coefficients between actual pain (peak values during menstruation days 1-3) and pre-
menstruation 3-day averages of anticipated pain, anticipatory emotions, general stress, and the cortisol awakening response (CAR) in

*

the low-pain group (n=20). " p<.001; "p<.01; p<.05

Mean Maximum Menstrual Expected Expected Expected Antici- Antici- Antici- Antici- Gen-
men- men- paindis- mean maximum men- patory patory patory patory eral
strual pain strual pain ability menstrual menstrual strual pain stress anxiety worry anger stress
(peak) (peak) (peak) pain pain disability

Expected mean  0.88*** 0.81*** 0.86%** 1

menstrual pain

Expected maxi-  0.65%* 0.83*** 0.63** 0.79%**

mum menstrual

pain

Expected 0.67** 0.64** 0.71*** 0.79%** 0.56** 1

menstrual pain

disability

Anticipatory 0.39 043 0.53* 040 0.51* 1

stress

Anticipatory 0.46* 0.49* 0.64** 0.51* 0.47* 0.40 1

anxiety

Anticipatory 0.49*% 044 0.49* 0.53* 0.45*% 0.60** 0.61** 044 1

worry

Anticipatory 0.48* 0.24 0.52* 0.41 0.51* 0.75*** 041 0.47* 1

anger

General stress 032 0.62** 0.46* 0.39 0.49* 037 0.50* 040 0.41 0.07 1

CAR -0.14 -0.39 -0.17 -027 -041 -043 -027 013 0.01 -012 -022

and anxiety, supports the notion that anticipatory mech-
anisms could also contribute to the severity of menstrual
pain. Women suffering from primary dysmenorrhea
typically have a history of menstrual pain [2]. In addition,
individual experiences during the first menstruation can
already be formative, leading to a long-term negative atti-
tude towards menstruation [33]. In addition to negative
pain experiences, pain expectations could also be driven
by negative suggestions from peers and family members
about menstruation, as well as by observing menstrual
pain-related behaviors in others [31].

Considering the recurrent pattern of dysmenorrhea,
the interplay among expectations, anticipatory emotions,
and menstrual pain could create a vicious cycle: Height-
ened expectations of intense pain amplify anticipatory
negative emotions, which in turn, increase the percep-
tion of pain, leading to reinforced negative expectations,
and so on. This process aligns with predictive coding
models, which suggest that the brain actively interprets
sensory input based on prior experiences, potentially
biasing pain perception toward heightened intensity [34].
Similarly, central sensitization mechanisms may contrib-
ute to long-term pain chronification in some individuals,
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as repeated exposure to dysmenorrhea-related pain can
lead to visceral hyperalgesia at a physiological level [35].
These mechanisms highlight how anticipatory processes
might not only influence acute pain perception but also
facilitate the transition from recurrent to chronic pain in
some women, emphasizing the need for early interven-
tions targeting, among other factors, maladaptive pain
expectations.

Several studies have demonstrated that nocebo hyper-
algesia is linked to the activation of the hypothalamus-
pituitary-adrenal (HPA) axis. For instance, the oral
administration of a placebo pill, when accompanied by
verbal suggestions of increased pain, has been shown
to trigger the release of adrenocorticotropic hormone
and cortisol [36]. Likewise, participants with multiple
adverse events after the mere suggestion of side effects
showed an activation of the HPA axis [37]. It is important
to note, however, that activation of the HPA axis is not
consistently reported in the nocebo literature [38]. In the
context of dysmenorrhea, the anticipation of pain accom-
panied by negative emotions could similarly trigger cor-
tisol release. However, our findings did not confirm an
increase in the CAR, a validated measure of anticipa-
tory stress and anxiety [19]. This absence of evidence
may indicate either a true lack of an anticipatory corti-
sol response or reduced reliability due to the use of two
instead of three cortisol measurements, which was cho-
sen to minimize participant burden and ensure protocol
adherence. Although previous research suggests that two
samples are generally sufficient to detect the CAR [19],
the maximum morning increase may have been missed
in some cases, and more rigorous CAR protocols [30]
may vield different results. Additionally, individual vari-
ability in cortisol reactivity could have obscured group-
level patterns, further contributing to the absence of
significant differences. Alternatively, the stress levels
experienced before menstruation might not have been
sufficient to elicit a cortisol response. Furthermore, an
altered CAR may occur only during the first months after
menarche, when the memory of menstrual pain develops.
Once primary dysmenorrhea is established, expectation-
related hyperalgesia may manifest without eliciting a sig-
nificant cortisol response.

An additional finding of our study was that women
with severe menstrual pain exhibited higher levels of
general stress and anxiety compared to participants with
mild or no menstrual pain. This finding is consistent with
previous research indicating increased stress and anxiety
levels in women with primary dysmenorrhea [13]. More-
over, a prior study reported a direct correlation between
overall levels of anxiety and depression and the severity
of dysmenorrhea [39]. Furthermore, evidence suggests
a significant correlation between stress perceived in the
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preceding menstrual cycle and the occurrence of dys-
menorrhea in the following cycle [14].

This study has several potential limitations. First, the
screening question did not specify whether menstrual
pain referred to average or maximum pain, and data col-
lection was limited to a single menstrual cycle. Future
studies should assess pain during a baseline period to
confirm the presence or absence of dysmenorrhea, using
the same pain scales as in the evaluation period, and
consider a longer evaluation period. Second, the study
did not include a gynecological investigation, which was
difficult to conduct during the COVID-19 pandemic.
As a result, the self-reported history of dysmenorrhea
could have been inaccurate, and some participants may
have had undiagnosed secondary dysmenorrhea. Third,
the use of pain medication, primarily by women in the
high-pain group, was not prohibited for ethical reasons,
which may have led to an underestimation of dysmenor-
rhea intensity in the present study. Fourth, it should be
noted that the present study design does not allow for
determining causal effects of anticipation. The effects of
past experiences, potential pain chronification processes,
and current anticipatory effects cannot be clearly distin-
guished in this context. Fifth, the levels of stress and neg-
ative emotions during the COVID-19 pandemic may not
have been representative in either group. While stress
levels in young people were generally elevated during this
time [40], women with dysmenorrhea may have experi-
enced less stress than usual, as reduced opportunities for
social activities and the shift to home office likely allevi-
ated the stress associated with pain-related absenteeism
from schools and universities [5, 41, 42], a point further
confirmed in our interviews. Sixth, the generalizability of
the study may be limited due to the predominant inclu-
sion of students, resulting in socioeconomic and educa-
tional homogeneity within the sample. Future studies
should employ more diverse recruitment strategies to
enhance sample representativeness. Seventh, the increase
of anticipatory emotions in women with severe dys-
menorrhea before menstruation could partially be due
to premenstrual syndrome (PMS), which is associated
with affective symptoms such as anger and anxiety [43]
but has not been assessed in the present study. Eighth,
we did not measure levels of progesterone and estradiol
as potential modulators of mood and emotions during
the menstrual cycle [44]. Finally, it is important to note
that expectation-related influences may also be present
in individuals in the control group with mild menstrual
pain, even though mild dysmenorrhea typically does not
result in daily restrictions [26]. Future case-control stud-
ies should consider including control groups without any
menstrual pain.
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Conclusions

To our knowledge, this is the first study to explore the
potential role of expectation-related processes in partici-
pants with menstrual pain. We identified several parallels
between nocebo effects and menstruation-related antici-
patory cognitions and emotions. In particular, menstrual
pain was preceded by elevated expectations of pain and
a marked increase in anticipatory stress and anxiety as
menstruation approached. These observations lend sup-
port to the hypothesis that menstrual pain in women
with severe dysmenorrhea may be enhanced by expecta-
tion-related mechanisms. However, given the exploratory
nature of the study and the small student sample, these
findings should be interpreted with caution.

Beyond conventional treatments such as painkill-
ers and hormonal medications, current approaches for
women with primary dysmenorrhea include, for example,
the application of heat [45], acupuncture [46], and physi-
cal activity [5]. Our results suggest that treatment strate-
gies to optimize pain-related expectations and associated
emotions could also be considered. Expectation manage-
ment strategies [47] and the use of open-label placebos
[48] could help reframe anticipatory pain beliefs, while
cognitive behavioral therapy (CBT) has been shown to be
effective in reducing pain-related distress and maladap-
tive cognitions [49]. Similarly, mindfulness-based stress
reduction and other relaxation techniques can support
emotional regulation and reduce stress reactivity [50],
which in turn could help mitigate the impact of anticipa-
tory emotions on pain perception.

Prospective cohort studies could provide valuable
insights into the development of menstrual pain in the
year after menarche. Additionally, experimental studies
manipulating expectations and emotional states could
help disentangle causal mechanisms underlying these
associations. Incorporating biological markers, such as
stress hormone responses or neuroimaging techniques,
may further elucidate the physiological pathways linking
anticipatory emotions with menstrual pain, ultimately
contributing to a more comprehensive understanding of
pain modulation in dysmenorrhea.
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