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Abstract

Purpose The discourse around menstrual cycles is often pathologized, potentially reinforcing negative perceptions of men-
struation. The extent to which individuals have internalized the idea that bodily and social experiences before menstruation
are the manifestation of ill-health, thereby biasing reports of premenstrual experiences towards negative emotions, remains
unclear.

Methods Using an online experimental design, we investigate whether phrasing the premenstrual experience as having both
negative and positive dimensions would enable individuals to report more diverse and positive experiences than are reported
in the absence of specific emotional prompts. Participants were recruited using a period tracker app and randomly allocated
to one of three conditions: control (describe your premenstrual experience); treatment 1 (describe your negative and positive
premenstrual experience); treatment 2 (describe your posititive and negative premenstrual experience). Sentiment analysis
was used to derive polarity scores, and a two-part Bayesian model assessed the impact of phrasing order.

Results Among 2,637 participants, responses skewed negatively (mean -0.25). Compared to the control, treatment condi-
tions 1 and 2 reported premenstrual experiences 64% and 62% less negative, respectively. Positive themes, notably ‘sex,
libido, and energy’emerged. The absence of positive prompts in questioning led to more negative and less diverse reports.
Conclusions These findings support existing literature on the predominance of negative premenstrual phases and underline
the need to broaden measurements to encompass positive symptoms. The study also pioneers the use of text analysis for
investigating premenstrual symptoms.

Article Highlights

e Large Sample Size: We use data from 2638 English-speaking women recruited through the Clue period tracker app; this
study represents the largest of its kind, providing valuable insights into the premenstrual experience.

e Negative Reporting Bias: We find a default tendency among women not to report positive premenstrual experiences unless
specifically prompted, suggesting the influence of language and social constructs on how menstruation is described.

e Impact on Measurement Approaches: By challenging the prevailing notion of exclusively negative premenstrual experi-
ences, the study calls for a re-evaluation of measurement approaches in women's health research, advocating for a more
balanced perspective.

e Innovative Text Analysis: Our application of text analysis to capture both positive and negative polarity in women's accounts
of the premenstrual experience opens up new avenues for understanding and characterizing women's health, paving the way
for future research in the field.
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Introduction

The premenstrual phase is usually portrayed in medical dis-
course and educational contexts as being associated with a
state of ill-health (Walker et al. 1998; Heard et al. 1999; Chan-
dra and Chandra 1989), which has been argued to influence
women’s expectations of their menstrual cycle and bias reports
of the premenstrual phase towards a negative experience. This
phenomenon is thought to arise from the medicalization of the
female body in Western biomedicine (Rose 1994), whereby
normal reproductive processes are redefined as diseases, as
is observed when the premenstrual phase becomes synony-
mous with premenstrual syndrome (PMS). While PMS has
been linked to various biological mechanisms and is possibly
driven by cyclical inflammation changes during the menstrual
cycle (Puder et al. 2006; Bertone-Johnson et al. 2014; Bertone-
Johnson 2016; Alvergne and Hogqvist Tabor 2018; Mattina
et al. 2019), the extent to which people have internalized the
premenstrual phase as a syndrome, i.e., an experience per-
ceived as more negative than it actually is, remains unclear.
This paper aims to address this gap by using text analysis to
compare the emotional valence and diversity of premenstrual
reports in the absence and presence of emotional prompts.
PMS, the physical or mood changes in the 5 days before
a period starts (Winer and Rapkin 2006), affects approxi-
mately 48% of fertile women worldwide according to the
American College of Obstetricians and Gynecologists
(American College of Obstetricians and Gynecologists
2015; 2023). Other studies put this figure closer to 91%
(Tschudin, Bertea, and Zemp 2010). For some, PMS can
be debilitating and can interfere with everyday life, both at
work (Heinemann et al. 2010) and home (Rapkin and Winer
2009). However, beyond bloating, fatigue, headaches, and
mood changes (Direkvand-Moghadam et al. 2014), women
also report positive and potentially healthy correlates, such
as heightened creativity (Campagne and Campagne 2007;
King and Ussher 2013; Martin 1987), an increase in energy
(Halbreich et al. 1982; Altmann, Knowles, and Bull 1941;
Abplanalp, Donnelly, and Rose 1979; Alagna and Hamilton
1986), increased libido (Halbreich et al. 1982), and describ-
ing feeling “on top of the world” (Woods et al. 1992). Pre-
menstrual health is assessed through questionnaires primar-
ily measuring the negative symptoms of the premenstrual
phase (Knaapen and Weisz 2008; Romans et al. 2012).
These psychometric tools, of which up to 60 are available,
have been criticized for assuming that women’s reproduc-
tive health is solely determined by biology, disregarding
women’s voices and lived experiences (Taylor 2006).
Menstrual-related mood changes may in part stem from
the internalization of a cultural construct linking negative
mood with the premenstrual phase (Clarke and Ruble 1978;
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Olasov and Jackson 1987; Sommer 1973; Parlee 1974).
Completing a menstrual joy questionnaire, rather than a
Menstrual Distress Questionnaire (MDQ), increased wom-
en’s score of positive arousal when considering cycle-related
symptoms (Rose, Chrisler, and Couture 2008). A study of
50 women in the US found that participants could be primed
to adopt more positive perspectives towards menstruation,
regardless of their previous menstrual experiences (Chrisler
et al. 1994). Conversely, a negative bias in questionnaire
items could result in negative responses and potentially con-
tribute to overall negative attitudes. Being aware that a study
is menstrual-related leads to more reports of depressed mood
and fatigue, a result which has been replicated in various
samples (Sommer 1973; Parlee 1974; Aubuchon and Cal-
houn 1985). An American study involving 112 women not
using hormonal contraception found that using short lectures
to modify negative menstrual and premenstrual phase expec-
tancies (to increase or decrease negative expectations) suc-
ceeded in altering negative expectancies up to 40 days after
the study (Olasov and Jackson 1987). In the study, women
shown a video describing a connection between the men-
strual cycle and low mood increased their expectations of
negative mood changes and diminished their expectations of
positive changes (Olasov and Jackson 1987). However, stud-
ies that have investigated the influence of question phrasing
on the sentiments associated with PMS reports were typi-
cally conducted on relatively small sample sizes (n < 100)
and did not consider neutral prompts, thus limiting our abil-
ity to infer if and when women have internalized negative
medicalized views of PMS in the absence of any specific
prompt (i.e., by default).

Here, we aimed to evaluate whether women who menstru-
ate have internalized overly negative perceptions of their
premenstrual phase through analyzing textual reports of the
premenstrual experience. We used an online experiment
to manipulate question phrasing (neutral vs. emotionally
polarized). We compared premenstrual testimonies across
experimental conditions for their polarity (a measure of how
positive and/or negative text is), emotional intensity (i.e., the
magnitude of polarity), and textual diversity.

Materials and Methods
Recruitment

This study received ethical approval from the Research Eth-
ics Committee of the School of Anthropology and Museum
Ethnography (SAME_C1A_19_07). Participants were
recruited through push notifications to 30,000 randomly
selected users of the period-tracker app Clue (‘Clue.” 2017)
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whose app language was set to English. The survey was
hosted on Qualtrics. The response rate was 8.6%. Partici-
pants were over 18 and had a menstrual bleed within the
past three months.

Survey

The survey included a maximum of 21 questions, with the
exact number of questions depending on individual circum-
stances. We collected data on age, level of partner support,
medication usage, country of birth, vitamin supplementa-
tion, and contraceptive usage. Qualitative reports of the
premenstrual experience were gathered through a free text
entry question (SI.1). Data collection took place from the
13/03/2020 through to 01/07/2020 and was halted once no
new responses had been recorded for a consecutive three-
day period.

Experimental design

Participants were randomly assigned to one of three condi-
tions, differing in the wording of the question that asked
participants to describe their premenstrual experience. Par-
ticipants in the control condition were exposed to a neutral
wording (“Please tell us about any changes (e.g., physical,
social, psychological, emotional, behavioral) you experience
the week before your period.”) and provided their responses
in a single text box. Participants in the treatment condi-
tions received modified versions of the question, replacing
“any changes” with “any positive and/or negative changes”
(treatment 1) or “any negative and/or positive” changes”
(treatment 2)(Fig. 1). Both treatments were answered using
three separate boxes: ‘negative’, ‘positive’, and ‘other’, (with
‘positive’ and ‘negative’ reversed for treatment 2). The terms
‘PMS’ or ‘premenstrual syndrome’ were avoided to prevent
any potential bias.

Text Analysis

Data cleaning Text processing was performed prior to anal-
ysis to address common issues such as unedited text, typos,
and abbreviations that are encountered in questionnaire data
(Wan and Gao 2015). A cleaning function was adapted from
the textclean package (Rinker 2018) to remove heterogeneity
in wording (e.g., PMS, premenstrual syndrome).

Polarity scores To create a polarity score for each partici-
pant’s response, we performed sentiment analysis using the
sentimentr package (Rinker 2019). The sentimentr package
uses a pre-defined dictionary (lexicon) of words and assigns
positive, negative, and neutral tags to sentences based on the
presence of these words. The algorithm considers negators,
shifters, and intensifiers (e.g., not and really) to calculate

the final polarity score (Mostafa 2013). We created a custom
dictionary adapted to menstruation by editing the polarity
of relevant words in the default lexicon of the sentimentr
package (SI.2). Words that described ‘no experience’, such
as ‘none’, ‘nil’, or ‘NA’ were recoded as ‘none’ and a neu-
tral score of O was applied. After checking for the efficacy
of the algorithm by comparing the polarity of responses in
‘positive’ and ‘negative’ boxes using McNemar’s y2, textual
data pertaining to each participant’s response was combined
for statistical analysis. The analysis does not ‘cancel out’
negative and positive but considers sentences and provides
an overall score.

Word diversity The data cleaned for the previous analysis
underwent further processing by tokenizing the text result-
ing in a one-word-per-row format (two words for bigrams).
Stopwords that do not carry significant meaning, such as
“and” and “thus”, were removed from the text (SI1.3). Lem-
matization was applied to condition together various forms
of the same word (e.g., hunger, hungry), using the textstem
package (Rinker 2018) (SI.4). The accuracy of the algorithm
was assessed (SL.5).

Word frequency We identified the 10 most frequently used
singular words in each of the three conditions.

Lexical density For each condition, the ratio of unique words
to the total number of words was calculated. Higher lexical
density scores indicate a greater variety of unique words and
less repetition within the conditions’ responses.

Statistical Analysis

Missing data imputation was conducted to address the pres-
ence of incomplete cases using the missRanger (Mayer
2021) package. The final models were run five times, each
on one of the imputed datasets, and the estimates pooled. To
check for imputation accuracy, the models were run on both
the complete and the imputed datasets (SI.6).

To account for the occurrence of zeros (neutral responses)
when modelling polarity, we used a two-part model (Neelon
et al. 2016). We used a multinomial logistic regression
model to analyze the polarity of responses grouped into
positive (> 0), negative (0 <), and neutral (0) (model 1).
We used minimally informative priors, with the negative
polarity group as the reference category. We used a con-
tinuous regression model fitted with a Gamma distribution
to analyze the range of negative polarity scores (model 2),
which were inverted to use a continuous probability distri-
bution, and the range of positive polarity scores (model 3).
Age was standardized.

Models were fitted using Stan computational framework
(Carpenter et al. 2017) and the Hamiltonian Monte Carlo
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Fig. 1 Flowchart of sample
selection and treatment alloca-
tion. Individuals under 18,
those who did not consent to
participate, those who had not
experienced a menstrual bleed
in the past 3 months or did

not complete the survey were
excluded. The remaining 2,637
participants were randomly
assigned to one of three condi-
tions, which differed in the
wording of the question asking
them to describe their premen-
strual experience

Raw Data n=4534

Did not agree to participate

n=128
Agreednm(a)gicipate |  Under 18 years n=115
Over 18 years n=4291 . No menstrual bleed in past 3

months n=88

!

Had a Menstrual Bleed in
the past three months=4203

I

Final sample n=2637

Control group n=861

|

Question: Please tell us
about any changes (e.g.
physical, social,
psychological, emotional,
behavioural) you experience
the week before your period

Did not complete survey
n=1566

Treatment two n=858

|

Question: Please tell us
about any positive and/or
negative changes (e.g.
physical, social,
psychological, emotional,
behavioural) you experience
the week before your period

!

Response Box:

Positive
> Changes

B Negative
Changes

algorithm (Biirkner 2017). Uncertainty in the estimates was
summarized using 95% credible intervals. Model comparison
was performed using the leave-one-out cross-validation (LOO-
CV) method (Gabry et al. 2019). To assess the relative fit of
the full model, a null model was compared using an approxi-
mate LOO-CV approach (S1.7) (Vehtari et al. 2017). Post-pre-
dictive checks can be seen in (SI.8). Traceplots showed that
the MCMC chains had achieved both stationarity and effec-
tive mixing, supporting model convergence (SI1.9) (McElreath
2018).
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Results

A total of 4,534 individuals participated in the study. After
removing unfinished responses and those that did not
meet the inclusion criteria, the final sample size included
2,637 participants (Fig. 1). Participants’ ages ranged from
18 to 54 years, with a mean age of 28 years. The sam-
ple includes participants born in 117 different countries,
with the majority being born in the UK (n =713), the
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United States (n =590), Australia (n =248), and Canada
(n =113). Among the participants, 17% reported using
hormonal contraception (n =457), a proportion that aligns
with the anticipated global rate of hormonal contraceptive
use (21.5% (United Nations 2019) (Table 1).

PME testimonies are overall negative

The mean polarity of the text data was —0.25, indicating a
negative skew across all three conditions (SI.10). The mean
polarity score for the control condition was lower compared
to the treatment conditions (control: mean (sd) =—0.4 (0.5),
Treatment 1 (T1): —0.2 (0.3); Treatment 2 (T2): —0.2 (0.3),
7?=101.5, df =2), a result confirmed by post-hoc pairwise
comparisons (control vs. T1, p< 0.001; control vs. T2,
p < 0.001). There was no effect of the order of emotional
prompts on polarity score. In a Bayesian multinomial regres-
sion model adjusted for age and use of hormonal contra-
ception, participants in treatment conditions had more than
double the odds of reporting neutral rather than negative
experiences as compared to those in the control condition
(T1: OR =3.58, 95% Credible Interval (CI):2.27-5.77; T2:
OR =3.81, 95% CI:2.41-6.16) (Fig. 2C, Table 2). Partici-
pants in the treatment conditions were also more likely to
give positive responses (T1: OR =1.46,95% CI:1.14 —1.88;
T2: OR =1.47, 95% CI:1.14-1.9). A sensitivity analysis
excluding individuals who may be experiencing perimeno-
pause (age >40) yielded similar results (SI.11). Polarity
score was not associated with the type of contraceptive used
(SI.12).

PME testimonies are more negative in the control
condition

To examine the impact of question phrasing on emotional
intensity for a given sentiment (e.g., how negative is a “nega-
tive” response?), we excluded neutral responses from the
analysis. Within the subset of responses scoring negative,
PME reports in treatment conditions were 64% less nega-
tive (T1: 95% CI:0.59-0.69) and 62% less negative (T2:
CI:0.57-0.67) than those in the control condition (Fig. 3
A&B, Table 3). Within the subset of responses scoring posi-
tive, there were no differences across the experimental con-
ditions (Table 3). Age and the use of hormonal contraception
were not associated with the magnitude of polarity.

Symptom diversity is lower in the control condition
Most common words across conditions
Among all experimental conditions, both individual words

(unigrams) and pairs of adjacent words (bigrams) in the neg-
ative treatment boxes exhibited a clear pain element (cramp,

breast, and back pain) and emotional sensitivity. In contrast,
positive boxes shared increased sex drive or libido across
all three conditions, while only the treatments mentioned
elements of enhanced energy, productivity and improved
skin or hair.

Unigrams The top ten most common words in the control
condition were also the most common words in the nega-
tive boxes of treatment conditions, including tender, breast,
cramp, emotional, bloat, pain and low. The word ‘cry’ was
exclusively present among the top ten most frequent words
in the control condition. Conversely, swing and acne were
found only in the negative boxes of treatment conditions
(Fig. 4). Breast was the only frequent word common to both
the positive boxes in the treatment conditions and the control
condition’.

Bigrams We found both similarities in bigrams (pairs of
adjacent words) in the control condition and the negative
boxes of the treatment conditions (e.g., ‘tender breast’, ‘back
pain’, and ‘much emotional’ (Fig. 5)) as well as differences,
for example the treatments had descriptions of increased
energy and improved skin.

Most unique words across conditions

We observed that lexical density scores, calculated as the
ratio of unique words to the total number of words within
each condition, were highest in treatment conditions com-
pared to the control condition (Fig. 3C). The diversity of
words used was not influenced by the order of the emotional
prompts.

Bias introduced by survey design

While the word count was higher in the control condition,
the lexical density score were still higher in the treatment
conditions despite expandable boxes being initially smaller.
The control condition had a significantly higher word count
per participant compared to the treatment conditions; no
significant difference was found between the treatment
conditions (Kruskal-Wallis ){2=361.57, df =2, p< 0.001).
There were no differences in the time taken to complete the
questionnaire (Kruskal-Wallis 7’=5.94, df =2, p< 0.001,
Table 1).

Discussion

We aimed to capture internalized views of the premenstrual
experience (PME) by collecting online large open-ended text
data in the absence and presence of emotional prompts. The
findings show that reports of PME are somewhat malleable

@ Springer
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Fig.2 Graph A and B: Violin and Density plots illustrating score
distribution, segregated by valence in treatment 1 (pink) and 2
(green). (A) shows the polarity score for text entered in the negative
text boxes in the treatments, and (B) shows the polarity score for text
entered in the positive text boxes in treatments 1 (pink) and 2 (green).
All ‘neutral’ responses have been excluded. The red lines denote the
0 line, with negative polarity scores appearing below and positive
polarity scores above it. The presence of only a limited number of
responses on the opposite side of the O line indicates the sentiment
analysis accurately assigns negative scores to responses written in the

negative box with an 89% accuracy rate, and 78% accuracy for posi-
tive responses. The similarity in shapes between treatments indicates
no significant difference in response scores between treatments 1 and
2. (C) shows the posterior probability of the polarity of PME reports,
conditional on all other predictors. Error bars indicate 95% confi-
dence intervals. Red circles: negative experiences; green triangles:
neutral experiences; blue squares: positive experiences. Responses
are generally negative across treatment conditions, but participants in
treatment conditions one and two contributed more neutral responses,
more positive responses, and fewer negative responses

Table2 Output of a
multinomial regression model.

The response variable is the
polarity of responses with 3
categories (positive, neutral, and
negative). ‘Negative’ was set

as reference category. Bolded
estimates indicate significant
effects

Odds Ratio Est.Error 1-95% CI u-95% CI
Intercept [Neutral] 0.03 1.24 0.02 0.04
Intercept [Positive] 0.17 1.11 0.14 0.20
Treatment Condition 1: Neutral 3.58 1.27 2.27 5.77
Treatment Condition 2: Neutral 3.81 1.27 241 6.16
Standardized Age: Neutral 1.02 1.09 0.87 1.20
Hormonal Contraception (True): Neutral 1.28 1.23 0.85 1.89
Treatment Condition 1: Positive 1.46 1.14 1.14 1.88
Treatment Condition 2: Positive 1.47 1.14 1.14 1.90
Standardized Age: Positive 0.92 1.06 0.82 1.02
Hormonal Contraception (True): Positive 1.14 1.15 0.87 1.48

and hold implications for the measurement of the premen-
strual experience.

Premenstrual testimonies are negative overall
The premenstrual experience is predominantly character-
ized by negative accounts. These results align with prior

research (Stubbs and Costos 2004; Ussher and Perz 2020).
More than 70% of the scores across all three conditions

@ Springer

were categorized as negative, and, strikingly, almost half
of the responses from the treatment conditions exclusively
filled the ‘negative’ box. We observed a consistent pat-
tern across all three conditions; the most common words
primarily revolved around themes of pain, emotions, and
sensitivity, which may suggest the presence of biological
factors contributing to negative premenstrual experiences.
One possible explanation lies in the inflammatory response
triggered by falling progesterone levels prior to menstruation
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Fig.3 Predicted means of the magnitude of polarity (emotional
intensity) of PME reports and its 95% Credible Intervals (A) nega-
tive polarity scores; (B) positive polarity scores. The small 95% cred-
ible intervals which do not overlap between control and treatments
one and two in facet (A) suggests differences in the range of negative
scores across experimental conditions. Larger 95% credible intervals

in treatments one and two in facet (B) suggest less reliable differences
in the range of positive responses. (C) Lexical density across treat-
ment conditions. Lexical density corresponds to the ratio of unique
words relative to the total number of words in each condition. Treat-
ment conditions one and two contain significantly more unique words
than the control condition

Table 3 Model output for

the range of negative and
positive polarity scores across
experimental conditions. The
estimates are the exponentiated
estimate for the model.

The estimate represents the
multiplicative change in polarity
score of a treatment compared
to control. An individual in
treatment 1 has a multiplicative
change in strength of negative
score. (a). Negative Model; (b).
Positive Model. The control
condition is the baseline.
Bolded estimates indicate
significant effects

Estimate Est.Error 1-95% CI u-95% CI

(a) Model on Negative Responses

Intercept 0.49 1.03 0.46 0.52
Treatment Condition 1 0.64 1.04 0.59 0.69
Treatment Condition 2 0.62 1.04 0.57 0.67
Standardized Age 1.04 1.02 1.00 1.08
Use Hormonal Contraception 0.99 1.05 0.90 1.08
(b) Model on Positive Responses

Intercept 0.18 1.09 0.16 0.21
Treatment Condition 1 0.97 1.11 0.79 1.19
Treatment Condition 2 0.86 1.11 0.70 1.06
Standardized Age 1.01 1.04 0.93 1.10
Use Hormonal Contraception 0.91 1.11 0.74 1.13
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Fig.4 The ten most frequent words found in each condition. Control
(A) contains mainly negative words at highest word counts. Treat-
ment 1 and 2 top words in the negative (B) box are ‘cramp, breast,
bloat’, while their top ‘other’ box content (C) focuses on food and

(Bertone-Johnson et al. 2014; Alvergne and Hogqvist Tabor
2018; Gold et al. 2016).

We observed differences in how negative responses were
across conditions. In the absence of emotional prompts, the
tendency to provide negative testimonies and the intensity
of these negative testimonies were more pronounced. Posi-
tive responses were not more positive in the presence of
emotional prompts; instead, negative responses were less
negative. The lower negative emotional intensity seen in the
treatment conditions may indicate that individuals opt for
a neutral response to avoid the cognitive effort needed to
provide a polarized response (Krosnick et al. 2001) with
increasing options (Weijters et al. 2010).

Positive symptoms are driven by energy and sex
drive

The treatment conditions yielded a higher number of positive
responses, which were mainly centered around testimonies

@ Springer

cravings. Treatment 1 and 2 top positive (D) words are ‘sex’ and
‘drive’. Many words such as ‘breast’, ‘cramp’ and ‘bloat’ are found
across all three conditions, while the order of these varies slightly
between the conditions

concerning sex drive and libido. At the same time, the treat-
ment conditions also highlighted energy and positive effects
on hair, skin, and breasts. This aligns with research in the
advertising industry, which has demonstrated that framing
can influence responses and behavior (Chang 2008).

Question phrasing influences writing style and text
diversity

The word count was higher in the control condition,
which may be due to the larger text box(Smith 1993;
Christian and Dillman 2004; Smyth et al. 2009), but the
treatment conditions showed a higher lexical diversity,
i.e., a broader range of responses with fewer word rep-
etitions. The control condition’s responses were more
verbose, characterized by longer sentences with more
descriptive words. The disparity in word density between
conditions cannot be solely attributed to the number of
response boxes since the control condition hadonly one
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Fig.5 The ten most frequent bigrams found in each condition split
by response box type. Control (A) contains mainly negative bigrams
at highest word counts. Treatment 1 and 2 top bigrams in the nega-
tive (B) box are pain related, while their top ‘other’ box content (C)

text box, yet nearly double the word count compared to
the treatment conditions. The responses in the treatment
conditions were organized as lists of symptoms, which
contributed to the differences in lexical density. The way
responses were elicited and categorized influenced the
participants’ writing style and the richness of their word
choices.

Treatment conditions had a higher occurrence of
neutral responses than the control condition, primarily
stemming from statements such as “I don’t get PMS”
or “none.” Unlike some previous studies (Romans et al.
2013; Kues et al. 2018), we did not find any significant
impact of question wording order on the responses, pos-
sibly because participants in our study were able to view
all the words within the same question, while other stud-
ies administered separate questionnaires for positive and
negative surveys (Chrisler et al. 1994).

Treatment 1: Negative Box | Treatment 2: Negative Box
tender breast{ [N tenderbreast
sore breast{ NG much emotional
vack pain{ |G sore breast
much emotional { [N back pain
weight gain - weight gain
tood craving { [ breast tender
low energy - low energy
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clear skin{ [l much energy
high energy{ il good skin
hair look{ i much productive
good hair{ i breast look
big boob{ [l big breast

0 20 40 0 20 40

Bigram Count

focuses on food, and cravings. Treatment 1 and 2 top positive (D)
bigrams are focused on libido and energy. Some bigrams such as ‘ten-
der breast’, ‘back pain’ and ‘sex drive are found across all three con-
ditions, while the order of these varies slightly between the conditions

Strengths

The inclusion of text boxes with explicit prompts for various
experiences provided women with a platform to express their
thoughts and concerns freely. Using computational methods
also provided the opportunity to encompass a large volume
of experiences, overcoming the limitations associated with
conventional focus conditions and interviews.

Limitations

First, we used an adapted dictionary lookup for text anal-
ysis because no annotated training data was available for
female or reproductive health. Only a few studies have used
deep learning to address issues of cross-domain sentiment
classification (Moslmi et al. 2017) and creating a more
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advanced model was beyond the scope of this study. Note
that sentiment analysis yielded reasonably accurate results
on the responses, achieving over 75% accuracy for positive
responses and over 85% accuracy for negative responses.
Second, reports are based on retrospective recalls of premen-
strual experiences, which can introduce bias. Although daily
self-reports are recommended to reduce bias, the challenge
of maintaining such diaries leads to dropout rates of up to
50%, leading to response bias (Sternfeld et al. 2002). Some
research has shown no distinction in premenstrual ratings
between retrospective and prospective collection methods
(Steiner and Streiner 2005). Third, data on the duration of
contraceptive use are not available, which could explain
why contraceptive use is not associated with variation in
emotional polarity. Finally, our approach does not account
for cultural variation in the experience of PMS, nor does it
consider group-specific differences in understanding men-
strual-related terms. However, it provides an overview of
the variation in premenstrual experiences and the impact of
phrasing on their description. Future studies would benefit
from investigating how sentiments related to reproductive
health terms vary across cultural norms.

Conclusion

By default, positive premenstrual experiences are not
reported, unless specifically asked for, an effect we argue
results from the influence of language and social con-
structs on how the premenstrual experience is described.
Re-framing the discussion of the premenstrual phase as
encompassing more than simply ‘negative symptoms’
could help de-construct the concept of PMS, and reduce
the negative connotations that it invokes (Richardson
1995; Bancroft 1995).

Author Contribution I confirm that I completed the majority of work
in this study. I created the survey, collected the data, ran the analyses
and wrote the paper. Dr Alvergne and I were responsible for the con-
ception and design of the study, and Clue provided input. I wrote the
initial draft and prepared the figures and tables. Dr Alvergne and I final-
ized the manuscript. Conceptualization: Gabriella Kountourides and
Alex Alvergne, with input from Clue; Methodology: Gabriella Koun-
tourides; Formal analysis and investigation: Gabriella Kountourides;
Writing—original draft preparation: Gabriella Kountourides; Writ-
ing—review and editing: Alex Alvergne; Supervision: Alex Alvergne.

Funding Economic and Social Research Council, K87259D,Gabriella
Kountourides. The authors have no relevant financial or non-financial
interests to disclose.

Data Availability The data supporting the findings of this study are

publicly available on the Open Science Framework (OSF) at [https://
osf.io/mh2yx/?view_only=1df10f0c2fc94f44a59204ce74299946].

@ Springer

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Abplanalp JM, Donnelly AF, Rose RM (1979) Psychoendocrinol-
ogy of the menstrual cycle: I. Enjoyment of daily activities and
moods. Psychosom Med 41(8):587-604

ACOG (2015) Premenstrual syndrome (PMS). https://www.acog.org/
womens-health/fags/premenstrual-syndrome

ACOG (2023) Premenstual syndrome (PMS) FAQs. https://www.
acog.org/womens-health/fags/premenstrual-syndrome#:~:text=
Premenstrual %20Syndrome%20(PMS)%3 A %20A, their%20men
strual%20periods %20every %20month. Accessed 29 Jun 2023

Alagna SW, Hamilton JA (1986) Social stimulus perception and self-
evaluation: effects of menstrual cycle phase. Psychol Women
Q 10:327-338

Altmann M, Knowles E, Bull HD (1941) A psychosomatic study of
the sex cycle in women. Psychosom Med 3:199-225. https://
doi.org/10.1097/00006842-194107000-0000

Alvergne A, Hogqvist Tabor V (2018) Is female health cyclical?
Evolutionary perspectives on menstruation. Trends Ecol Evol
33:399-414. https://doi.org/10.1016/j.tree.2018.03.006

Aubuchon PG, Calhoun KS (1985) Menstrual cycle symptomatol-
ogy: the role of social expectancy and experimental demand
characteristics. Psychosom Med 47:35

Bancroft J (1995) The menstrual cycle and the well being of women.
Soc Sci Med 41:785-791. https://doi.org/10.1016/0277-
9536(95)00045-9

Bertone-Johnson ER, Ronnenberg AG, Houghton SC et al (2014)
Association of inflammation markers with menstrual symptom
severity and premenstrual syndrome in young women. Hum
Reprod 29:1987-1994. https://doi.org/10.1093/humrep/deul70

Bertone-Johnson ER (2016) Chronic inflammation and premenstrual
syndrome: a missing link found? J Womens Health 25:857-858.
https://doi.org/10.1089/jwh.2016.5937

Biirkner P-C (2017) brms: An R package for Bayesian multilevel
models using stan. J Stat Softw 80:1-28. https://doi.org/10.
18637/jss.v080.i101

Campagne DM, Campagne G (2007) The premenstrual syndrome
revisited. Eur J Obstet Gynecol Reprod Biol 130:4-17. https://
doi.org/10.1016/j.ejogrb.2006.06.020

Carpenter B, Gelman A, Hoffman MD et al (2017) Stan: a probabil-
istic programming language. J Stat Softw 76:1-32. https://doi.
org/10.18637/jss.v076.101

Chandra PS, Chandra PS (1989) Cultural variations of premenstrual
experience. Int J Soc Psychiatry 35:343-349. https://doi.org/10.
1177/002076408903500407

Chang C (2008) Ad framing effects for consumption products: an
affect priming process. Psychol Mark 25:24—46. https://doi.org/
10.1002/mar.20199

Chrisler JC, Johnston IK, Champagne NM, Preston KE (1994) Men-
strual joy: the construct and its consequences. Psychol Women


https://osf.io/mh2yx/?view_only=1df10f0c2fc94f44a59204ce74299946
https://osf.io/mh2yx/?view_only=1df10f0c2fc94f44a59204ce74299946
http://creativecommons.org/licenses/by/4.0/
https://www.acog.org/womens-health/faqs/premenstrual-syndrome
https://www.acog.org/womens-health/faqs/premenstrual-syndrome
https://www.acog.org/womens-health/faqs/premenstrual-syndrome#:~:text=Premenstrual%20Syndrome%20(PMS)%3A%20A,their%20menstrual%20periods%20every%20month
https://www.acog.org/womens-health/faqs/premenstrual-syndrome#:~:text=Premenstrual%20Syndrome%20(PMS)%3A%20A,their%20menstrual%20periods%20every%20month
https://www.acog.org/womens-health/faqs/premenstrual-syndrome#:~:text=Premenstrual%20Syndrome%20(PMS)%3A%20A,their%20menstrual%20periods%20every%20month
https://www.acog.org/womens-health/faqs/premenstrual-syndrome#:~:text=Premenstrual%20Syndrome%20(PMS)%3A%20A,their%20menstrual%20periods%20every%20month
https://doi.org/10.1097/00006842-194107000-0000
https://doi.org/10.1097/00006842-194107000-0000
https://doi.org/10.1016/j.tree.2018.03.006
https://doi.org/10.1016/0277-9536(95)00045-9
https://doi.org/10.1016/0277-9536(95)00045-9
https://doi.org/10.1093/humrep/deu170
https://doi.org/10.1089/jwh.2016.5937
https://doi.org/10.18637/jss.v080.i01
https://doi.org/10.18637/jss.v080.i01
https://doi.org/10.1016/j.ejogrb.2006.06.020
https://doi.org/10.1016/j.ejogrb.2006.06.020
https://doi.org/10.18637/jss.v076.i01
https://doi.org/10.18637/jss.v076.i01
https://doi.org/10.1177/002076408903500407
https://doi.org/10.1177/002076408903500407
https://doi.org/10.1002/mar.20199
https://doi.org/10.1002/mar.20199

Asking the right questions: How PMS question phrasing impacts responses in an English speaking,... 1515

Q 18:375-387. https://doi.org/10.1111/j.1471-6402.1994.tb004
61.x

Christian LM, Dillman DA (2004) The influence of graphical and
symbolic language manipulations on responses to self-admin-
istered questions. Public Opin Q 68:57-80. https://doi.org/10.
1093/poq/nfh004

Clarke AE, Ruble DN (1978) Young adolescents' beliefs concerning
menstruation. Child Dev 49(1):231-234

Clue (2017) Positive symptoms of PMS actions info. https://hello
clue.com/articles/cycle-a-z/positive-symptoms-pms

Direkvand-Moghadam A, Sayehmiri K, Delpisheh A, Kaikhavandi
S (2014) Epidemiology of premenstrual syndrome (PMS)-a
systematic review and meta-analysis study. J Clin Diagn Res
8:106-109. https://doi.org/10.7860/JCDR/2014/8024.4021

Gabry J, Simpson D, Vehtari A et al (2019) Visualization in Bayesian
workflow. J R Stat Soc Series A Stat Soc 182:389-402. https://
doi.org/10.1111/rssa.12378

Gold EB, Wells C, Rasor MO (2016) The association of inflamma-
tion with premenstrual symptoms. J] Womens Health 25:865—
874. https://doi.org/10.1089/jwh.2015.5529

Halbreich U, Endicott J, Schacht S, Nee J (1982) The diversity of
premenstrual changes as reflected in the premenstrual assess-
ment form. Acta Psychiatr Scand 65:46-65. https://doi.org/10.
1111/5.1600-0447.1982.tb00820.x

Heard KV, Chrisler JC, Kimes LA, Siegel HN (1999) Psychomet-
ric evaluation of the menstrual joy questionnaire. Psychol Rep
84:135-136. https://doi.org/10.2466/pr0.1999.84.1.135

Heinemann LA, Minh TD, Filonenko A, Uhl-Hochgriber K (2010)
Explorative evaluation of the impact of severe premenstrual dis-
orders on work absenteeism and productivity. Womens Health
Issues 20(1):58-65. https://doi.org/10.1016/j.whi.2009.09.005

King M, Ussher JM (2013) It's not all bad: Women's construction and
lived experience of positive premenstrual change. Fem Psychol
23:399-417. https://doi.org/10.1177/0959353512440351

Knaapen L, Weisz G (2008) The biomedical standardization of pre-
menstrual syndrome. Stud Hist Philos Biol Biomed Sci 39:120—
134. https://doi.org/10.1016/j.shpsc.2007.12.009

Krosnick JA, Holbrook AL, Berent MK et al (2001) The impact of
"no opinion" response options on data quality. Public Opin Q
66:371-403. https://doi.org/10.1086/341394

Kues JN, Janda C, Krzikalla C et al (2018) The effect of manipu-
lated information about premenstrual changes on the report of
positive and negative premenstrual changes. Women Health
58:16-37. https://doi.org/10.1080/03630242.2016.1263274

Martin E (1987) The woman in the body: a cultural analysis of repro-
duction. Beacon Press, Boston

Mattina GF, Van Lieshout RJ, Steiner M (2019) Inflammation,
depression and cardiovascular disease in women: the role of
the immune system across critical reproductive events. Ther
Adv Cardiovasc Dis 13:1753944719851950. https://doi.org/10.
1177/1753944719851950

Mayer M (2021) missRanger: fast imputation of missing values ver-
sion 2.1.3

McElreath R (2018) Statistical rethinking: A Bayesian course with
examples in R and Stan. Chapman and Hall/CRC, New York

Moslmi TA, Omar N, Abdullah S, Albared M (2017) Approaches to
cross-domain sentiment analysis: a systematic literature review.
IEEE Access 5:16173-16192

Mostafa MM (2013) More than words: Social networks' text min-
ing for consumer brand sentiments. Expert Syst Appl 40:4241-
4251. https://doi.org/10.1016/j.eswa.2013.01.019

Neelon B, O'Malley AJ, Smith VA (2016) Modeling zero-modified
count and semicontinuous data in health services research Part
1: background and overview. Stat Med 35:5070-5093. https://
doi.org/10.1002/sim.7050

Olasov B, Jackson J (1987) Effects of expectancies on women's
reports of moods during the menstrual cycle. Psychosom
Med 49(1):65-78. https://doi.org/10.1097/00006842-19870
1000-00006

Parlee M (1974) Stereotypic beliefs about menstruation: A methodo-
logical note on the moos menstrual distress questionnaire and
some new data. Psychosom Med 36:229-240

Puder JJ, Blum CA, Mueller B et al (2006) Menstrual cycle symp-
toms are associated with changes in low-grade inflammation.
Eur J Clin Invest 36:58—64. https://doi.org/10.1111/j.1365-
2362.2006.01591.x

Rapkin AJ, Winer SA (2009) Premenstrual syndrome and premen-
strual dysphoric disorder: quality of life and burden of illness.
Expert Rev Pharmacoecon Outcomes Res 9:157-170

Richardson JTE (1995) The premenstrual syndrome: A brief history.
Soc Sci Med 41:761-767. https://doi.org/10.1016/0277-9536(95)
00042-6

Rinker TW (2018) textclean: text cleaning tools, version 0.9.3. https://
github.com/trinker/textclean

Rinker TW (2019) sentimentr: calculate text polarity sentiment (R
package version 2.7.1). https://cran.r-project.org/web/package=
sentimentr

Romans S, Clarkson R, Einstein G et al (2012) Mood and the menstrual
cycle: areview of prospective data studies. Gend Med 9:361-384.
https://doi.org/10.1016/j.genm.2012.07.003

Romans SE, Kreindler D, Asllani E et al (2013) Mood and the men-
strual cycle. Psychother Psychosom 82:53-60. https://doi.org/10.
1159/000339370

Rose N (1994) Medicine, history and the present. In: Jones C, Por-
ter R (eds) Reassessing foucault: power, medicine and the body.
Routledge, London

Rose JG, Chrisler JC, Couture S (2008) Young women's attitudes
toward continuous use of oral contraceptives: the effect of prim-
ing positive attitudes toward menstruation on women's willingness
to suppress menstruation. Health Care Women Int 29:688-701.
https://doi.org/10.1080/07399330802188925

Smith TW (1993) Little things matter: a sampler of how differences in
questionnaire format can affect survey responses. GSS Methodo-
logical Report No 78

Smyth JD, Dillman DA, Christian LM, Mcbride M (2009) Open-ended
questions in web surveys. Public Opin Q 73:325-337. https://doi.
org/10.1093/pog/nfp029

Sommer B (1973) The effect of menstruation on cognitive and percep-
tual-motor behavior: a review. Psychosom Med 35(6):515-534.
https://doi.org/10.1097/00006842-197311000-00007

Steiner M, Streiner DL (2005) Validation of a revised visual analog
scale for premenstrual mood symptoms: results from prospective
and retrospective trials. Can J Psychiatry 50:327-332. https://doi.
org/10.1177/070674370505000607

Sternfeld B, Swindle R, Chawla A et al (2002) Severity of premen-
strual symptoms in a health maintenance organization population.
Obstet Gynecol 99:1014-1024. https://doi.org/10.1016/S0029-
7844(02)01958-0

Stubbs ML, Costos D (2004) Negative attitudes toward menstruation:
implications for disconnection within girls and between women.
Women Ther 27:37-54. https://doi.org/10.1300/J015v27n03_04

Taylor D (2006) From "it's all in your head" to "taking back the month":
premenstrual syndrome (PMS) research and the contributions
of the society for menstrual cycle Research. Sex Roles 54:377.
https://doi.org/10.1007/s11199-006-9009-z

Tschudin S, Bertea PC, Zemp E (2010) Prevalence and predictors of
premenstrual syndrome and premenstrual dysphoric disorder in
a population-based sample. Arch Womens Ment Health 13:485—
494. https://doi.org/10.1007/s00737-010-0165-3

@ Springer


https://doi.org/10.1111/j.1471-6402.1994.tb00461.x
https://doi.org/10.1111/j.1471-6402.1994.tb00461.x
https://doi.org/10.1093/poq/nfh004
https://doi.org/10.1093/poq/nfh004
https://helloclue.com/articles/cycle-a-z/positive-symptoms-pms
https://helloclue.com/articles/cycle-a-z/positive-symptoms-pms
https://doi.org/10.7860/JCDR/2014/8024.4021
https://doi.org/10.1111/rssa.12378
https://doi.org/10.1111/rssa.12378
https://doi.org/10.1089/jwh.2015.5529
https://doi.org/10.1111/j.1600-0447.1982.tb00820.x
https://doi.org/10.1111/j.1600-0447.1982.tb00820.x
https://doi.org/10.2466/pr0.1999.84.1.135
https://doi.org/10.1016/j.whi.2009.09.005
https://doi.org/10.1177/0959353512440351
https://doi.org/10.1016/j.shpsc.2007.12.009
https://doi.org/10.1086/341394
https://doi.org/10.1080/03630242.2016.1263274
https://doi.org/10.1177/1753944719851950
https://doi.org/10.1177/1753944719851950
https://doi.org/10.1016/j.eswa.2013.01.019
https://doi.org/10.1002/sim.7050
https://doi.org/10.1002/sim.7050
https://doi.org/10.1097/00006842-198701000-00006
https://doi.org/10.1097/00006842-198701000-00006
https://doi.org/10.1111/j.1365-2362.2006.01591.x
https://doi.org/10.1111/j.1365-2362.2006.01591.x
https://doi.org/10.1016/0277-9536(95)00042-6
https://doi.org/10.1016/0277-9536(95)00042-6
https://github.com/trinker/textclean
https://github.com/trinker/textclean
https://cran.r-project.org/web/package=sentimentr
https://cran.r-project.org/web/package=sentimentr
https://doi.org/10.1016/j.genm.2012.07.003
https://doi.org/10.1159/000339370
https://doi.org/10.1159/000339370
https://doi.org/10.1080/07399330802188925
https://doi.org/10.1093/poq/nfp029
https://doi.org/10.1093/poq/nfp029
https://doi.org/10.1097/00006842-197311000-00007
https://doi.org/10.1177/070674370505000607
https://doi.org/10.1177/070674370505000607
https://doi.org/10.1016/S0029-7844(02)01958-0
https://doi.org/10.1016/S0029-7844(02)01958-0
https://doi.org/10.1300/J015v27n03_04
https://doi.org/10.1007/s11199-006-9009-z
https://doi.org/10.1007/s00737-010-0165-3

1516

G. Kountourides, A. Alvergne

United Nations (2019) Contraceptive use by method 2019. Department
of Economic and Social Affairs, Population Division

Ussher JM, Perz J (2020) "I feel fat and ugly and hate myself": self-
objectification through negative constructions of premenstrual
embodiment. Fem Psychol 30:185-205. https://doi.org/10.1177/
0959353519900196

Vehtari A, Gelman A, Gabry J (2017) Practical Bayesian model evalua-
tion using leave-one-out cross-validation and WAIC. Stat Comput
27:1413-1432. https://doi.org/10.1007/s11222-016-9696-4

Walker AF, De Souza MC, Vickers MF et al (1998) Magnesium sup-
plementation alleviates premenstrual symptoms of fluid reten-
tion. J] Womens Health 7:1157-1165. https://doi.org/10.1089/
jwh.1998.7.1157

Wan Y, Gao Q (2015) An ensemble sentiment classification system
of Twitter data for airline services analysis. In: 2015 IEEE inter-
national conference on data mining workshop (ICDMW), pp
1318-1325

@ Springer

Weijters B, Cabooter E, Schillewaert N (2010) The effect of rating scale
format on response styles: the number of response categories and
response category labels. Int J Res Mark 27:236-247. https://doi.
org/10.1016/j.ijresmar.2010.02.004

Winer SA, Rapkin AJ (2006) Premenstrual disorders: prevalence, etiol-
ogy and impact. J Reprod Med 51:339-347

Woods NF, Taylor D, Mitchell ES et al (1992) Perimenstrual symptoms
and health-seeking behavior. West J Nurs Res 14:418—443

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.1177/0959353519900196
https://doi.org/10.1177/0959353519900196
https://doi.org/10.1007/s11222-016-9696-4
https://doi.org/10.1089/jwh.1998.7.1157
https://doi.org/10.1089/jwh.1998.7.1157
https://doi.org/10.1016/j.ijresmar.2010.02.004
https://doi.org/10.1016/j.ijresmar.2010.02.004

	Asking the right questions: How PMS question phrasing impacts responses in an English speaking, online sample
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Article Highlights
	Introduction
	Materials and Methods
	Recruitment
	Survey
	Experimental design
	Text Analysis
	Statistical Analysis

	Results
	PME testimonies are overall negative
	PME testimonies are more negative in the control condition
	Symptom diversity is lower in the control condition
	Most common words across conditions
	Most unique words across conditions
	Bias introduced by survey design


	Discussion
	Premenstrual testimonies are negative overall
	Positive symptoms are driven by energy and sex drive
	Question phrasing influences writing style and text diversity
	Strengths

	Limitations
	Conclusion
	References


