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Abstract
The discourse around menstrual cycles is often pathologised, leading to negative perceptions of menstruation. The extent to which
premenstrual syndrome (PMS) is inherently negative or the result of medicalised framing has long remained unclear.

We address this gap by investigating whether framing the premenstrual experience as being both negative and positive
components would enable individuals to report more diverse and positive experiences than are currently reported.

In an online experiment, 2,638 participants were randomly allocated to one of three question phrasings (control: describe your
premenstrual experience; treatment one: describe your positive and negative premenstrual experience; treatment two: describe your
negative and positive premenstrual experience).

Sentiment analysis was applied to responses to create polarity scores. A two-part Bayesian model was performed to investigate the
effect of phrasing in predicting differences in polarity scores. Across all phrasings, responses were negatively skewed.

However, response polarity scores and diversity of symptoms were higher if the question speci�ed both positive and negative
experiences compared to the control group. This corroborates previous literature showing that a negative premenstrual phase is a
widespread phenomenon but challenges the idea that the premenstrual experience is solely negative.

The �ndings have implications for how the premenstrual experience is quanti�ed.

Introduction
Worldwide, 48% of fertile women suffer from premenstrual syndrome (PMS), a chronic condition characterised by a constellation of
over 200 physical and emotional symptoms [1]. While the experience of the premenstrual phase occurring in the two weeks
preceding menstruation is usually thought of as a negative one, women also report positive experiences such as heightened
creativity prior to menstruation [2, 3]. However, this perspective is rarely captured by data collection tools or conversations about the
premenstrual experience. One possible reason for this omission is that the discourse around menstrual cycles is pathologising and
medicalised [4, 5], leading to solely negative perceptions of menstruation. Medicalisation is a social process whereby non-medical
conditions become de�ned and treated as medical problems [6]. Yet, the extent to which PMS is inherently negative and/or the
result of the medicalised framing remains unclear. This paper aims to address this gap by investigating whether framing the
premenstrual experience as being both negative and positive would allow individuals to report more diverse and positive
experiences than are currently reported.

PMS has been described as an in�ammatory disease, resulting from a ‘cycle of in�ammation’ that underpins the menstrual cycle
[7–9]. The cyclical production of reproductive hormones throughout the menstrual cycle leads to cyclical variation in in�ammation,
which is highest just before and during menstruation [7, 8]. It has been suggested that differences in chronic systemic in�ammation
could lead directly to the symptoms of PMS [7]. Indeed, in�ammatory factors (such as CRP, IL-2, IL-4, IL-10, IL-12) have been shown
to be positively associated with PMS symptom severity [10, 11]. As such, in�ammatory states seem to have an association with
PMS, and therefore negative experiences should not be con�ated with disease if they are normal manifestations of the hormonal
cycles [8]. These experiences are expected to vary with ecological and environmental factors, such as age and the use of hormonal
contraception.

If cyclical in�ammation is a cause of premenstrual syndrome, this effect is predicted to disappear for people who do not have
cyclical in�ammation, such as those whose ovulation is suppressed, and normal hormonal cycling is prevented, for example those
on hormonal contraceptives [12]. However, this may vary by contraceptive type, for example combined contraceptive methods
suppress ovulation, and are usually administered for a 21-day period, then a 7-day pill-free period, to mimic a 28-day menstrual
cycle. This would lead to falling levels of progesterone, in�ammation and PMS. Progestin only methods can also partially suppress
ovulation, though at a lower rate than combined methods [13].

A young age has been found to be a risk factor for PMS in a study of 114 working women in Bangkok, Thailand (OR 0.61, 95% CI = 
0.40–0.94) [14]. Further, the use of hormonal contraceptives should be accounted for when investigating PMS given that steroid
hormones in�uence cyclical immunity and thus the potential for pre-menstrual related in�ammation [15]. Biological states do not
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exist in silos, in addition to the biological experience, an individual exists in a socio-cultural environment, which can also impact the
way they experience the premenstrual phase [16].

Discourse around menstruation varies, both between countries and between people. The way in which PMS is reported and
experienced is at least partly culturally mediated, for example through medical discourse and school [17, 18]. This discourse has
been argued to contribute to the medicalisation of the premenstrual phase, which impacts how the premenstrual phase is
experienced [19, 20]. Some have argued that PMS is a culture-bound syndrome [21]. In this line, a systematic meta-analysis of 17
papers including 18,803 research participants found that the percentage of women reporting PMS ranges from 10% in Switzerland
to 98% in Iran, with an average of 48% [1]. Yet, individuals report different views of their menstrual experience, including PMS, even
within the same culture [16]. On the other hand, medical texts argue that PMS is not a culture-bound syndrome, however, these texts
accept that the experience varies across populations and between individuals [22]. As such, expectation and anticipation of the
premenstrual phase could vary in part, by country of residence.

In the absence of a biological marker to clinically diagnose PMS, there now exists over 60 qualitative instruments to collect data
about people’s menstrual experiences, which predominantly ask about negative effects of the premenstrual phase [23, 24]. However,
these psychometric instruments have been criticised for suggesting that women’s behaviour is determined solely through hormones,
ignoring women’s voices and lived experiences [25]. Researchers have highlighted the need for improved tools [26–28], emphasising
that excluding positive symptoms leaves an incomplete view of the menstrual cycle [29–32]. Omitting positive symptoms from
diagnostic tools not only prevents a comprehensive understanding of the premenstrual phase but may even prime women to
consider the premenstrual phase negatively. While studies have found that priming affects women’s reports of cycle-related
symptoms [33], the positive dimension that women describe the week before their periods is often excluded from research and
medical questionnaires. If measures and tools only include negative symptoms, this can lead to a self-ful�lling prophecy of
expecting, and then experiencing, negative symptoms.

Reports of positive and negative premenstrual changes can be in�uenced by the type of knowledge imparted to the person [34, 35];
however, existing studies do not compare both medicalised and positive rhetoric in the same study, and are done on relatively small
numbers of participants (n > 100). For example, showing women a video describing a link between the menstrual cycle and low
mood, increased expectations of negative mood changes, and lowered expectations of positive changes [36]. An American study on
50 women found that women could be primed to think more positively about menstruation despite their past menstrual experiences,
while a negative bias in questions can lead to negative questionnaire responses, and perhaps overall negative attitudes [37]. This
study found that if women were given a Menstrual Joy Questionnaire (MJQ) rather than a Menstrual Distress Questionnaire (MDQ)
they reported more positive attitudes towards menstruation. They also found that the order of positive and negative survey
administration had an effect: participants given the MJQ �rst reported more positive changes [38].

In this paper, we set out to investigate the extent to which framing the experience of the premenstrual phase as both positive and
negative alters the polarity (e.g., a positive or negative sentiment), the emotional intensity of the responses (i.e., the magnitude of
polarity) and the diversity of text used to describe experiences (see methods). We hypothesised that questions framed to encourage
people to think about their positive premenstrual experiences would diminish how negatively they would report their experiences
and/or report some positive experiences. To test this hypothesis, we used an online survey to collect text data on the premenstrual
experience (PME). Participants were randomly allocated to one of three conditions where they were asked to describe their
premenstrual experience using a different framing.

Some were asked about experiences in general without specifying the type of experience, and others were asked about positive and
negative experiences with varying orders. We then used text analysis to investigate differences between polarity scores and word
diversity across the groups. The use of sentiment analysis allows us to centre women’s voices and learn directly from their
experiences. As compared to focus groups and interviews, the use of computational methods allows the recruitment of thousands
of experiences.

Results
Participants were randomly assigned to one of three groups, a control and two treatments. The control group was assigned a
question that is consistent with questions asked by medical professionals, while treatments one and two asked speci�cally about
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positive and negative experiences in different orders (Fig. 1). Text analysis was used to ascribe polarity scores to the response
contributed by each individual.

In this sample, we �nd an effect of question framing on the polarity of the premenstrual testimonies. The polarity (positive, neutral,
negative) of recounted experiences is higher (less negative) if the question speci�ed both positive and negative experiences,
compared to the control condition, not specifying sentiments in relation to PME. A similar effect is found for the breadth of
symptoms described, which increases in treatments as compared to control. There are no differences between treatments
manipulating the order of questions.

A total of 4,534 people participated in the study. After removing un�nished responses and those that did not meet the inclusion
criteria (menstrual bleed in the past three months; over 18), the �nal sample size was 2,638 (Fig. 1). Participants were aged 18 to 54
(mean +/- sd = 28), born in 117 different countries, the majority in the UK (n = 713), America (n = 590), Australia (n = 248) and
Canada (n = 113), though there were individuals from �ve continents. Altogether, 17% used hormonal contraception (n = 458), this
�gure is in line with what we expected compared to the rate of hormonal contraceptive use worldwide (21.5% [39]) (Table 1). The
mean polarity of the data was − 0.19 showing that all three groups had a negative score skew (Fig. 2).

The mean polarity score for the control group was lower than in treatment groups (control: mean +/- sd= -0.25 +/- 0.42; treatment
one − 0.16 +/- 0.23; treatment two − 0.15 +/- 0.23), Kruskal-Wallis 𝛘²=23.93, df = 2, p < 0.001). Pairwise comparisons revealed
signi�cant differences between control and treatment group one, and control and treatment group two (p < 0.001) but not between
treatments one and two.

(1) Does question framing in�uence the polarity of premenstrual
testimonies?
To investigate the impact of framing on the polarity of responses, we ran a Bayesian multinomial regression model (see methods).
Participants in treatment groups one and two had over double the odds of reporting neutral rather than negative experiences as
compared to those in the control group (treatment one: OR = 2.25, 95% Credible Interval [CI]:1.55–3.32; treatment two: OR = 2.36,
95% [CI]:1.62–3.47) (Fig. 3, Table 2). The odds of reporting a positive response in treatment groups one and two were not found to
be statistically different when compared to the control group (treatment one: OR = 0.97, 95% [CI]:0.77–1.22; treatment two: OR = 
1.05, 95% [CI]:0.83–1.32).

Next, we found no signi�cant relationship between the use of hormonal contraceptives and reporting a neutral (OR = 0.93, 95%
[CI]:0.62–1.37) or a positive experience (OR = 1.12, 95% [CI]:0.88–1.44). There were also no associations between ages and both
neutral (OR 1, 95% [CI]:0.86–1.15) and positive experiences (OR = 0.94 ,95% [CI]:0.85–1.04, Table 2).

An age sensitivity analysis which included only those under the age of 40 to exclude perimenopausal people, gave similar results [SI
1]. We also ran the model grouping different contraceptives (progesterone only, combined, IUD only, no contraception, sterilised) to
determine whether individual contraceptives had different results, this was not found to be the case [SI 2].

(2) Does question framing in�uence the magnitude of polarity (i.e.,
emotional intensity) in premenstrual testimonies?
Within responses scoring negative overall, treatment groups one and two were associated with less negative scores than those in
the control group. Individuals in treatment one were 66% as negative as those in the control group (95% Credible Interval [CI]:0.61–
0.72). Individuals in treatment two were 65% as negative as those in the control group ([CI]:0.6–0.71; Table 3; see Fig. 4 for
predicted means).

Within responses scoring positive overall, treatment groups one and two were associated with less positive scores compared to the
control group. Individuals in treatment one were 78% as positive of those in the control group (95% Credible Interval [CI]:0.66–0.92).
Individuals in treatment two were 73% as positive as those in the control group ([CI]:0.62–0.87).

Age was found to in�uence negative scores across all groups (estimate: 1.06, 95% Credible Interval [CI]:1.02–1.1), with older
respondents contributing more negative sentiments. There were no associations between age or the use of hormonal contraception
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on the emotional intensity within positive responses.

(3) Does question framing in�uence word diversity?
We found that lexical density scores (number of unique words / number of total words) were the highest in treatment groups one
and two as compared to the control group (Fig. 6). This suggests that the wording in treatment groups one and two elicit more
diverse responses, with less repetition when compared with the control. The order of questioning “positive” and “negative” does not
make a difference to the diversity of words used, whereas not including “positive” and “negative” in the prompt of the question in
treatments does. The most common unigrams (individual words) found across all three groups have much overlap, with ‘breast,’
‘cramp,’ ‘bloat,’ ‘pain,’ ‘crave.’ However, ‘cry’ and ‘sensitive’ only appear in the control’s list of 10 most frequent words, while “swing”
and “acne” only appear in treatment one and two’s most frequent words (Fig. 5).

Finally, to determine whether any differences found were due the question type, rather than survey design (1 box for control, 3 for
treatments), we analysed the time it took for participants to answer, and whether the three boxes led to more text. As this could have
allowed more unusual responses to emerge, we also examined differences in the number of words per person. We found a
statistically signi�cant difference in mean word count by group (Kruskal-Wallis 𝛘²=278.28, df = 2, p < 0.001). Pairwise comparisons
revealed with the control group having signi�cantly more words per participant than the treatment groups, but no difference
between treatment groups. We did not �nd any differences in time taken to complete the questionnaire (Kruskal-Wallis 𝛘²=5.92, df 
= 2, p < 0.001, Table 1).
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Table 1
Characteristics of Treatment Groups

  Control Group Treatment Group 1 Treatment Group 2

Background Characteristics

Participants per group 863 918 858

Age (mean + sd) 28.1 (7) 28.2 (6.8) 28.2 (6.8)

Residence in the UK 235 (27.2%) 238 (25.9%) 240 (28%)

Hormonal Contraceptive Use 153 (17.7%) 165 (18%) 140 (16.3%)

Area of Residence

Africa 14 (1.6%) 8 (0.9%) 13 (1.5%)

Asia and the Paci�c 70 (8.1%) 63 (6.9%) 49 (5.7%)

Oceania 79 (9.2%) 108 (11.8%) 91 (10.6%)

Europe 374 (43.3%) 361 (39.3%) 360 (42%)

North America 213 (24.7%) 266 (29%) 224 (26.1%)

South America 32 (3.7%) 29 (3.2%) 29 (3.4%)

Polarity Scores

Score (mean + sd) -0.3 (0.4) -0.2 (0.2) -0.2 (0.2)

Range Score -4.04 : 2 -0.93 : 2 -1.04 : 2

Total Number of Negative Scores 631 (73.1%) 638 (69.5%) 587 (68.4%)

Total Number of Positive Scores 191 (22.1%) 187 (20.4%) 183 (21.3%)

Total Number of Neutral Scores 40 (4.6%) 93 (10.1%) 88 (10.3%)

Response Characteristics

Number of Words per response (mean + sd) 31.8 (39.3) 14 (14.5) 15.4 (16.5)

Time taken to complete (mean + sd) 4770.1 (121050.5) 1038.7 (14613.6) 511.9 (1525.8)
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Table 2
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.
Bold estimates indicate signi�cant effects.

  Odds Ratio Est.Error l-95% CI u-95% CI

Intercept [Neutral] 0.07 1.32 0.04 0.13

Intercept [Positive] 0.30 1.17 0.23 0.41

Treatment Group 1: Neutral 2.25 1.21 1.55 3.32

Treatment Group 2: Neutral 2.36 1.22 1.62 3.47

Standardised Age: Neutral 1.00 1.08 0.86 1.15

Hormonal Contraception (True): Neutral 0.93 1.22 0.62 1.37

Treatment Group 1: Positive 0.97 1.12 0.77 1.22

Treatment Group 2: Positive 1.05 1.13 0.83 1.32

Standardised Age: Positive 0.94 1.05 0.85 1.04

Hormonal Contraception (True): Positive 1.12 1.13 0.88 1.44

 
Table 3

Model output for the range of negative and positive polarity scores across
experimental groups. The estimates are the transformed (exponentiated)

estimate for the model. The estimate represents the multiplicative change in
polarity score of a treatment compared to control. An individual in treatment
one has a multiplicative change in strength of negative score. (a) Negative

Model; (b) Positive Model. The control group is the baseline. Bold estimates
indicate signi�cant effects.

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

(a) Model on Negative Responses

Intercept 0.41 1.03 0.38 0.43

Treatment Group 1 0.66 1.05 0.61 0.72

Treatment Group 2 0.65 1.05 0.60 0.71

Standardised Age 1.06 1.02 1.02 1.10

Use Hormonal Contraception 0.99 1.05 0.90 1.09

(b) Model on Positive Responses

Intercept 0.19 1.06 0.17 0.22

Treatment Group 1 0.78 1.09 0.66 0.92

Treatment Group 2 0.73 1.09 0.62 0.87

Standardised Age 1.00 1.04 0.94 1.08

Use Hormonal Contraception 0.90 1.10 0.75 1.08

Discussion
We investigated whether the premenstrual experience (PME) is in�uenced by question framing using an online experiment. We
manipulated the phrasing of the question asking for a description of the premenstrual experience (control: nothing speci�ed;
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treatments: framing the question speci�cally asking about both negative and positive experiences in a different order). Drawing on
the analysis of text data collected, the results show that (1) in both control and treatment groups, PME was overall described
negatively, (2) framing the question with emotional valence specifying both positive and negative experiences, resulted in higher
odds of reporting neutral compared to negative responses, and (3) the experience was described less negatively, and the breadth of
symptoms described was higher (more diverse) in treatments compared to the control group. These results have implications for
how the premenstrual experience is measured and challenges the idea that the premenstrual experience is solely negative.

The results show that, regardless of the phrasing of the question, the polarity of menstruating individual’s accounts of the
premenstrual experience are overall negative, but not solely so. Our results are consistent with previous studies showing that
menstruating individuals describe their premenstrual phase as a negative period [40, 41]. This suggests that in�ammation
associated with the menstrual cycle has a large impact on descriptions, leading menstruating individuals to experience the phase in
a negative way. However, language and social constructions also play a role in the description of the experience. Negative
premenstrual experiences may result from an in�ammatory reaction triggered by dropping progesterone levels before menstruation.

In this line, premenstrual syndrome has been regarded as the outcome of a cycle of in�ammation [42–44]. Yet, the negative
premenstrual experience reported by individuals using hormonal contraception cannot be explained by cyclical in�ammation, so
other mechanisms might be at play.

The analysis shows that age and the use of hormonal contraception did not associate with the polarity of responses. This is
surprising because both age and use of hormonal contraceptives are important in mediating cycle differences [45, 46]. The lack of
effect on combined contraceptive users could stem from the fact that these types of contraceptives mimic the menstrual cycle and
cyclical immunity, and it has also been suggested that these may produce PMS-like symptoms such as irritability, which are
confused with PMS [47]. The seven-day placebo pill causes a drop of hormones leading to a withdrawal bleed, which may have
been obscured within the general ‘hormonal contraceptive’ user responses. We had expected progestin only methods to show lower
levels of any premenstrual changes, as they do not cause cycling, however, they do impact in�ammation and responses to
infection. For example, it is interesting to note that in rodents, infection has been facilitated by the administration of progestin
contraception [48], so progestin might heighten systemic in�ammation. Therefore, those on progestin contraceptives have higher
levels of systemic in�ammation, which may mask any impact of cyclical in�ammation. We also expected differences between IUD
users and hormonal contraceptive users. However, while IUD users’ ovulation is not affected, any intra-uterine device causes uterine
irritation and in�ammation [49], which may contribute to systemic in�ammation similarly to progestin only methods. While we were
surprised by these results, one previous study showed minor differences in PMS severity between those who used and did not use
hormonal contraceptives, and encouraged researchers to include hormonal contraceptive users from future studies on the
premenstrual phase [50]. It is important to note that we did not have data on how long people had been using their contraceptive
methods, and whether they took them regularly. It is also possible that people on hormonal contraceptives were responding with
their premenstrual experiences over their lifetime, or for cycles before they took contraception. Or, perhaps people on hormonal
contraceptives are con�ating negative side effects from contraceptive use with PMS.

The lack of differences between hormonal contraceptive and non contraceptive users could emphasise the importance of the social
framing of premenstrual syndrome. It is possible that the negative stereotype of PMS is so pervasive, that people undergoing a
withdrawal bleed (from hormonal contraception) rather than a true bleed also believe they are experiencing PMS.

Most respondents did not describe positive experiences, and some even reacted strongly against the idea of having these. In the
advertising industry, framing has been shown to affect responses and behaviour [51], however, we did not �nd this to be the case in
all parts of this study. We were surprised to �nd that the number of neutral responses was impacted by treatment, even though the
number of positive and negative responses were not. This suggests that: i) whilst the premenstrual experience is generally a
negative one; ii) when menstruating individuals are prompted speci�cally to consider positive and negative effects, they are more
likely to respond with a neutral statement such as “I don’t get PMS” or “none”. Some research has shown that as the number of
Likert-style options increase, the extreme responses decreased [52], suggesting that people opt for a neutral response to avoid the
cognitive effort required to give a polarised response[53]. This could explain the reduced spread of positive and negative responses
in the treatment groups, given we don’t see the same results when there are free text boxes.
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Question phrasing in�uences the number and type of words used to describe the PME. We found that the diversity of language used
in treatment groups one and two is higher than in the control group, which had fewer unique words than treatment groups one and
two. This suggests more repetition in the responses within the control group. This indicates that the diversity of language used in
treatment groups one and two is higher than that in the control group, suggesting that when participants are directly asked to
describe different experiences, they have more to say. However, the number of words used does not differ between the groups,
rather, they describe different experiences. While some words were recurrent in all three groups, in particular words depicting
physical pain (e.g., ‘breast,’ ‘cramp’ and ‘bloat’), some were unique to the control group such as ‘cry’ and ‘sensitive’. ‘Swing’ and ‘acne’
were found to be among the most frequent words used in treatment groups one and two. This suggests that the control elicits
negative emotional and psychological symptoms, while the treatments elicited more descriptive bodily symptoms. Note that the
number of boxes is unlikely to explain differences in word density: the control group with the single text box had almost double the
word count compared to the others. Control responses had longer sentences with more descriptive words, while responses in
treatment groups read more often as a list of symptoms. The responses in the treatments being split into ‘positive’, ‘negative’ and
‘other’ may have resulted in a ‘list style’ response of speci�c symptoms, while responses in the control group were more verbose,
resulting in more general words with fewer distinct words.

Contrary to other studies, we have not found that the order of the wording impacted responses [38, 54]. This could be because
participants could see all the words in the same question, regardless of the question order, while other studies administering
different orders of positive and negative surveys were done by entirely separate questionnaires [37].

Using sentiment analysis permits the analysis of a large number of responses, many more than would have been feasible if these
were being individually analysed by a thematic analysis method [55–57]. Indeed, the large number of respondents led to the
collection of the largest and most diverse PMS experiences to date. However, our methodology was limited by the dictionary used in
text analysis, which was an adapted dictionary lookup. A tailor-made sentiment dictionary would have been more accurate.
However, we are not aware of any annotated training data created for female or reproductive health. Creating a more advanced
model for this paper, using deep neural networks was beyond the scope of this study, indeed very few studies have used deep
learning to address issues of cross-domain sentiment classi�cation [58]. However, our study has highlighted the need for a new
lexicon that encompasses words relevant to female reproductive health.

Another limitation was that we did not have any data on BMI, as obesity has been shown to be a risk factor for PMS [59]. However,
due to the large number of respondents which were randomly allocated into the three response groups, any effect due to BMI would
have been the same in each group. We opted not to record BMI as sensitive questions can lead to higher survey drop-out rates [60].

While biomedical perspectives may provide mechanistic explanations of PMS, there is no single experience of the premenstrual
phase. Using an inductive, feminist approach that places participants experiences and their unique words at the centre of the
research could give rise to hypotheses for why such variation in PMS is observed, for example highlighting the presence of neutral
responses. It is clear that the premenstrual phase is negative for a majority of people, but this work highlights the existence of
neutral and positive dimensions that should also be considered by healthcare providers. The current medical literature emphasises
negative cycle changes, while positive ones get very little attention. Discussing the premenstrual phase as “changes” instead of
“syndrome” could help break down the concept of PMS, to reduce the negative connotations that it invokes [61, 62].

Moreover, the wording of the question about the premenstrual phase can allow a greater diversity of responses to emerge from
participants. Calls for future research should focus on the development of a reproductive health lexicon, with a focus on menstrual
cycles. By using this, and ensuring enough models are trained in different languages, we will be able to quickly capture and analyse
huge numbers of responses. This in turn will enable researchers to assess different risk factors for a negative premenstrual phase
(we suggest in�ammatory illnesses and stress levels) while also determining ‘risk factors’ for positive and neutral premenstrual
phases. In this way, our �ndings have implications for how the premenstrual experience is quanti�ed. Understanding which words
are the most frequently used can help researchers build speci�c tools to capture the premenstrual experience in future, and to
establish ways in to improve the premenstrual experiences, for example targeting anti-in�ammatory medications at speci�c cycle
points for those with negative premenstrual changes.

Methods
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a) Recruitment of participants
The study received ethical clearance from the School of Anthropology and Museum Ethnography Research Ethics Committee (Ref
No.: SAME_C1A_19_07). Participants were recruited through tweets and push noti�cations released by Clue, a free period tracker
app based in Germany and released in 2013 by BioWink GmbH. Three tweets were sent out in March 2020 on Twitter by Clue, which
were retweeted by both authors. After one month, there had been 200 survey responses. Clue subsequently sent noti�cations to
30,000 randomly selected app users with their app language set to English, thus were not restricted by geographic location, but
rather by user language. Participants followed the link in the tweet/push noti�cation which directed them towards an online survey
hosted by the Qualtrics survey platform [63]. In total, 2,751 participants completed the survey, and 1783 dropped out during the
survey, leaving a completion rate of 61%. The response rate for push noti�cations through the Clue app was 8.6% but the overall
response rate is likely to be lower, as the response rate for Twitter could not be calculated, since we could not determine how many
people saw the tweets. Participants could only complete the survey if they were over 18, had a menstrual bleed in the past three
months, and gave informed consent to the use of their data.

b) Survey
The survey included a maximum of 21 questions depending on individual circumstances. The survey collected quantitative data on
age, level of partner support, medication, country of birth, vitamin use, and contraceptive use, as well as qualitative data on the
premenstrual experience through a free text entry question (SI 3). These data were collected as they have been shown to affect the
symptoms and intensity of symptoms that menstruating individuals describe [64–71]. Data collection took place from the 13th
March 2020 through to 1st July 2020 and was halted once no more push noti�cations were scheduled, and no new responses had
been recorded for three days.

c) Experimental design
To test for the effect of framing on the polarity of responses and diversity of words used in responses, participants were randomly
assigned to one of three groups, a control and two treatments. Each group was shown a different wording for the question asking
to describe one’s premenstrual experience. The control group was assigned a question that is consistent with questions asked by
medical professionals: “Please tell us about any changes (e.g., physical, social, psychological, emotional, behavioural) you
experience the week before your period”, which was answered in a single, generic text box entry. Treatment one was assigned the
question “Please tell us about any negative and/or positive changes (e.g., physical, social, psychological, emotional, behavioural)
you experience the week before your period” which was answered in three boxes: ‘negative’, ‘positive’ and ‘other’. Treatment two was
assigned the 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”, which was answered in three boxes, ‘positive’, ‘negative’, and ‘other’. Thus
treatments one and two were assigned a question that would specify the type of change (negative or positive) experienced, but in a
different sequence (negative �rst for treatment one, and positive �rst for treatment two), differing only in the order of symptoms
they asked for. At no point in the survey did the words ‘PMS’ or ‘pre-menstrual syndrome’ appear, to avoid biasing responses.

d) Data Management
Responses were downloaded from the survey platform ‘Qualtrics’ onto a password-protected computer. The ‘qualtRics’ package [72]
was used to move survey results into R using the ’Qualtrics’ API. To maintain security, an encrypted .Renviron �le was used to store
environment variables. Any personal information collected by the platform, such as IP addresses were removed, and each person
was assigned a unique ID.

e) Text Analysis
Data Cleaning: Text processing was performed, as texts written in questionnaires are often unedited, typos and abbreviations often
occur [73]. Similarly, the same words can be represented differently, such as ‘PMS’, ‘premenstrual syndrome’ and ‘pre-menstrual
syndrome’. To address this, a cleaning function was created (the script is open access and can be found on GitHub
(https://bit.ly/3saG0ie). The function created was adapted from code written in the ‘textclean’ package [74].

i) Extracting the polarity of responses
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Polarity scores: Polarity scores were calculated to answer the following two questions: (i) do the number of positive, negative and
neutral responses vary by group? (ii) does the range of scores vary by group? To create a polarity score for each response, we
performed a sentiment analysis, a lexicon-based approach that uses text mining and computational linguistics using the sentimentr
package [75]. By comparing words in the text to a pre-de�ned dictionary of words (lexicon), an algorithm assigns positive, negative
and neutral tags to sentences. Negators, shifters and intensi�ers (words such as “not” and “really”) are accounted for in the �nal
polarity score [76]. A challenge in sentiment analysis is the lack of datasets that have been used to train a model which can adapt
to speci�c domains [77]. We are not aware of any annotated datasets about menstruation that could be used to train a model to
accurately classify responses as positive or negative. As such, we adapted the default lexicon in the sentimentr package [75] by
creating a custom dictionary, whereby the polarity of relevant words was edited (SI 4).

Word Diversity: The text was analysed to answer the following three questions (i) which single words (unigrams) are the most
frequent and important in each group? (ii) what are the similarities in words between control and treatments? (iii) Are unique words
found in any of the groups?

First, further data processing was performed by tokenising the text to break sentences into a one-word-per-row format. Highly
common words that do not carry meaning such as “and”, “thus” (stopwords) were removed (SI 5), and applied to the text, removing
22,997 words, leaving 32,111. Words were then lemmatised, when various forms of a word are grouped together so that they can be
analysed as a single word (e.g., hunger, hungry), using the ‘textstem’ package [78]. Speci�c steps can be seen in (SI 6).

Second, word frequency was used to determine which singular words were used most frequently across the three groups. For each
group, the lexical density corresponding to the ratio of unique words relative to the total number of words in each group was
calculated, where higher scores mean more unique words and less repetition. All text was considered together, irrespective of which
box participants wrote it.

f) Statistical Analysis
Missing Data Imputation: Descriptive statistics were calculated to show distributions for each variable (group, age, use of hormonal
contraceptives). There were 118 missing observations for age and 255 for residence. To avoid power reduction and bias by
excluding incomplete cases [79], multiple imputation was performed using chained random forest in the missRanger [80] package.
This uses all other variables as co-variables and a random forest plot to predict each variable, iterating it until the average out-of-
bag prediction error of the models no longer improves. The �nal model for each question was run �ve times, each on one of the
imputed datasets, estimates pooled. The models were run on both complete cases and imputed datasets to check that results were
similar [SI 7].

Analysis: To investigate if the experimental treatment in�uences the polarity of responses, we ran a two-part model [81] to account
for the occurrence of zeros (neutral responses) in a categorical model (model 1), and the non-zero polarity scores (positive and
negative) using a continuous distribution (model 2 + 3).

In model 1, we categorized polarity as positive (> 0), negative (0<) and neutral (0) and used a multinomial logistic regression with
minimally informative priors, with the ‘negative’ polarity set as reference. In model 2 we focused on the range of negative polarity
scores, which were inversed for the purpose of using a continuous probability distribution. In model 3 we focused on the range of
positive polarity scores. In all models age was standardised, and in models 2 and 3, polarity was modelled using a gamma
distribution. We compared the effect of control vs. treatments (investigating any effect of framing the premenstrual experience as
positive and negative), as well as treatment one vs. treatment two (investigating any effect of the order of terms with opposed
emotional valence).

Models were �tted using Stan computational framework [82] made accessible by the brms v2.21.2 package which �ts Bayesian
models using the Hamiltonian Monte Carlo (HMC) algorithm [83]. Estimate uncertainty was summarised using the 95% credible
intervals (CI). Different models were compared using the leave-one-out cross-validation (LOO-CV) method. All models were checked
through graphical posterior predictive checking, where graphical displays of posterior predictive distribution data were simulated
and compared to our data [84].
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Model Comparison The full model was compared to a null model to investigate the relative �t [SI 8]. An approximate leave-one-out
cross-validation (LOO-CV) was run [85]. The difference in the two model’s expected predictive accuracy was examined using the
ELPD-LOO (expected log pointwise predictive density leave-one-out cross-validation), and the better �tting model was selected [SI 8].
Post predictive checks can be seen in [SI 9].
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Figures

Figure 1
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Flow chart of sample selection and treatment allocation.

Figure 2

Framing effect on the polarity of premenstrual experiences (PME). There is a negative skew for all groups, with the control group
showing the most extreme negative responses. The most common score in treatment one and two is 0. The mean for the control
group is seen in the dashed pink line, dotted green for treatment one and long dashed purple for treatment two. The most common
counts for treatment one and two are at 0, due to the large number of ‘neutral’ responses, thus the lines overlap.
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Figure 3

Posterior probability of the polarity response, conditional on all other predictors. Error bars indicate 95% con�dence intervals. Red
circles: negative experiences; green triangles: neutral experiences; blue square: positive experiences. Responses are overly negative
across treatment groups, but participants in treatment groups one and two contributed more neutral responses.
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Figure 4

Predicted means of emotional intensity score and its 95% Credible Intervals (A) negative polarity scores; (B) positive polarity scores.
The small 95% credible 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 groups. Larger 95% credible intervals in treatments one and two in
facet (B) suggests less unreliable differences in the range of positive responses.
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Figure 5

The ten most frequent words found in each group. Many words such as ‘breast’, ‘cramp’ and ‘bloat’ are found across all three
groups, while the order of these varies slightly between the groups. Dotted blue circles denote the most frequent words only found in
the control group (‘cry’ and ‘sensitive’). Solid red circles denote the most frequent words found in control and treatment one (‘tender’)
while the dashed green circles denote the most common words only found in treatment one and two (‘swing’ and ‘acne’).
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Figure 6

Lexical density across treatment groups. Lexical density corresponds to the ratio of unique words relative to the total number of
words in each group. Treatment groups one and two contain signi�cantly more unique words than the control group (Kruskal-Wallis
𝛘²=8.73, df=2, p <0.05).
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