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Abstract

Background: Despite menstruation occurring regularly for most females during their
reproductive years, empirical understanding of the volume and variation of menstrual
fluid loss (MFL) remains limited. This gap limits our understanding of normal and
abnormal menstrual patterns and the biological and sociodemographic factors that
may influence MFL. The primary objective of this study was to determine the daily
and total MFL over one or up to three consecutive menstrual cycles (MCs). The
secondary objectives were to explore the associations between total MFL and
sociodemographic and lifestyle factors (including age, ethnicity, and physical activity
(PA)), body composition, and menstrual health, including gynaecological age, parity,

and hormonal contraceptive (HC) use.

Methods: Menstruating females (n=40), aged 18—45 years, were recruited from
Auckland, New Zealand, to participate in a prospective observational study collecting
MFL. Participants used either a menstrual cup or disc for one or up to three
consecutive MCs to measure daily and total MFL. Participants completed a baseline
questionnaire that captured sociodemographic data, PA levels, and menstrual and
general health history. Anthropometric measurements (height and weight) and body
composition (fat mass, fat-free mass, body fat percentage) were collected in a
laboratory setting. Descriptive statistics were used to summarise participant
characteristics and MFL. Participants were grouped into light-medium and medium-
heavy groups based on the sample medium. Associations between total MFL and
sociodemographic and lifestyle, body composition, and menstrual health factors
were explored using independent samples t-tests, Mann-Whitney U, Fisher-
Freeman-Halton exact tests, Friedman’s ANOVA, and multivariate linear regression.
Statistical analyses were conducted using IBM SPSS Statistics (version 30.0) and

significance was set at p < 0.05.

Results: A statistically significant difference was observed in median MFL across
MCs one, two, and three (32 (1) = 768.0, p < 0.001) and days one to eight (y? (1) =
167.3, p < 0.001) of menstruation. Significant differences in both objective and
subjective MFL were observed between light-medium and medium-heavy MFL

groups. Specifically, the medium-heavy group had higher objective MFL, which
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aligned with a higher subjective rating of MFL on days of menstruation. No significant
associations were observed between MFL and sociodemographic and lifestyle
(F(4,30) = 0.17, p = 0.95, R?= 0.03), body composition (F(3,31) = 0.06, p = 0.98, R?
= 0.01) or menstrual health factors (F(3,31) = 0.61, p = 0.61, R?=0.06).

Conclusion: Menstrual fluid loss exhibited substantial inter- and intra-individual
variability. The MFL of this cohort of healthy women appeared to be within the
physiologically normal ranges reported in previous literature. No significant
associations were found between MFL and sociodemographic and lifestyle, body
composition, or menstrual health factors. This highlights the multifactorial nature of
menstrual physiology and the need for larger, more diverse studies using objective

measurement methods.
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Chapter 1: Introduction

Menstruation is a natural and recurring physiological process experienced by most
females throughout their reproductive lifespan (Rohatgi & Dash, 2023). It is marked
by the shedding of the uterine lining and the loss of menstrual fluid (MF) through the
vagina (Allen et al., 2016). Globally, approximately 1.8 billion females menstruate
every month (UNICEF, n.d.), and on any given day, an estimated 800 million are
menstruating, representing about 26% of the global population (Rohatgi & Dash,
2023).

In Aotearoa New Zealand, education about menstruation has been taught from a
scientific and medical perspective, with an emphasis on reproduction and hygiene
(Diorio & Munro, 2000). This narrow framing has often excluded comprehensive
education on menstrual health and menstruation (Diorio & Munro, 2000; Fletcher,
2023). As a result, a notable gap in menstrual health literacy remains, particularly
around the understanding of menstrual fluid loss (MFL) and menstrual blood loss
(MBL) between women and menstrual cycles (MC). Menstrual fluid is a complete
biological mixture, while menstrual blood is one component of this fluid.

Recent research has highlighted low levels of MFL awareness (Fletcher, 2023).
Findings from an online questionnaire assessing MC knowledge among New
Zealand females aged 16—40 years revealed that most participants could correctly
identify the definition of a prolonged menstrual bleed (96.1%) and the components of
MF (99%); however, knowledge gaps persisted in key clinical areas (Fletcher, 2023).
For example, over half (51.7%) of the participants were unaware of the volume of
MBL that constitutes heavy menstrual bleeding (HMB), and only 57.6% could identify

what is considered a normal amount of MBL during one menstrual bleed.

Similar levels of menstrual health literacy have been observed internationally.
Damian et al. (2019) conducted an online questionnaire assessing the knowledge of
19,415 Polish females on the physiology of the MC. In this study, less than half
(47.5%) were able to identify that menstruation typically lasts 3—5 days and normal
MBL was around 30-70 mL. A further 31.0% selected “5—7 days and less than 30
mL”, 21.0% selected “7—10 days and less than 30 mL”, and 0.41% selected that “it
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doesn’t matter how long the menstruation lasts”. These findings highlight the
substantial variability in women's understanding of both the duration and volume of
menstrual bleeding.

Limited understanding or knowledge of MBL and MFL is not a recent issue.
Evidence of women’s low menstrual health literacy can be found in research
completed in the 1960s. Hallberg, H6gdahl, et al. (1966) compared subjective
perceptions of MBL with objectively measured volumes in 475 Swedish participants.
In this study, over 40% of women with an MBL above 80 mL, thus exceeding the
clinical threshold for HMB, perceived their menstruation as “moderate” or even
“small”. Conversely, 14% of women with an MBL below 20 mL considered their
bleeding to be “heavy”. These discrepancies demonstrate the unreliability of
subjective assessments of MBL and point to a broader lack of understanding around
MBL and MFL volume norms that appears to have persisted over time.

Over the past six decades, MFL has been assessed using both subjective and
objective methods. Research that has objectively measured MFL has employed a
range of collection and quantification methods. The early objective studies
predominantly focused on measuring or determining MBL, rather than total MFL. As
a result, in research conducted between the 1960s and the early 2000s, sanitary
pads and tampons were widely used in combination with the alkaline hematin
method to measure MBL. However, over time, the measurement of MFL has evolved
significantly, shifting from the alkaline haematin method toward more practical
approaches such as gravimetric and menstrual cup methods. This indicates a shift
toward measuring MFL rather than MBL alone.

To date, Donoso et al. (2019) are the only study to use menstrual cups to objectively
measure MFL. As a result, clinical guidance for interpreting MFL measurements
obtained via menstrual cups remains limited. Additionally, research studies have not
yet established how volumes of MFL measured using menstrual cups correspond to
the thresholds for HMB or MBL as quantified using the alkaline hematin method. This
gap highlights the need for further research to validate mensural cup measurements
and define clinically meaningful thresholds for MFL.
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During a female’s reproductive years, MFL can vary significantly among and
between individuals (Atsuko et al., 2024). Both inter- and intra-individual variations in
MFL and MBL are influenced by a range of factors, including lifestyle, nutrition,
physical characteristics, and health-related factors (Mena et al., 2021; Reavey et al.,
2021). While improving knowledge and awareness of menstrual health and MFL is
essential, it is equally important to understand the various factors that contribute to
this variability to support accurate interpretation and personalised menstrual and
health care for women. For example, understanding MFL variations for women is
important for identifying potential impacts on iron status, as HMB can lead to
substantial iron losses. As such, increased MFL for premenopausal women can
increase their risk of iron deficiency and iron deficiency anaemia (Napolitano et al.,
2014).

Previous research has reported on many factors that may influence MFL. These
include age, number of pregnancies, contraceptive use, body mass index (BMI),
underlying health conditions and disease states, and stress (Atsuko et al., 2024;
Jahanfar et al., 2024; Poitras et al., 2024; Yi et al., 2023). For the purpose of this
thesis, we will explore the association among sociodemographic and lifestyle factors,
body composition, and menstrual health factors.

Sociodemographic and lifestyle factors such as age, physical activity (PA), and
ethnicity, and their influence on menstruation and MFL have been explored to a
limited extent. The existing literature suggests that age is associated with increasing
MFL across the reproductive lifespan. Physiologically, lower MBL among
adolescents may be due to an immature reproductive axis, a younger gynaecological
age, and low parity (Hallberg, Hégdahl, et al., 1966; Rybo, 1983). In contrast, the
higher prevalence of HMB in older women may be attributed to age-related uterine
conditions such as fibroids, polyps, and endometrial hyperplasia, which are more
common during the perimenopausal years and can contribute to increased MFL
(Hallberg, Hogdahl, et al., 1966; Rybo, 1983; Van Voorhis et al., 2008). While
ethnicity and PA have been scarcely researched, some studies suggest potential
correlations, and others remain inconclusive (Bruinvels et al., 2016; Dasharathy et
al., 2012; Mena et al., 2021).
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While nutrition influences body composition, body composition itself independently
affects various health outcomes, including menstrual health, making it an important
variable in understanding MFL. Research on body composition and anthropometry in
relation to menstruation has primarily focused on changes in body composition
across the MC. While most research suggests statistically significant positive
correlations between height, weight, BMI, and MBL (Hahn et al., 2013; Mena et al.,
2021; Reavey et al., 2021; Santos et al., 2011), others report no clear associations
(Atsuko et al., 2024; Dasharathy et al., 2012; Donoso et al., 2019). Currently, there
are few studies examining the relationship between objectively measured MFL and
more precise body composition metrics, such as fat mass, lean body mass, or body
fat percentage.

Within the existing research, factors such as parity (Atsuko et al., 2024; Donoso et
al., 2019) and contraceptive use (Fraser et al., 1985; Israel et al., 1974) have been
reported to have a significant influence on MFL, whereas age of menarche does not
(Ji et al., 1981; Napolitano et al., 2014). Research consistently indicates that parity is
positively associated with MFL (Atsuko et al., 2024; Donoso et al., 2019). Hormonal
contraceptives (HC), particularly oral contraceptives (OC) and hormonal intrauterine
devices (IUDs), which are widely used to manage HMB and regulate MCs (Bradley &
Gueye, 2016), are often associated with a significant reduction in MBL and, in many
cases, can lead to lighter or absent menstrual bleeding (Fraser et al., 1985). Within
the available evidence, it is suggested that MFL may vary depending on the type of
contraceptive used (Andrade et al., 1979; Fraser et al., 1985). However, the majority
of the existing literature on contraceptive use and MBL was conducted prior to the
2000s. Consequently, while historical research offers valuable insights, there is a
clear need for research examining the effects of modern contraceptive methods on
MFL and MBL.

In summary, while menstruation is a universal experience for most females
throughout their reproductive lifespan, significant gaps remain in our understanding
of MFL. Particularly regarding the objective measurement of MFL as compared to
MBL, and what sociodemographic and lifestyle, body composition, and menstrual
health-related factors may influence both inter- and intra-individual variability in MFL.

Addressing these gaps is essential to advancing menstrual health research,
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informing evidence-based guidelines, and supporting informed clinical care,
particularly in relation to the influence of body composition on MFL.

1.1 Aims

To determine the daily and total menstrual fluid loss variations in menstruating women
and their association with sociodemographic factors, body composition, and menstrual
health.

1.1.1 Objectives

1. To determine the daily and total menstrual fluid loss variations over 1-3
consecutive menstrual cycles.

2. To explore the associations between total menstrual fluid loss and
sociodemographic and lifestyle factors, including age, ethnicity, and physical
activity.

3. To explore the associations between total menstrual fluid loss and lean muscle
mass and body fat percentage.

4. To explore the associations between total menstrual fluid loss and menstrual
health, including gynaecological age, parity, and contraceptives.

1.1.2 Hypothesis

1. There will be a significant difference between daily MFL in menstruating New
Zealand women.

2. There will be a positive association between age and total MFL in menstruating
New Zealand women.

3. Women with higher levels of PA will experience lower MFL compared to women
with low levels of PA.

4. There will be a positive association between MFL and body fat percentage in
menstruating New Zealand women.

5. Parous women will experience significantly higher MFL than nulliparous
women.

6. Hormonal contraceptive (HC) users will experience significantly lower MFL than

non-HC users.
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1.2 Structure of Thesis

This thesis begins with an introductory chapter discussing the purpose of this study,
with a focus on menstruation as a key part of the MC. This chapter discusses the
limited knowledge of MFL, particularly its inter- and intra-individual variability and the
factors that contribute to this variability among women. This first chapter will
conclude with the study aims, objectives, and hypothesis. Chapter two presents an
in-depth review of current literature on MFL and MBL, including measurement
methodologies and their associations with sociodemographic and lifestyle factors,
body composition, and menstrual health. Chapter three will include a manuscript
detailing the methodology and results of this research. Chapter four will summarise
the implications of this research, discuss strengths and limitations, and outline

recommendations to guide future research in this area.
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Chapter 2: Literature Review

2.1 Introduction

Menstruation is a vital aspect of female health, yet our understanding of the factors
that are associated with intra- and inter-individual variations in menstrual fluid loss
(MFL) remains insufficiently explored in scientific literature. In the absence of this
information, this chapter will critically review the available literature on menstruation,
specifically MFL and its association with various sociodemographic and lifestyle
factors, body composition metrics, and menstrual health factors. The first section of
this review will focus specifically on studies that have objectively quantified MFL and,
therefore, will exclude studies that have used subjective measures of MFL. The
remaining three sections will focus on factors that may be associated with MFL, and
given the limited research on this topic, will review studies that have included both

subjective and objective measures of MFL.

To provide additional context for this area of research, this review will present a
discussion on the methodologies used in previous research to measure MFL. A
critical discussion will be presented on the effectiveness and limitations of various
measurement methods, including menstrual cups, sanitary pads, tampons, and
gynaeseals. By synthesising current knowledge on MFL and factors that may be
associated with its variability between and within women, this review aims to
highlight gaps in the literature and suggest future research directions to improve our

understanding of this under-discussed aspect of women's health.

Review Methods:

To investigate the current understanding of MFL, this review focused on (a)
methodologies to quantify MFL and factors that previous research has suggested
may be associated with MFL variability between and within women. These factors
include (b) sociodemographic and lifestyle factors, (c) body composition metrics, and
(d) menstrual health factors.

This literature review search was conducted in electronic databases including
PubMed, Google Scholar, Scopus, and Discover (through the Massey University
Library), to identify studies published between 1960 and 2024.
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The search terms used included combinations of the following keywords:

- "Menstrual bleed*" OR "menstrual fluid" OR "menstrual blood"

- Menstrua®* OR menses

- "Blood flow” OR "blood loss" OR “Blood Volume” OR “fluid los*” OR "fluid volume"

- Measur* OR estimat* OR volume

- Ethnic* OR race

- Sociodemograph* OR “socio demograph*” OR demograph* OR ethnic* OR race

- "Physical activit" OR exercise* OR fithess*

- “Body composition” OR BMI OR “body mass index” OR “body weight” OR “body
fat” OR height

Abstracts, full-text articles, and methodologies were screened for relevance and
were critically reviewed if they investigated the association between MFL and
sociodemographic and lifestyle, body composition, and menstrual health factors. The
studies that objectively measured MFL were further assessed, with their

methodology evaluated based on their effectiveness at collecting MFL.

2.2 Menstrual Cycle and Menstrual Fluid Loss

2.2.1 Menstrual Cycle and Menstruation
The menstrual cycle (MC) is a natural, recurring process that is regulated by the

neuroendocrine system. For most females, the duration of the MC typically lasts 21
to 35 days. The MC is broadly divided into two main phases, the follicular and luteal
phases (Allen et al., 2016). These two phases can then be further subdivided into
early-, mid-, and late-follicular phases, as well as early-, mid-, and late-luteal phases.
Each phase and subphase of the MC is characterised by the variations in
concentrations of the two main sex steroid hormones involved in the MC, oestrogen
and progesterone (Allen et al., 2016; Sukhija & Katiyar, 2024).
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Throughout the MC and within different phases, variations in oestrogen and
progesterone will drive physiological changes of the endometrium. For example,
when oestrogen and progesterone are low in the early-follicular phase, menstruation
and the shedding of the endometrial lining occur (Allen et al., 2016; Salamonsen et
al., 1999). During the mid-follicular phase, oestrogen levels increase as a mature
follicle develops in the ovary, with levels of this hormone peaking in the late-follicular
phase (Allen et al., 2016). This rise in oestrogen stimulates the proliferation of the
endometrial lining, rebuilding the functional layer that was shed during menstruation.
Progesterone is low throughout the follicular phase. At the end of the follicular phase,
a surge in luteinising hormone (LH) occurs, triggered by high oestrogen levels (Allen
et al., 2016). The LH surge signals ovulation (the rupturing of the mature follicle in
the ovary and release of the ovum into the fallopian tubes), after which the remaining
cells of the mature follicle in the ovary will form a temporary endocrine structure
known as the corpus luteum. The corpus luteum secretes both progesterone and
oestrogen, and its formation marks the start of the early-luteal phase (Allen et al.,
2016). In the mid-luteal phase, progesterone concentrations will peak, and oestrogen
concentrations will have a secondary peak within the MC. During the luteal phase,
progesterone has been shown to act on the oestrogen-primed endometrium to
promote its differentiation into a secretory, decidualised tissue that is capable of
supporting implantation (Gellersen & Brosens, 2014). During the late-luteal phase, if
no pregnancy occurs, the corpus luteum will break down, leading to a drop in
progesterone and oestrogen levels. The decline in progesterone concentrations
triggers spontaneous decidualisation and subsequently, the breakdown and
shedding of the decidualised endometrial layer, resulting in menstruation (Gellersen
& Brosens, 2014). The commencement of menstruation at the end of the late luteal
phase signals the start of the early-follicular phase of the subsequent cycle (Allen et
al., 2016). For this literature review, the author will focus on the menstrual/early

follicular phase, when menstruation occurs, and MF is lost.
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Women typically experience menstruation for approximately four decades of their
lives, which is more than 50% of their average lifespan (Rohatgi & Dash, 2023). The
first menstruation a woman experiences is known as menarche and typically occurs
2-3 years after the onset of puberty (American Academy of Pediatrics et al., 2006).
In developed countries, such as New Zealand, menarche generally occurs between
12 and 13 years (American Academy of Pediatrics et al., 2006). At the end of their
reproductive years, women will experience menopause. Menopause marks the

cessation of menstruation, typically around 50 years of age (Lobo, 2022).

During their reproductive years, between menarche and menopause, the duration of
menstruation and volume of MFL can vary greatly across individuals. Typically, the
duration of menstruation is between 2 and 8 days (Atsuko et al., 2024). Within the
available research, MFL has been measured both subjectively and objectively. The
research studies that have objectively measured MFL have categorised menstrual
flow as abnormally light (£15.6 g); light (15.7-36.4 g); normal (36.5-96.8 g); heavy
(96.9-166.4 g), and abnormally heavy (=166.5 g) (Atsuko et al., 2024; Hallberg,
Hbégdahl, et al., 1966). From the initial research in this area, heavy menstrual
bleeding (HMB), also previously known as menorrhagia, was defined as menstrual
blood loss (MBL) =2 80 mL per MC (Hallberg, H6gdahl, et al., 1966). However, few
studies have clearly distinguished between MBL, a component of MF, and total MFL,
and as a result, the volumes of MBL reported in the literature have often become
synonymous with MFL. In contrast, subjective assessments of MFL use qualitative

terms such as “light”, “moderate”, or “heavy” based on an individual's perception and

estimation of their MFL.

2.2.2 How Has Menstrual Fluid Loss Been Measured in Previous Research
The measurement of MFL has been a subject of ongoing research since the 1960s,

with various methods used throughout the research field. Previous research on MFL
has emphasised measuring MBL, with a focus on understanding HMB. Studies have
either specifically recruited women presenting with HMB (Fraser et al., 2001;
Gleeson et al., 1993; Gudmundsdottir et al., 2009; Wyatt et al., 2001) or the research
has aimed to investigate the assessment, diagnosis, or treatment of HMB (Gannon
et al., 1996; Hurskainen et al., 1998; Rees, 1991; Reid, 2006; Reid et al., 2000).
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Following a review of the available literature, 20 studies were identified that
objectively measured MFL or MBL. Their methodologies are outlined in Table 2.1,
which is ordered according to the method of fluid collection. Various methods have
been used within previous research to collect and determine MFL volumes.
Specifically, one study has used menstrual cups, one gynaeseals, and 18 used pads
and/or tampons to collect menstrual fluid (MF). The primary methods that have been
used to quantify volumes of components (e.g. blood) in MFL include gravimetric

measurements and the alkaline haematin method (Hallberg & Nilsson, 1964).

Initial studies predominantly focused on measuring or determining MBL.
Subsequently, the use of sanitary pads and tampons to collect MFL, combined with
the alkaline hematin method first described by Hallberg and Nilsson (1964), became
the most common method used to quantify the volume of MBL from the 1960s
through to the early 2000s. For context, the alkaline hematin method involves
extracting dried MF from used sanitary products and measuring haemoglobin
concentration in these samples of MF using alkaline hematin analysis or
spectrophotometry (Hallberg & Nilsson, 1964). This method provides an estimate of
MBL based on the haemoglobin concentration in the extracted sample.

For the measurement of MF, researchers have used gravimetric methods where the
weight of pads and tampons before and after use was recorded, assuming MF had a
specific gravity similar to that of water (1 g = 1 mL). Between 1985 and 2024,
gravimetric measurements were increasingly used by researchers instead of the
alkaline hematin method, indicating a shift toward measuring MFL rather than MBL
alone. Reported mean total MFL volumes across these studies ranged from 48.1 mL
to 350.1 mL per menstrual period. In these studies, the risk of fluid evaporation was
a common limitation of the gravimetric method used to determine MFL, especially
when pads and tampons were used for MF collection, potentially reducing the
reliability of reported MFL results. However, the gravimetric method was evaluated
by Fraser et al. (1985), who found that although fluid loss due to evaporation or to
loss on the inner surface of the bag was highly significant, it would be negligible
relative to MFL. Despite this, in order to minimise evaporation, most studies that
utilised the gravimetric method stored the used sanitary products in airtight, sealed
bags. Interestingly, to help mitigate the risk of evaporation of collected samples,
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Gudmundsdottir et al. (2009) converted MFL into a gel prior to their gravimetric
measurement of MF. However, in their study, they reported an unusually low mean
MFL per menstrual period (51.0 g) compared with previous research, suggesting that
this method may underestimate MFL and may not be a reliable approach for
objectively quantifying MFL. More recently, Donoso et al. (2019) have utilised
menstrual cups, a readily available reusable menstrual product, to provide a direct
measurement of MFL. The menstrual cup method eliminates the need for storage of
used sanitary products, reducing the risk of evaporation, but does not provide an
estimate of MBL,; it only provides a measurement of the entire MF. This limitation
means that direct volume measurements cannot be compared with those from

studies that measured MBL using alkaline hematin methods.

Clear and comprehensive participant instruction is critical for ensuring the accuracy
and consistency of MFL collection. Studies that failed to mention whether
instructions were provided leave uncertainty around data reliability and participant
compliance (Gleeson et al., 1993; Gudmundsdottir et al., 2009; Hallberg & Nilsson,
1964; Higham & Shaw, 1999; Rees, 1991; Reid, 2006; Van Eijkeren et al., 1991). In
contrast, studies that implemented detailed verbal and written instructions
demonstrated higher methodological rigour and participant cooperation. For
example, Fraser et al. (2001), Hurskainen et al. (1998), and Mansfield et al. (2004)
provided thorough instructions, including guidance on the simultaneous use of
tampons and pads, storage guidelines, and the use of menstrual diaries. These
methods are likely to have minimised any loss of MF during data collection and, as a
result, would have improved data accuracy and reliability. Similarly, several studies
emphasised direct guidance through verbal or written materials, helping participants
avoid common mistakes such as improper product storage or fluid loss during
bathing (Chimbira et al., 1980; Donoso et al., 2019; Fraser et al., 1985; Gannon et
al., 1996; Hallberg, H6gdanhl, et al., 1966; Napolitano et al., 2014; Reid et al., 2000;
Wyatt et al., 2001). In contrast, studies such as Levin and Wagner (1986), which
instructed participants to follow their usual habits, may have introduced greater
variability into their MBL results. Overall, 15 out of 20 studies specified standardised
instructions, reducing the risk of data collection and measurement errors. This
enhances the reliability and validity of the findings in these studies that have
quantified MFL and MBL.
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It should be noted that there are various strengths and limitations of MFL
quantification methods. In a clinical setting, the alkaline haematin method is
recognised as impractical for quantifying MBL due to the multiple steps required to
collect and test MF, the length of the process, as well as the invasiveness and
discomfort associated with storing and analysing used sanitary products. Similarly, a
standardised wash method outlined in Gannon et al. (1996) used for the
measurement of MBL may not be appropriate for a clinical setting, as it requires
several additional steps than the alkaline hematin method, making it more
challenging and time-consuming. In a clinical setting, measuring MFL using the
gravimetric or menstrual cup method is simpler, quicker, and less labour-intensive
than the alkaline haematin or standardised wash method. Moreover, these methods
can be carried out in the privacy of the participant's home, providing real-time
results. In addition, these methods may be considered relatively non-invasive, as
they could eliminate the need for MF to be handled or viewed by researchers.
Instead, participants can record their own fluid volume, which further enhances the
method’s convenience. However, no research to date has quantified MBL within
complete samples of MFL, limiting our understanding of what volumes of MFL should
be considered normal or heavy. Although the use of menstrual cups is a promising
alternative for measuring MFL in a clinical setting, the absence of clear clinical
recommendations based on MFL measurements underscores a significant gap in

both research and patient care.

Within the research that has quantified MFL and MBL, leakage of sanitary products
was a common limitation within many studies (Table 2.1). For example, Gleeson et
al. (1993) used Gynaeseals, with their results suggesting that this method was
ineffective for MFL collection, particularly for women with HMB. Specifically, women
within their study who presented with HMB and who tried to extract MF from the
Gynaeseal experienced spillage. It should be noted that Wyatt et al. (2001) were the
only study to quantify extraneous blood loss by asking women to report slight,
moderate, and severe fluid loss when changing sanitary products using three
pictograms that were representative of these volume losses. They reported that after
accounting for extraneous fluid loss, the median MBL for women presenting with
HMB and women in the non-HMB group increased by 60% and 33%, respectively.
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Subsequently, these results may suggest that MBL in previous studies that have not
considered extraneous fluid loss during data collection may be underestimated.
Interestingly, both Donoso et al. (2019) and Hurskainen et al. (1998) included
subjective assessments of leakage within their data collection of MFL. In both
studies, no statistically significant differences in MFL were found between women
reporting significant versus little or low leakage while using a menstrual cup (Donoso
et al., 2019). Similarly, Stewart et al. (2010) found that the menstrual cup users
experienced half as many leakage episodes per menstrual bleed than pad users.
These results could reinforce that menstrual cups, especially more recent products,
may be effective for quantifying MF volumes in both research, clinical, and practical
settings. Regardless, to ensure that the reported MFL is accurate and not
underestimated, researchers need to monitor leakage throughout data collection.
Insights from the available research would suggest that best practice methods for the
MFL include thorough participant education on collection methods, including sanitary
product changes, clotting and flooding episodes, as well as accurate subjective
assessment of leakage. During data collection, maintaining a daily menstrual diary
may be recommended to support this subjective reporting of MFL and leakage. The
addition of these methodological considerations within research is a good practice

for ensuring reliable and accurate data collection.

The measurement of MFL has evolved significantly since the 1960s, shifting from the
alkaline haematin method toward more practical approaches such as gravimetric and
menstrual cup measurements. While gravimetric methods are simpler than the
alkaline haematin method, they still present challenges to MFL determination due to
the fluid evaporation and leakage that can occur during data collection. The use of
menstrual cups provides direct measurement of MFL, and more recent products,
when worn correctly, may have low leakage. However, as noted throughout this
section, clinical recommendations for women who measure their MFL using
menstrual cups remain limited. To date, no research has established what volumes
of MFL, measured via menstrual cups, correlate with HMB or MBL as quantified
using the alkaline hematin method. Nevertheless, research studies that aim to
quantify MFL should include participant education and accurate leakage
assessments to reduce the risk of underreporting and improve the reliability of the

results.
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Table 2.1: Objective Menstrual Fluid Loss Studies

Menstrual Fluid Loss

Reference Population Study Design | Methodology for Fluid Collection # Main Outcome
n, mean age Menstrual
(years) + SD Cycles
or range
Donoso et al. n =28 Prospective - Daily measurement of MFL using a 3 Mean MFL: 86.7 mL
(2019) 24-49 years | observational menstrual cup. (range 15-271 mL)
study - A continuous measurement approach,
day and night, removing the menstrual Mean MFL for nulliparous:
cup every 6-8 hours. 459 mL (15-71 mL)
- Contents emptied into a graduated
measuring tube and the volume was Mean MFL for
recorded on a daily chart. multiparous: 99.1 mL (41—
271 mL)
Gannon et al. n=372 Prospective - MF extracted from used pads and 1 Median MBL: 63.0 mL
(1996) 40, 24-54 observational tampons. (range 2—-808 mL)
years study - The sanitary products from one
menstrual period were processed
together.
- The used sanitary products were
wrapped in aluminium foil before
sealing in a plastic specimen bag and
dropped at the laboratory.
- The sanitary products were washed in a
Smallboy benchtop washing machine
with 10 L of tap water and a non-ionic
detergent, iso-
octylphenoxypolyethoxyethanol.
Fraser et al. n=28 Descriptive, - Gravimetric measurement of pads and 1 Mean MFL: 74.4 + 10.3
(1985) observational, tampons. mL

24




Menstrual Fluid Loss

Reference Population Study Design | Methodology for Fluid Collection # Main Outcome
n, mean age Menstrual
(years) + SD Cycles
or range
Cross- - The sanitary products were stored in Mean MBL: 30.6 £ 6.1 mL
sectional study self-sealing polyethylene bags before
and after use. Women who only used
- Analysis was performed within two- pads mean MFL per day:
three days of the end of the menstrual 17441 mL
bleed.
Women who only used
tampons mean MFL per
day: 156 +1.5mL
Fraser et al. n=53 Prospective - Gravimetric measurement of pads and | 2 Mean MFL for normal
(2001) cohort study tampons assuming specific gravity menses: 48.1 mL (SE 2.3,
equals one. range 14-81.6 mL)
- The sanitary products were stored in
self-sealing polythene bags before and Mean % blood content for
after use. normal menses: 39.4%
- Analysis was performed within three (SE 1.8, range 12-80%)
days of the end of the menstrual period.
Mansfield et al. | n=31 Prospective, - Gravimetric measurement of padsand | 3 The mean menstrual
(2004) 47.6, 38-52 observational tampons assuming specific gravity blood/fluid loss was not
years validation equals one. reported in this study
study - Used sanitary products were placed in
zippered bags immediately after use
and collected by the research assistant
as soon as menstrual bleeding ceased.
Reid (2006) n=115 Prospective - Gravimetric measurement of pads and 1 Mean MFL: 183.5 mL
observational tampons. (range 33.6-611.9 mL)
study
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Menstrual Fluid Loss

Reference

Population
n, mean age
(years) + SD
or range

Study Design

Methodology for Fluid Collection

#
Menstrual
Cycles

Main Outcome

- The modified alkaline haematin method

of Newton et al. (1977) was used to
determine MBL.

- Used sanitary products were collected

in plastic bags, treated with 5% sodium
hydroxide and homogenised using a
Stomacher Lab-Blender.

- The optical density was determined at

550 nm and the volume of menstrual
blood was calculated.

Gudmundsdottir
et al. (2009)

n=113
16-49 years

Developmental
study of an
objective
method

- Gravimetric measurement of pads and

tampons.

- The pads converted liquid menstrual

discharge into a gel to prevent
evaporation.

- Each pad was placed in a plastic,

airtight collection bag and returned to
the laboratory immediately following the
menstrual bleed.

- The total number of used pads in the

protective cover were counted and
weighed in the collection bags.

Mean MFL: 51.0 g
(median 44, range 5-144)

Normal MFL: <110

g/menses

Napolitano et al.
(2014)

n=105
29.9, 2045
years

Prospective
observational
study

- Gravimetric measurement of pads and

tampons.

- Used sanitary products were vacuum

sealed in plastic bags within 2 hours
post use.

Mean MFL for normal
menses: 65.1 £ 52.4 mL
(range 9.5-188.4 mL)

26




Menstrual Fluid Loss

Reference Population Study Design | Methodology for Fluid Collection # Main Outcome
n, mean age Menstrual
(years) + SD Cycles
or range
Mean MFL for HMB: 350.1
+ 138.1 mL (range 189.6—
575.2mL)
Atsuko et al. n=167 Prospective - Gravimetric measurement of menstrual | 3 Mean MFL: 77.6 + 99.6 g
(2024) 18-49 years | observational napkins. (range 15.7-166.4 g)
study
Hallberg and n=2 Prospective - MBL was measured using both pads 12 Mean MBL for participant
Nilsson (1964) observational and tampons following the alkaline 1:9.6+22mL
study haematin method.
- 5% sodium hydroxide was added to the Mean MBL for participant
sanitary products, the sanitary products 2:39.8+7.8mL
were squeezed, filtered and optical
density was measured at 546 nm.
Hallberg, n=476 Prospective - MBL was measured using both pads 1 Mean MBL: 43.4 £ 2.3 mL
Hbégdanhl, et al. observational and tampons following the alkaline
(1966) study haematin method of Hallberg and
Nilsson (1964).
- The used sanitary products were
collected at home in a plastic container
with a tight cover.
- For MBL extraction, 5% sodium
hydroxide was added, the sanitary
products were squeezed, filtered and
optical density was measured at 546
nm.
Chimbira et al. n=92 Prospective - MBL was measured using both sanitary | 2 34% of participants self-
(1980) observational towels and a tampons following the reported as light bleeders
study
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Menstrual Fluid Loss

Reference Population Study Design | Methodology for Fluid Collection # Main Outcome
n, mean age Menstrual
(years) + SD Cycles
or range
alkaline haematin method of Hallberg had a median MBL: 63.0
and Nilsson (1964). mL (range 1-283.0 mL)
For MBL extraction, 5% sodium
hydroxide was added, the sanitary 47% of participants self-
products were squeezed, filtered and reported as heavy had a
optical density was measured at 546 median MBL: 97.0 mL
nm. (range 27—-758.0 mL)
55% of participants self-
reported as medium
bleeders had a median
MBL: 99.0 mL (range 8-
493.0 mL)
Levin and n=8 Cross- MBL was measured using the alkaline 3 days Mean MBL: 0.76 g/h
Wagner (1986) | 22-24 years | sectional, haematin method described by Hallberg
experimental, and Nilsson (1964) and Shaw Jr et al.
descriptive (1972).
study Participants were instructed to maintain

their usual tampon usage.

After removal, tampons were returned
to their numbered containers, sealed,
and brought to the lab the next day for
weighing.

The tampons were cut into small pieces
and placed into individual beakers.
Blood was extracted using a plastic
multiperforated disc plunger, as much
fluid volume as possible was expressed
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Menstrual Fluid Loss

Reference

Population
n, mean age
(years) + SD
or range

Study Design

Methodology for Fluid Collection

#
Menstrual
Cycles

Main Outcome

from the tampon into a graduated
cylinder by a strong manual pressure.
The expressed volume was centrifuged,
and a sample was analysed for
haematin content.

Rees (1991)

n=17
30-45 years

Pilot study

MBL was measured using the alkaline
haematin method described by Hallberg
and Nilsson (1964).

For MBL extraction, 5% sodium
hydroxide was added, the sanitary
products were squeezed, filtered and
optical density was measured at 546
nm.

All participants had MBL
of <80.0 mL (range 15—
60.0 mL)

Van Eijkeren et

al. (1991)

n=11
< 45 years

Prospective
study

MBL was measured using the alkaline
haematin method described by Hallberg
and Nilsson (1964).

For MBL extraction, 5% sodium
hydroxide was added, the sanitary
products were squeezed, filtered and
optical density was measured at 546
nm.

1 day

Mean MBL: 98.0 mL

Gleeson et al.
(1993)

n=22

Observational
study

MBL was measured in two MCs using
the alkaline haematin method described
by Hallberg and Nilsson (1964).

For MBL extraction, 5% sodium
hydroxide was added, the sanitary
products were squeezed, filtered and

Median MBL from the first
two cycles (not using the
gynaeseal) in the normal
group: 26.0 mL (range
15-43.0 mL)
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Menstrual Fluid Loss

Reference Population Study Design | Methodology for Fluid Collection # Main Outcome
n, mean age Menstrual
(years) + SD Cycles
or range
optical density was measured at 546 Median MBL from the first
nm. two cycles (not using the
Gynaeseals were used in the third gynaeseal) in the HMB
cycle. group: 112.0 mL (range
Women with HMB measured their 83-460.0 mL)
losses at home by aspirating the fluid
from the collection chamber into a wide
nozzle syringe.
Hurskainen et n=156 A multicentre MBL was measured using both pads 1 Mean MBL per cycle:
al. (1998) 35-49 years | randomised and a tampons following the alkaline 125.0 mL (range 14-724.0
controlled trial haematin method of Hallberg and mL)
across five Nilsson (1964).
Finnish Sanitary products were collected in tight
university plastic bags and returned after the last
hospitals day of menstrual bleeding.
For MBL extraction, 5% sodium
hydroxide was added, the sanitary
products were squeezed, filtered and
optical density was measured at 546
nm.
Higham and n=254 Prospective MBL was measured using both pads 1-3 Median MBL for women
Shaw (1999) study and tampons following the alkaline who complained of HMB:

haematin method.

5% sodium hydroxide was added to the
sanitary products, the sanitary products
were squeezed, filtered and optical
density was measured at 546 nm.

79.0 mL (8-616.0 mL)

Median MBL for women
with normal menses: 36.0
mL (2.5-288.0 mL)
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Menstrual Fluid Loss

Reference Population Study Design | Methodology for Fluid Collection # Main Outcome
n, mean age Menstrual
(years) + SD Cycles
or range
Reid et al. n=103 A prospective, | - MBL was measured using both pads 1 Mean MBL: 110.1 mL
(2000) 16-47 years | validation and tampons following the alkaline (range 10.2-389.4 mL)
study haematin method of Hallberg and
Nilsson (1964).
- All sanitary products were put in
polythene bags and returned to the
clinic.
- For MBL extraction, 5% sodium
hydroxide was added, the sanitary
products were squeezed, filtered and
optical density was measured at 546
nm.
Wyatt et al. n=108 Prospective - MBL was measured using both pads 1 Median MBL for women
(2001) 25-51 years | study and a tampons following the alkaline presenting with HMB: 68.0

haematin method of Hallberg and
Nilsson (1964).

- For MBL extraction, 5% sodium
hydroxide was added, the sanitary
products were squeezed, filtered and
optical density was measured at 546
nm.

mL (range 8-606.0 mL)

Median MBL for the self-
defined normal controls:
36.0 mL (range 4-184.0
mL)

Median MBL for the HMB
group: 42.0 mL (range 8-
78.0 mL)

Accounting for extraneous
blood loss, the median
total MBL in the HMB
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Menstrual Fluid Loss

Reference Population Study Design | Methodology for Fluid Collection # Main Outcome
n, mean age Menstrual
(years) £ SD Cycles
or range

group: 109.0 mL (range
15-836.0 mL)

Accounting for extraneous
blood loss, the median
total MBL in the control
group: 48.0 mL (range 4-
211.0 mL)

Abbreviations: g, grams; HMB, Heavy Menstrual Bleeding; L, litre; MC, Menstrual Cycle; mL, millilitres; MBL, Menstrual Blood Loss; MF,

Menstrual Fluid; MFL, Menstrual Fluid Loss; nm, nanometres; SD, Standard Deviation; SE, Standard Error.

32




2.2.3 What We Know About Menstrual Fluid Loss

Menstrual fluid is composed of peripheral blood, cervicovaginal secretions, and
endometrial tissue (Yang et al., 2012). Early research by Fraser et al. (1985)
determined that blood, a component of the sample, accounted for approximately
48% of the MFL. A similar finding was reported in a more recent study by Fraser et
al. (2001), with approximately 48% of MF being comprised of blood for women who
were reported to have moderately heavy blood loss (>60 mL), and approximately

50% for women with excessive blood loss (>100 mL) during menstruation.

To date, there are no official clinical recommendations defining what constitutes light,
moderate, or heavy MFL or MBL in grams or millilitres. However, based on the
objective measurements reported by Atsuko et al. (2024), MFL has been categorised
per menstrual period as follows: abnormally light (<15.6 g); light (15.7-36.4 g);
normal (36.5-96.8 g); heavy (96.9-166.4 g), and abnormally heavy (2166.5 g). The
upper normal limit of MBL is typically situated between 60—-80 mL, with MBL
exceeding 80 mL classified as abnormal uterine bleeding/HMB and is considered
pathological (Hallberg, H6gdahl, et al., 1966). A recent study has attempted to
determine the normal limits of MFL during reproductive life using menstrual cups.
Their study proposed that the upper normal limit of MFL should be the 95
percentile, which in this study was equivalent to 162.0 mL for all samples and 169.0
mL for multiparous women (Donoso et al., 2019).

Across studies, there is variation in the mean MFL reported among women. Donoso
et al. (2019), Fraser et al. (1985), and Atsuko et al. (2024) reported comparable MFL
means of 86.7 mL, 74.4 mL, and 77.6 g, respectively. Assuming that 1 mL of MF is
equivalent to 1 g of MF, these results would suggest a good correlation between the
gravimetric method and direct measurement of MF using a menstrual cup for
determining MFL volumes. In contrast, Reid (2006) reported a higher mean MFL
(183.5 mL), likely due to the study's focus on recruiting women who presented or
were diagnosed with HMB. Meanwhile, Gudmundsdottir et al. (2009) reported a low
mean MFL (51.0 g), and as previously mentioned, this may suggest that their
methods, which included the conversion of dried MF to a gel, may not have been an

effective way to objectively measure MFL.

33



Despite collecting MF, many studies have predominantly focused on defining the
volume of MBL during menstruation. Interestingly, the median MBL from 372
participants in Gannon et al. (1996) was 63.0 mL, which is similar to the blood loss
reported for light bleeders in Chimbira et al. (1980) (63.0 mL) and for 61 women
presenting with HMB in Wyatt et al. (2001) (68.0 mL). This previous research
highlights notable variability in MBL between women. It is likely that a range of
lifestyle, physical, and health-related factors may contribute to both inter- and intra-
individual variations in MBL and MFL that have previously been reported.

2.3 Sociodemographic and Lifestyle Factors and Menstrual Fluid Loss

2.3.1 Age
Age has been investigated as a potential factor associated with MFL, although

findings remain mixed. The most common finding across studies has been that MBL
and MFL do not change significantly according to the age of the participant (Atsuko
et al., 2024; Cole et al., 1971; Donoso et al., 2019; Gudmundsdottir et al., 2009;
Hallberg, H6gdahl, et al., 1966; Hallberg, Hogdahl, et al., 1966; Hefnawi et al., 1974,
Jietal, 1981; Ji et al., 1987; Reavey et al., 2021; Rybo, 1966a, 1966b). While other
studies indicate age-related trends, particularly at the extremes of the reproductive
lifespan (Hallberg, Hé6gdahl, et al., 1966; Rybo, 1966a, 1983). However, a lack of
adolescent representation in many studies limits a comprehensive understanding of

how MFL varies across the full reproductive lifespan.

Among premenopausal women, Hallberg, Hogdahl, et al. (1966) found no statistically
significant differences in MBL between the age groups < 25 (28.9 mL), 26-35 (35.4
mL), and 36—45 years (34.1 mL). Although there was a trend toward higher MBL in
the > 45-year group (75.0 mL). However, this trend may have been influenced by
two participants in this older age group presenting with HMB (114.0 mL and 153.0
mL). Regardless, the results from this study did demonstrate a shift toward higher
MBL values in women in the 26—35 and 36—45 year age groups compared to the <
25 year age group. The results of a recent prospective cohort study of 10,618
participants aged 18-23 years, who were followed up every 3—4 years, between
1996 to 2015, support the previous results and reported that the prevalence of HMB
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almost doubled over the 15-year study period as the participants moved into the 37—
42 year age range (Mena et al., 2021). Similarly, in a study of 117 healthy women
aged 18-50 years, Janssen et al. (1997) also reported significantly higher MBL in
women aged 41-49 years (54.5 mL) compared to younger women < 36 years (31—
35 years, 31.1 mL; 26-30 years, 27.0 mL; 19-25 years, 29.8 mL). Additionally, these
authors noted that women with HMB were significantly older than women who did
not report HMB (mean age 35.3 and 30.3 years, respectively). Similarly, Dasharathy
et al. (2012) found that women with heavier MBL were significantly older than those
with light MBL, while Hefnawi et al. (1974) and Higham and Shaw (1999) reported a
positive, statistically insignificant association between age and MBL. Contrary to this
trend, a study of 167 Japanese women aged 18-49 years observed a trend toward a
lower MBL in participants within their 40s, though they too found no significant
differences in menstrual flow volume by age (Atsuko et al., 2024).

At both ends of the reproductive age spectrum, studies have observed that mean
MBL is lowest in the younger age groups and highest in the older age groups. While
showing no statistically significant differences between the age groups and MBL,
Hallberg, H6gdahl, et al. (1966), Rybo (1966a), and Rybo (1983) reported that 15-
year-old participants had the lowest mean MBL or prevalence of HMB, while 50-
year-olds had the highest. However, it has been reported that these findings may
have been influenced by methodological issues. For example, Hallberg, Hogdahl, et
al. (1966) noted that many 15-year-olds did not use tampons, which may have
contributed to greater leakage and underestimated blood loss in that group.
Physiologically, lower MBL among adolescents may be due to an immature
reproductive axis, a younger gynaecological age, and low parity (Hallberg, Hégdahl,
et al., 1966; Rybo, 1983). In contrast, the higher prevalence of HMB in older women
may be attributed to age-related uterine conditions such as fibroids, polyps, and
endometrial hyperplasia, which are more common during the perimenopausal years
and can contribute to increased MFL (Hallberg, H6gdahl, et al., 1966; Rybo, 1983;
Van Voorhis et al., 2008).

While the association between age, MBL, and MFL remains inconclusive, several
studies have observed a consistent trend of increased MBL with advancing age,
particularly during the perimenopausal years. Both physiological and methodological
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factors may contribute to these age-related differences. Therefore, further
standardised research is needed to confirm these findings and better understand the
association between age and MFL.

2.3.2 Ethnicity

The association between ethnicity and MFL has been scarcely researched. To the
best of the author's knowledge, only one prospective cohort study, the BioCycle
study, has investigated the association between ethnicity (e.g. Caucasian, Black,
and Other) and MFL. Results from the BioCycle study demonstrated no significant
association between MFL and ethnicity (Dasharathy et al., 2012). Additional
research in this area is required to provide a holistic understanding of MFL variations
between women globally.

2.3.3 Physical Activity

The association between physical activity (PA) and MFL has been scarcely
researched, with existing studies focusing primarily on subjective MBL rating, self-
reported HMB, and menstrual dysfunctions such as amenorrhoea rather than
variations in MFL. The research conducted by both Dasharathy et al. (2012) and
Hahn et al. (2013) found no significant association between the amount of vigorous
PA or sedentary time and MBL or HMB. Contrary to these findings, a prospective
cohort study by Mena et al. (2021) reported that the prevalence of HMB varied
according to PA level, with the highest prevalence observed among women who
reported no PA (19.9%), compared to those who reported low, moderate, or high PA
(15.5%, 15.3% and 15.6%, respectively). Over the study’s 15-year data collection
and monitoring period, HMB was consistently highest in women in the lowest PA
category, and lowest for those in the highest PA category. Additionally, the cohort of
highly active women had 10% lower odds of experiencing HMB than those who
reported no PA. However, body mass index (BMI) was a confounding factor in this
relationship (Mena et al., 2021).

In contradiction to the previously discussed results, a study conducted by Bruinvels
et al. (2016) using the developed ‘Female Health Questionnaire’ (FHQ) found that
HMB was common among exercisers and elite athletes. The FHQ consisted of
twelve questions, including a combination of free-text and yes/no items. Within the

FHQ, HMB was identified using a four-symptom definition, where participants were

36



considered to have HMB if they met two or more of the following criteria: 1) passing
of large blood clots, 2) requiring double sanitary protection (both towels and
tampons), 3) needing to change sanitary products frequently (changes every two
hours or less, or using >12 sanitary items per menstrual period), and 4) experiencing
flooding through to clothes or bedding (Fraser et al., 2015). Data were collected in
two phases: first, through an online survey of 789 participants recruited via social
media, and second, through face-to-face interviews with 1,073 female runners
registered for the 2015 London Marathon. The results from the study suggested that
35.5% of female London Marathon runners self-reported HMB (Bruinvels et al.,
2016). Runners who reported experiencing HMB were, on average, older than those
who did not experience HMB (Bruinvels et al., 2016). A sub-analysis examining elite
athletes from both recruitment streams found that over one-third (36.7%) met the
criteria for HMB. In a further analysis of HMB and 5 km personal best times, a
significant difference in HMB prevalence was observed, with faster runners being
less likely to report HMB symptoms (Bruinvels et al., 2016). However, no statistically
significant association was found between average weekly exercise volume and

HMB status, suggesting a complex relationship that warrants further investigation.

Interestingly, similar results have been found in a recent cross-sectional study
evaluating 101 high-performance Peruvian athletes, all of whom represented the
Peruvian sports delegation in national and international events. All athletes
participated in an online questionnaire to assess the presence of abnormal uterine
bleeding (AUB) (Querevalu-Pancorbo et al., 2024). The questionnaire included items
to identify AUB according to the International Federation of Gynaecology and
Obstetrics (FIGO) guidelines (Munro et al., 2018), including self-reported MFL
volumes, categorised as “light”, “normal”, or “heavy”. Among the athletes, 25.8%
reported experiencing heavy MFL, while 69.3% and 4.9% reported normal and light
MFL, respectively. Additionally, the study found that among the various parameters
used to define AUB, the most frequently reported abnormalities were the presence of

intermenstrual bleeding and the volume of MFL.

The finding that 25 to 36% of elite athletes may meet the criteria for HMB is
somewhat surprising, given that previous literature typically focused on the

prevalence of amenorrhea and oligomenorrhea in this population, which is often
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associated with energy imbalance and high training loads (Nattiv et al., 2007; Nazem
& Ackerman, 2012). The absence of a significant association between average
weekly exercise volume and the presence of HMB further complicates this
understanding. Amenorrhea, defined as the absence of menses for three or more
consecutive months, is most prevalent in sports that emphasise leanness,
aesthetics, weight categories, or endurance, such as gymnastics, ballet, figure
skating, and running (De Souza & Williams, 2004; Egan et al., 2003; Nattiv et al.,
2007; Nazem & Ackerman, 2012). Rather than supporting the assumption that elite
athletes are more susceptible to menstrual suppression, the findings from Bruinvels
et al. (2016) and recent research suggest that they may also be vulnerable to a wider
range of menstrual disturbances and AUB, including HMB. More research in this
area is needed to better understand the menstrual health challenges faced by both
recreational and elite athletes.

Overall, the association between PA and MFL remains unclear and inconsistent
across the literature. Much of the existing research relies on self-reported
experiences of HMB rather than objectively measured MFL, which limits reliability
and introduces potential bias. This contributes to a significant gap in our
understanding of how MFL may vary with different levels and types of PA. Moreover,
methodological inconsistencies and a lack of control for potential confounding
variables, such as menstrual status, further obscure this relationship. For instance,
reduced MFL in highly active women may reflect menstrual suppression (e.g.
amenorrhea or oligomenorrhea), rather than a direct relationship between exercise
and MFL. As a result, the association between PA and MFL remains poorly defined.
Future research should prioritise objective measurement methods, account for
confounding factors, and consider MC status to clarify this association, particularly in

active and athletic women.

2.4 Body Composition and Anthropometric and Menstrual Fluid Loss

2.4.1 Body Composition Metrics
Body composition refers to the distribution of fat, bone, muscle, and other tissues in
the body (Duren et al., 2008). It can be measured using direct, criterion, and indirect

methods such as anthropometry and bioelectrical impedance analysis (BIA), which
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estimate body composition based on the results from direct or criterion methods
(Duren et al., 2008).

Research findings on the association between self-reported MBL and various
physiological factors, including body composition and anthropometric metrics such
as height, weight, hip size, and BMI, are mixed, with some studies identifying weak
but statistically significant correlations, while others report no clear associations.
Most evidence to date has explored the relationship between BMI categories and
MBL, with BMI categorised as follows: underweight < 18.5 kg/m?, normal weight
18.5-24.9 kg/m?, overweight 25.0-29.9 kg/m?, obese class | 30.0-39.9 kg/m?, and
obese class Il for BMI > 40.0 kg/m?.

Within the studies that have explored associations between BMI| and MBL, Tang et
al. (2020) used a menstrual pictorial-based assessment chart (PBAC) to estimate
MBL and found that MBL varied significantly across BMI categories. Specifically,
they reported that women with obesity had 2.28 times higher odds of having HMB
compared to women with normal weight. However, the odds of higher MBL were not
statistically different between overweight and normal-weight women. In contrast,
underweight women had significantly lower odds of HMB in comparison to women of
normal weight. Furthermore, a 15-year prospective cohort study revealed a positive
relationship between BMI and HMB (Mena et al., 2021). In this research, women
classified as overweight had 15% higher odds of experiencing HMB, while women
with obesity had 37% higher odds compared to those in the under/normal weight
BMI category. The study suggested that women with a higher BMI (> 30 kg/m?) tend
to have elevated oestrogen levels due to peripheral aromatisation of androgens in
adipose tissue. These unopposed and elevated levels of oestrogen are thought to
contribute to increased proliferation of the endometrium, which subsequently is
thought to contribute to heavier MBL (Seif et al., 2015). Additionally, research has
proposed that women with obesity who have higher insulin levels, a common
presentation seen in women with polycystic ovarian syndrome (PCOS), will also
present with lower levels of sex hormone-binding globulin compared to women who
have a normal BMI. The lower levels of sex hormone-binding globulin have been
associated with increased ovarian androgen production, particularly increased
testosterone. This hormonal disruption can interfere with follicle development and

39



lead to increased rates of anovulation. In the absence of ovulation, oestrogen from
the ovaries may be unopposed by progesterone, promoting excessive endometrial
growth and heavier, more prolonged bleeding (Seif et al., 2015). Inference from this
research would suggest that women with obesity are more likely to experience
menstrual abnormalities, including AUB as defined by the updated FIGO guidelines
(Munro et al., 2018).

Additional studies have further reinforced the association between BMI and MBL.
Van Voorhis et al. (2008) identified that a BMI = 30 kg/m? contributed to HMB, while
Hahn et al. (2013) found that HMB prevalence increased consistently across higher
BMI categories compared to women with a normal BMI. In this study, obesity was
associated with a two-fold increase in the prevalence of HMB. Although these
findings should be interpreted with caution, as the participants subjectively reported
their menstrual flow based on the number of sanitary products used per cycle.
Santos et al. (2011) found that, after adjusting for age and education, women with
obesity had a 29% higher probability of reporting HMB compared to women with a
BMI < 24.9 kg/m>?. Similarly, Reavey et al. (2021) using a PBAC reported a weak
positive association between BMI| and MBL, though BMI’s influence remained
borderline significant when adjusting for the presence of fibroids. Subsequently,
these authors proposed that their findings support a mechanism whereby obesity
promotes a pro-inflammatory endometrial environment during menstruation, which

may delay endometrial repair and thereby increase MBL (Reavey et al., 2021).

In comparison to these previously discussed results, Stoegererhecher et al. (2012)
reported that amenorrhea (the absence of menstrual bleeding) was more common in
women with a lower BMI. Within their study that investigated MBL in women using
the levonorgestrel-releasing intrauterine device (LNG-IUD), women with a mean BMI
of 27.6 + 6.5 kg/m? reported a subjective increase in MBL, while those with a mean
BMI of 24.4 + 4.4 kg/m? were more likely to experience amenorrhea. Additionally,
within the study, the number of women who experienced amenorrhea after LNG-IUD
insertion increased with the duration of use and varied by BMI category. Within the
first 6 months of LNG-IUD use, amenorrhea was scarce, with only a few cases
reported, mostly among women with a normal weight and BMI. However, between

six months and two years of use, the number of amenorrhoeic women increased
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gradually, first among those with a normal BMI, with smaller numbers seen in women
who were overweight or classified in obesity class |. After two years of use,
amenorrhea became more common across all BMI categories, with the most notable
increases among women with a normal weight, peaking between 4.1 and 5 years of
use. Women who were overweight or in the obese class | also showed rising
numbers of amenorrhea in the later years of LNG-IUD use, although not to the same
extent as women with normal BMI. In contrast, underweight and obese class |l
women consistently exhibited very low to no levels of amenorrhea throughout the
entire 5-year observation period. These results suggest that while amenorrhea is
common and occurs earlier in women with a normal weight using the LNG-IUD, it
can also develop in women with a higher BMI, given a longer duration of LNG-IUD

use.

Other studies have individually compared height and weight to MBL. Cole et al.
(1971) revealed a weak but statistically significant association between height and
weight and MBL. Since height remains unaffected by age and parity, while weight
fluctuates, the study focused on height as a comparative factor, revealing that across
all groups, short women, under 160 cm, had the lowest MBL. Even after adjusting for
parity, a weak but statistically significant association between height and MBL
remained. The study reported minimal differences between medium-height and tall
women and their volume of MBL. Similarly, Hefnawi et al. (1979) reported statistically
significant positive associations between height, weight, and body surface area with
MBL, suggesting that taller and heavier women had heavier MBL. Ji et al. (1987)
also observed a statistically significant, weak, positive correlation between MBL and
both height and weight among their 421 participants, suggesting that women with
greater height or weight may tend to have higher MBL. Similarly, Higham and Shaw
(1999) also found a weak association between height and MBL; however, within their

cohort of women, weight was not significantly associated with MBL.

Conversely, Hartz et al. (1979) identified a statistically significant difference in weight
between women who self-reported heavy MFL. After adjusting for age and parity, the
mean weight difference between the heavy and normal MFL groups remained
statistically significant (3.95 kg). A weak but statistically significant association was
also observed between obesity and self-reported MFL (normal versus scant flow)
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among younger age groups, though this relationship was not evident in older age
groups, suggesting that age may confound the association between obesity and
subjective MFL. Furthermore, Hartz et al. (1979) investigated the correlation
between past and present weight and MFL, with findings suggesting that prior weight
gain, independent of current weight, may be associated with an increased risk of
HMB. In addition, the study explored individual menstrual abnormalities in relation to
obesity and found a weak association between obesity and self-reported heavy MFL.
While scant menstrual flow was only associated with obesity when it occurred as part
of a syndrome of menstrual disorders, such as oligomenorrhea,
oligohypermenorrhea, oligohypomenorrhea, polycystic ovaries, menorrhagia, or

polymenorrhea.

Contrary to most findings, Atsuko et al. (2024), Donoso et al. (2019), Janssen et al.
(1997), and Dasharathy et al. (2012) all found no significant association between
MFL/MBL and height, weight, or BMI. These conflicting results may be partly
explained by the use of self-reported anthropometric data, which can introduce
reporting bias. Notably, Atsuko et al. (2024) and Janssen et al. (1997) did not specify
how anthropometric measurements were obtained, leaving the reliability of their data

uncertain.

While some research suggests weak but statistically significant correlations between
height, weight, BMI, and MBL, other studies have found no clear associations. These
inconsistencies may be partly attributed to methodological variability and the
frequent reliance on self-reported menstrual data, which can compromise the
accuracy and comparability of findings. Moreover, to the best of the authors'
knowledge, the majority of existing research measured MBL, with most focusing
predominantly on HMB. Within this research, it is noted that women with obesity are
at greater risk of experiencing HMB, possibly due to hormonal imbalances, increased
oestrogen levels, and endometrial dysfunction (Mena et al., 2021; Seif et al., 2015).
However, the absence of research investigating MFL in relation to body composition
highlights a critical gap in the literature and limits our understanding of how MFL may

vary across women within the population.
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Relying solely on anthropometric measures such as height, weight, and BMI may be
misleading, as these metrics can be significantly altered by changes in muscle and
fat mass proportions (Duren et al., 2008). Instead, methods that offer a more
accurate estimation or measurement of metrics such as body fat percentage, lean
body mass, fat mass, BMI, and total body weight may help improve our
understanding of how body composition influences MFL. Therefore, future research
is needed to investigate these associations using objective measurements of MFL

and comprehensive body composition.

2.5 Menstrual Health and Menstrual Fluid Loss

2.5.1 Age of Menarche
Menarche marks a significant milestone in female reproductive development, yet its

association with MFL throughout the reproductive years remains understudied and
poorly understood. Existing research findings are inconsistent, and most studies
have not identified statistically significant associations, leaving the association
between age of menarche and MFL uncertain.

Prospective observational studies have attempted to explore the association
between age of menarche and MBL, though results have been mixed. The BioCycle
study by Dasharathy et al. (2012), which used validated self-report questionnaires to
objectively measure MBL, found that heavier MBL was associated with marginally
earlier menarche (mean 12.5 years), while lighter MBL was associated with a later
menarche (mean 12.9 years). Similarly, Hefnawi et al. (1979), who objectively
measured MBL in a large cohort of 745 participants aged 14—49 years, found a weak
negative correlation between age of menarche and MBL. While not statistically
significant, both studies suggest that earlier menarche might be associated with
higher MBL later in life. Conversely, Napolitano et al. (2014), who objectively
measured MFL, reported a small difference in the mean age of menarche between
women with normal menses, who were marginally older than those with HMB (12.2
and 11.9 years, respectively). Similarly, Ji et al. (1981) also found no meaningful
difference in mean MBL between women whose menarche occurred before or after

the age of 15 years.
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Interestingly, and in contrast to previous research discussed above, Rybo (1966b)
reported that both early (< 12 years) and late (> 15 years) menarche were
associated with higher mean MBL compared to those with a typical age of menarche
between 12 and 15 years. However, it is worth noting that these differences in age of
menarche and MBL were not statistically significant. These findings might suggest a
non-linear relationship between age of menarche and MBL; however, this proposition
remains to be investigated.

Notably, another factor related to menarche that may influence menstrual
characteristics is gynaecological age, an indicator of physiological maturity.
Research suggests that gynaecological age may affect MC regularity, with
individuals of higher gynaecological age typically experiencing more regular cycles,
potentially resulting in more consistent MFL (Harley et al., 2024; Jarvelaid, 2005;
Van Hooff et al., 1998). Gynaecological age (in years) is calculated by subtracting
the age of menarche from the participant's age at the time of data collection.
Although not directly reported by Dasharathy et al. (2012) and Napolitano et al.
(2014), estimates of mean gynaecological age can be derived from their reported
mean age of menarche and mean age at data collection. For instance, based on the
reported mean ages in the BioCycle study (Dasharathy et al., 2012), light bleeders
had a lower gynaecological age (12.7 years) than heavy bleeders (16.6 years).
Similarly, using data from Napolitano et al. (2014), women with normal menstrual
bleeding had a younger gynaecological age (17.7 years) than those with HMB (21.7
years). These findings may suggest that MFL may increase with advancing

gynaecological age, though additional research is needed to verify this proposition.

Overall, while some studies suggest an association between earlier menarche and
higher MFL, the current evidence remains inconclusive. Differences in study results
may be due to differences in methodology, with the more recent studies tending to
use subjective self-report of HMB presence or gravimetric methods, whereas older
studies often relied on the alkaline haematin method, which estimates the quantity of
MBL, a sub-component of MFL. Therefore, future research should objectively
measure MFL and examine the association with age of menarche and or
gynaecological age. Such research would add to the literature and provide
information on whether these menstrual health variables influence total MFL.
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2.5.2 Parity

Parity, defined as the number of pregnancies resulting in live or stillbirths, has been
extensively studied as a factor associated with MFL. Research consistently indicates
that parity is a significant factor associated with MFL (Atsuko et al., 2024; Cole et al.,
1971; Dasharathy et al., 2012; Donoso et al., 2019; Hallberg, Hogdahl, et al., 1966;
Hefnawi et al., 1979; Higham & Shaw, 1999; Janssen et al., 1997; Santos et al.,
2011). Subsequently, researchers have suggested that increased endometrial
surface area and uterine volume after pregnancy may contribute to higher MFL in

parous women (Atsuko et al., 2024).

Several cross-sectional studies have explored the association between parity and
MFL or MBL. Santos et al. (2011) used a standardised pre-coded questionnaire to
collect a subjective assessment of MFL and reported that after adjusting for age,
education, and BMI, women with four or more pregnancies were almost 60% more
likely to experience heavy MFL in comparison to nulliparous women. Conversely, a
more recent study by Reavey et al. (2021), which used a subjective PBAC to
estimate MBL, found no significant association between parity and MBL after
adjusting for BMI and fibroids.

Within prospective observational studies, parity has consistently been found to be
associated with MBL and MFL. In a study that used validated questionnaires to
measure MBL, over two MCs, older, married, and parous women were more likely to
report heavier MBL than younger, non-married nulliparous women (Dasharathy et
al., 2012). In contrast, Hefnawi et al. (1979) found strong correlations between parity
and MBL in all age groups, aside from the 21-25 year age group, where a weak and
statistically insignificant positive correlation was reported. Another prospective
observational study by Donoso et al. (2019), which directly measured MFL with a
menstrual cup, found that multiparous women had significantly higher MFL than
nulliparous women; however, the volume of MFL did not vary significantly with
increasing number of children. Additionally, Atsuko et al. (2024 ) also observed that
parous women had significantly heavier MFL in all age groups compared to
nulliparous women. Similar to the work of Donoso et al. (2019), the authors found
that additional factors related to parity (e.g. postpartum years) did not influence MFL

variations among multiparous women. In contrast to much of this previous research,
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Gudmundsdottir et al. (2009) found no significant differences in MFL between parous
and nulliparous women. Interestingly, both Ji et al. (1987) and Ji et al. (1981) also

found no significant differences in MFL between parous and nulliparous women.

The lack of significant differences in MFL between parous and non-parous women
observed in these three studies may be attributed to methodological limitations. For
example, Gudmundsdottir et al. (2009) converted MFL into a gel before
gravimetrically measuring it, which resulted in an unusually low mean MFL of 51.0 g,
and may have underestimated the MFL of their participants. In contrast, the studies
by Ji et al. (1987) and Ji et al. (1981) are older and likely used dated sanitary
products, which may have had reduced absorption capacity or increased
susceptibility to evaporation. Notably, participants in the study by Ji et al. (1981)
used only sanitary pads and not tampons, which could further affect fluid collection
and measurement accuracy. Given these methodological issues, the findings from
these studies should be interpreted with caution.

Within the research that has found parity to be associated with MFL and MBL, age
may need to be considered a confounding factor. In research that accounted for
women’s age at data collection, parity no longer contributed to HMB. However, when
the age of the individual was not considered a confounding factor, a positive
association between parity and MFL had been reported (Janssen et al., 1997). A
prospective cohort study that objectively measured MBL using the alkaline hematin
method found that, after adjusting for age, the association between parity and MBL
was statistically significant only in women aged 25 years or younger. In this
subgroup, parous women had a mean MBL of 42 mL, compared with 27.4 mL in
nulliparous women (Hallberg, Hogdahl, et al., 1966). A similar trend was observed in
a study by Rybo (1966b), which also objectively measured MBL using the alkaline
hematin method. Within their prospective cohort study, parous women had a higher
mean MBL (45.5 mL) than nulliparous women (38.0 mL), although this difference
was not statistically significant. However, when comparing the age groups, 23-year-
old parous women had a significantly higher mean MBL (47.3 mL) than nulliparous
women (33.5 mL). No significant differences in MBL between parous and nulliparous
women were found in the older age-groups (30, 40, and 45 years). Additionally,
Rybo (1966b) found no significant associations between MBL and factors such as
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childbirth weight, proximity to delivery, number of births, or age of the youngest child.
Cumulatively, these results from previous research would suggest that the influence
of parity on MBL may be more pronounced in younger women.

Further analysis of HMB prevalence within the study by Rybo (1966b) indicated a
higher proportion of HMB among parous women (12.8%) compared to nulliparous
women (9.8%), though this difference was not statistically significant. Additionally, a
separate prospective cohort study by Rybo (1966a) that used a twin study design
(Paper II) to explore hereditary influences on MBL found that twin pairs with differing
parity statuses exhibited greater variability in MBL than twins with the same number
of children. The greatest variance was observed when one twin was parous and the
other nulliparous. The findings from these studies may suggest that both the number
of childbirths and parity itself could influence MBL.

As with many other factors that have been found to influence MFL, differences in
study design likely contribute to the inconsistent findings regarding the association
between parity and MFL. The cross-sectional studies rely on subjective assessments
of MFL, which are more prone to bias and less reliable than objective methods. In
contrast, prospective observational studies that use direct (menstrual cup) or
laboratory-based measurements (alkaline haematin technique) offer more accurate
estimates, yet even among these studies, the results vary, highlighting the need for
further research. Despite this, overall, the majority of studies indicate that MBL
increases with parity. It is evident that age is a common confounder of the
association between parity and MBL and MFL, with several studies reporting that the
association weakens once age is accounted for. Therefore, adjusting for age is
essential when examining the impact of parity on MFL and should be considered in
future research. Furthermore, some evidence indicates that the effect of parity on
MFL and MBL may be more prominent in younger women, suggesting a potential
age-parity interaction. However, this proposal remains to be clarified in future
research studies.

2.5.3 Contraceptives
Hormonal contraceptives (HC) such as oral contraceptives (OC) and hormonal

intrauterine devices (IUDs) suppress endogenous hormone levels, which affect MFL
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patterns and volumes (Bradley & Gueye, 2016). These contraceptives can reduce
MBL through several physiological mechanisms, including suppression of ovulation,
thinning of the endometrial lining, reduced endometrial vascularity, and hormonal
stabilisation (Bradley & Gueye, 2016). As a result of these effects, certain HC

methods, such as combined OCs, can be used to treat HMB.

Conversely, multiple studies have found that women with non-hormonal plastic and
copper IlUDs may experience increased MBL and MFL. Previously, Hefnawi et al.
(1974) compared MBL across different contraceptive methods and found that plastic,
non-hormonal 1UDs significantly increased MBL in the first year of use (mean: 78.0
mL/cycle) compared to copper IUDs (mean: 49.8 mL/cycle), OCs (mean: 20
mL/cycle), and a control group not using any form of contraception (mean: 37.0
mL/cycle). Within their study, OCs were associated with significantly lower MBL in
the first year of use, and copper IUDs had a similar MBL in their first year of use
compared to the control group. Cole et al. (1971) also observed similar significant
differences in MBL based on contraceptive type. These authors reported that women
using an IUD (coil) had a significantly higher mean MBL (56.3 mL) than those using
OCs (12.7 mL) These mean values were also significantly different from the rest of
the population (37.9 mL). Additionally, a cross-sectional study that subjectively
assessed MFL found a higher prevalence of HMB among women not using
contraception (53.9%) and those using an IUD (56.8%), whereas women using a
contraceptive pill or injectable hormones were less likely to report HMB (24.5% and
22.9%, respectively) (Santos et al., 2011). Furthermore, researchers have noted that
the prevalence of HMB may be higher among women not taking OCs (20.0%)
compared to those who do (12.5%) (Mena et al., 2021).

Multiple studies have investigated pre- and post-IUD insertion on MBL and have
reported that MBL tends to increase immediately post-insertion (Andrade et al.,
1979; Guttorm, 1971; Israel et al., 1974; Liedholm et al., 1975). Guttorm (1971)
measured MBL in 20 women pre- and post-plastic IUD insertion, revealing that the
average MBL more than doubled post-insertion, increasing from 35.5 mL to 73.1 mL.
Interestingly, the increase in MBL was found to be greater in those who had normal
or scanty loss prior to the IUD insertion. Additionally, this increase in MBL appeared
to persist over the first 6 months post-insertion, with all menstrual periods having a
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significantly higher MBL than the pre-insertion. Furthermore, Israel et al. (1974)
found that various plastic and copper |IUDs resulted in increased MBL at 6-, 12-, and
18-month post-insertion. Similarly, Liedholm et al. (1975) found that MBL was
significantly increased post-copper IUD insertion, and remained increased for up to
12 months post-insertion. These findings suggest that the change and increase in
MBL is likely to occur with non-hormonal forms of contraception, particularly plastic
and copper IUDs, and may not return to the women'’s pre-insertion MBL levels within

the first 6-12 months post-insertion.

In relation to OC use, Fraser et al. (1985) reported that women using OCs had lower
overall MBL and had a significantly lower proportion of blood in their MF (17.3%)
compared to those not using a form of HCs (35.5%). In contrast, participants using
IUDs had a significantly higher proportion of blood in their MF (56.5%). Similar
results have been reported in an earlier study, where Andrade et al. (1979)
investigated the influence of OC use in women using non-hormonal IUDs. In their
study, women using the combination of the OC and non-hormonal IUD had lower
mean MBL at 3, 6 and 12 months after non-hormonal IUD insertion (59.7 mL, 62.6
mL and 66.6 mL, respectively) compared to the women who were not using the OC
but had a non-hormonal IUD inserted (77.7 mL, 72.0 mL and 72.2 mL, respectively).
While the women using the OC had lower MBL compared to those not using OCs, it
was noted that all women in the study had higher MBL following the insertion of the
non-hormonal IUD. These findings align with existing knowledge that the use of HCs
typically reduces MFL (Bradley & Gueye, 2016).

In summary, substantial evidence indicates that MFL varies across contraceptive
types, with HCs, such as OCs, generally associated with reduced MBL, whereas
IUDs, particularly earlier plastic and copper models, are more frequently linked to
increased MBL and a higher proportion of blood in MF. Notably, heavy MBL is often
observed post-lUD insertion, with several studies demonstrating that these increases
in MBL may persist for at least 6-12 months post-insertion. These findings are based
on both objective and subjective methodologies, many of which were conducted
between 1960 and the 1980s. The contraceptive devices used in this available
research are now obsolete or infrequently used, such as the Dalkon Shield, Lippes
Loop, Copper T 300, and Copper-7. These earlier devices have since been replaced
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with alternatives such as modern levonorgestrel IUDs (Mirena or Jaydess) or modern
copper |IUDs (e.g. TCu 380 Plus Normal, Choice TT380 Standard). Consequently,
while historical research provides foundational insights into the association between
MFL and contraception, further investigation using modern contraceptive methods is
essential to provide updated information on MFL and MBL variations with hormonal
and non-HC use. This will ensure relevant and applicable findings can be

communicated to current populations and used within clinical practice.

2.6 Conclusion

This literature review investigated the understanding of, and methodologies used to
quantify MFL over the last six decades. It has highlighted the multifaceted nature of
MFL and its association with sociodemographic and lifestyle factors, body

composition metrics, and menstrual health.

The review of methodologies used to quantify MFL highlights the strengths and
limitations of various approaches, as well as the importance of accurate and reliable
measurement techniques. Differences in reported MFL and MBL across studies may
reflect variation in measurement approaches rather than true differences in MFL.
After comparing methods used to determine MFL and MBL, it would seem that direct
measurement techniques, such as the use of menstrual cups or gravimetric

methods, are required to accurately determine MFL.

The discussion on sociodemographic and lifestyle factors suggests that age is
significantly associated with MFL, while ethnicity and PA have been scarcely
researched. Body composition, particularly BMI, has been shown to be positively
associated with MFL. To the best of this author’s knowledge, other body composition
metrics such as body fat percentage, lean body mass, and fat mass and their
association with MFL have not yet been investigated. Menstrual health factors,
specifically parity and contraceptive use, play a significant role in influencing MFL,
whereas age of menarche may not be strongly associated with MFL.

Overall, this literature review highlights the complexity of MFL and the numerous
factors that contribute to the inter- and intra-individual variability. While existing
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research provides valuable insights, significant gaps remain in understanding the
precise sociodemographic factors that are associated with variations in MFL.
Confounding factors and inconsistencies in study methodologies highlight the need
for more standardised and objective methods of measuring MFL, along with
improved control of key confounders, to accurately assess these associations.
Future studies should also aim to include more diverse populations to strengthen the
reliability and generalisability of findings to more women. Addressing these gaps will
support a more comprehensive understanding of menstrual health and its broader
implications for women’s health and well-being.
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Chapter 3: Manuscript

3.1 Abstract

Background: Despite menstruation occurring regularly for reproductive-aged
females, the understanding of menstrual fluid loss (MFL) volumes remains limited.
This study aimed to determine the daily and total MFL in healthy menstruating
women and explore associations with sociodemographic factors, body composition,
and menstrual health.

Methods: Menstruating females (n=40; 18—45 years) from Auckland, New Zealand,
participated in a prospective observational study measuring daily and total MFL
using a menstrual cup or disc across one to three consecutive menstrual cycles
(MC). At baseline, questionnaires captured sociodemographic and menstrual health
data, and anthropometric and body composition measurements were taken.
Participant characteristics were summarised descriptively, and MFL groups (light-
medium and medium-heavy) were defined by the sample medium (43.5 g).
Associations between MFL and participant characteristics were explored using
independent samples t-tests, Mann-Whitney U, Fisher-Freeman-Halton exact tests,

Friedman’s ANOVA, and multivariate linear regression.

Results: Median MFL differed significantly across MCs and days one to eight of
menstruation. The medium-heavy MFL group was found to have significantly more
MFL and to subjectively rate their MFL as heavier compared to the light-medium
MFL group. No other significant differences were found between the two MFL
groups. No significant associations were observed between total MFL and
sociodemographic (p = 0.95), body composition (p = 0.98) and menstrual health
factors (p = 0.61).

Conclusion: Menstrual fluid loss exhibited substantial inter- and intra-individual
variability. No significant predictors of MFL variability were identified. These results
highlight the multifactorial nature of menstrual physiology and the need for larger,

more diverse studies using objective measurement methods.
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3.2 Introduction

Menstruation is a fundamental aspect of female health, yet the factors contributing to
both inter- and intra-individual variability in MFL remain underexplored. This outcome
is likely due to menstruation research focusing more on menstrual blood loss (MBL),
a component of menstrual fluid (MF), rather than on total MFL in menstruating
females. In this previous research, MBL has typically been quantified using the
laboratory-based alkaline hematin method first described by Hallberg and Nilsson
(1964). However, this research method for quantifying MBL is impractical for clinical
or large-scale use due to its complex and time-consuming procedure, as well as the
discomfort and invasiveness of storing and analysing used sanitary products
(Donoso et al., 2019). Furthermore, the alkaline hematin method does not capture
the full composition and total volume of MFL, which also contains cervicovaginal

secretions and endometrial tissue (Yang et al., 2012).

Compared to the traditional alkaline hematin method used to estimate MBL, both the
gravimetric and menstrual cup methods are simpler, faster, and less labour-
intensive. These methods are relatively non-invasive and can be conducted in the
privacy of the participant’s home, allowing for real-time, self-directed data collection
without the need for clinical oversight or handling of used menstrual products.
However, gravimetric methods using single-use menstrual products (e.g. menstrual
pads or tampons) carry a risk of fluid evaporation, which can compromise the
accuracy and reliability of the reported MFL volumes. While this loss is considered
negligible in the context of total MFL estimations (Fraser et al., 1985), it remains a
limitation of this research methodology. In contrast, menstrual cups minimise the risk
of fluid evaporation by directly collecting total MFL, offering a more ecologically valid
measurement of total MFL (Donoso et al., 2019). Nonetheless, the use of menstrual
cups only quantifies total MF and does not distinguish between the fluid’s
components, such as menstrual blood or cervicovaginal secretions. As a result,
findings from MFL studies using menstrual cups cannot be directly compared to
studies that have quantified MBL alone.

Despite the potential of menstrual cups to advance research on menstruation, the

absence of established clinical thresholds or guidelines for interpreting MFL volumes
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highlights a significant gap in both the research literature and patient care. Notably,
only one known study to date has used menstrual cups to objectively measure MFL
(Donoso et al., 2019), further emphasising the need for continued investigation. To
date, no studies have quantified MBL within complete samples of MFL, limiting our
understanding of what constitutes normal or heavy MFL volumes and how these
relate to heavy or non-heavy MBL volumes. This information could be valuable for
establishing a practical measure of heavy MFL that could be used to screen for risk

of iron deficiency in menstruating females.

During a female’s reproductive years, MFL and MBL can vary significantly among
and between individuals (Atsuko et al., 2024). Previous research has suggested that
MFL may be influenced by a range of biopsychosocial factors, including lifestyle and
physical characteristics such as body composition and health-related factors (Mena
et al., 2021; Reavey et al., 2021). Sociodemographic factors such as advancing age
may increase MFL (Dasharathy et al., 2012; Mena et al., 2021); however, factors
such as physical activity (PA) present mixed findings of both positive and negative
associations with MFL (Bruinvels et al., 2016; Mena et al., 2021). Research
examining the association between body composition and anthropometry on MFL
volumes remains mixed. While most research suggests statistically significant
positive correlations between height, weight, body mass index (BMI), and MBL
(Hahn et al., 2013; Mena et al., 2021; Reavey et al., 2021; Santos et al., 2011),
others report no clear associations (Atsuko et al., 2024; Dasharathy et al., 2012;
Donoso et al., 2019). However, there is a notable absence of studies examining the
relationship between objectively measured MFL and more precise body composition
metrics such as fat mass, lean body mass, or body fat percentage, highlighting an
important gap in the literature. Finally, whilst parity has been reported to be positively
associated with MFL (Atsuko et al., 2024; Donoso et al., 2019), age of menarche
does not appear to significantly influence MFL (Ji et al., 1981; Napolitano et al.,
2014). Due to the mixed findings and lack of research on MFL, further research

examining biopsychosocial factors in relation to MFL volumes is required.

Therefore, the primary aim of the study was to determine the total and daily MFL in
healthy menstruating women across one to three consecutive MCs using menstrual

discs or cups. The secondary aim included exploring the associations between total
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MFL and (a) sociodemographic and lifestyle variables, (b) body composition metrics,
and (c) menstrual health factors.

3.3 Methodology

3.3.1 Study Design
This study is an observational, prospective cohort study design with data collected
over one to three consecutive MCs.

3.3.2 Participants and Recruitment
Recruitment was conducted through convenience snowball sampling as part of the

Female Health Research Programme at Massey University, Auckland, New Zealand.
Advertisements were distributed via social media platforms (e.g. researchers’
personal pages and community groups), email, flyers, and word of mouth. Potential
participants completed an online screening questionnaire, and if eligible, were
emailed an information sheet and invited to schedule their first laboratory visit
(baseline) with the research officer on the heaviest day of their next menstrual bleed
(days 2 or 3 of their MC). Eligible participants were menstruating women aged 18—45
years. All participants were assigned female sex at birth and were neither pregnant
nor planning to become pregnant during the study period. The present study was
approved by the Health and Disability Ethics Committee, reference number 2023
EXP 19295.

A prior power analysis using G*Power software (3.1.9.7) determined that a minimum
of 36 participants was required for a repeated measures ANOVA with three
measurements, assuming a small effect size (f = 0.25), a statistical power of 0.90,
and a Type | error rate of 0.05. Accounting for 10% withdraw rate, we recruited 40
participants. Data collection was conducted between March 2024 and March 2025.

3.3.3 Data Collection
Prior to baseline data collection, each participant was sent either a Hello Period Ltd.

menstrual cup or disc, with the choice of product selected based on their individual
preference. At the baseline session, participants were again provided with
information about the study to confirm their understanding before they provided their
written informed consent for data collection. Participants then completed a baseline
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demographic and health questionnaire, which collected information on their age,
ethnicity, parity, age of menarche, current and past contraceptive use, frequency and
duration of menstrual bleeding, any diagnosed reproductive or bleeding disorders,
and PA levels. Within the baseline questionnaire, the questions on reproductive
status and menstrual bleeding were adapted from the Reproductive Status
Questionnaire (Schmalenberger et al., 2021) and the Female Health Questionnaire
(Bruinvels et al., 2016). Physical activity levels were assessed using the short form
New Zealand Physical Activity Questionnaire (Moy et al., 2008) and converted into
MET minutes per week (total MET) using the short form International Physical
Activity Questionnaire (Craig et al., 2003). Following the completion of the
questionnaire, participants had their resting blood pressure measured and body

composition assessed via Bioelectrical Impedance Analysis (BIA) (InBody 230).

To conclude the baseline data collection session, participants were provided with a
calibrated digital scale and an MF collection dish and were asked to estimate and
report the anticipated start date of their next menstruation (e.g. their period). Prior to
the onset of their next menstruation, participants were instructed to photograph the
weight of the empty collection dish and their menstrual cup/disk to document the
baseline weight of the dish and menstrual product. At the onset of menstruation,
participants notified the research officer and began data collection. On each day
where MFL was visible, and with each product change, which typically occurred
twice daily (e.g. morning and evening), participants expressed the contents of the
menstrual disc/cup into the collection dish. They recorded the weight of MFL using
the digital scale. A photo of the weight reading was then sent to the research officer
on the same day via an end-to-end encrypted messaging application. Participants
were instructed to submit these photos as close to the time of measurement as
possible. A research officer recorded the data daily upon receipt. Data collection for
each menstruation continued until the weight of the collected MF sample returned to
baseline (e.g. empty dish and product). This procedure was repeated for up to three
consecutive MCs.

Each evening during data collection, participants received a short survey that asked
about menstrual cup/disc leakage experienced that day. The questionnaire was
adapted from the leakage questionnaire developed by Donoso et al. (2019) and was
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used to identify any potential MFL that could influence the accuracy of the recorded
MFL volumes. Participants were asked to indicate whether leakage had occurred
and, if so, to estimate the extent of MFL by selecting one of the three categories:
minimal, moderate, or large. Any recorded leakage was documented accordingly
during daily data collection. While MFL data was not adjusted when leakage was
reported, instances of large leakage were noted in the dataset and considered in the

interpretation of results.

3.3.4 Statistical Analysis
The dataset was reviewed and cleaned prior to being imported into IBM SPSS

Statistics (version 30.0) for analysis. During data cleaning, responses from the MFL
leakage survey were considered, and days in which participants reported substantial
leakage, menstrual cup/disc drops, or malfunctions were excluded from the cleaned
MFL dataset. Of the 455 total days recorded, only 21 responses (4.6%) indicated
substantial leakage, suggesting that substantial leakage for participants in this study
was low. The majority of responses (n=358; 78.7%) reported no leakage or minimal
spotting, while the remaining responses (n=77; 17%) indicated moderate leakage,
defined as the approximate volume contained in one tampon. Additionally,
incomplete cycles were addressed; if a participant did not complete a full cycle, that
cycle was excluded from the total cycle analyses. However, for daily MFL analyses,
valid days within those incomplete cycles were retained and included in the daily

MFL analysis.

Descriptive statistics, including measures of central tendency (mean and median),
and variability (min, max, SD, and IQR), were calculated to summarise total MFL
across valid MCs for each participant and each day of MFL. Data are presented as
mean + SD for normally distributed variables and median with IQR (2575t
percentile) for non-normally distributed variables. The 95" percentile, representing
the upper normal limit for menstrual bleeding as proposed by Donoso et al. (2019),
was calculated, and the proportion of participants with MFL exceeding this threshold

was determined within the overall sample (i.e. across all recorded cycles).

A Friedman’s ANOVA was used to examine differences in median MFL across

cycles and days, which were treated as repeated, related, non-normally distributed
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categorical measures (median MFL per cycle/day). Post-hoc tests were not
conducted for these analyses, as comparing the days and cycles would involve a
large number of pairwise comparisons, increasing the risk of Type | errors. Daily
differences were considered less clinically meaningful than the overall trend across
the cycle.

Participants were categorised into two groups (light-medium and medium-heavy
MFL) based on the sample’s total median MFL. Associations between participant
characteristics and MFL per group were examined. For this analysis, assumptions of
normality and homogeneity of variances were assessed using the Shapiro-Wilk and
Levene’s tests, respectively, and parametric tests were applied only when these
assumptions were met. Independent samples t-tests were used to assess
associations between normally distributed continuous variables (age, age of
menarche, gynaecological age, and body composition measures excluding BMI) and
the two MFL groups. Mann-Whitney U tests were used to assess associations
between non-normally distributed continuous variables (parity, median MFL per
cycle, and BMI) and the two MFL groups. Fisher-Freeman-Halton exact tests were
selected instead of the chi-square test due to low expected cell counts in some
categories and were applied to categorical variables (ethnicity, PA group, HC use,

and subjective MFL description) to assess associations with the two MFL groups.

Three multivariable linear regression models were developed using demographic
and physiological variables collected at baseline to explore factors that contributed to
variability in MFL. The independent variables included in the sociodemographic and
lifestyle model (model one) were gynaecological age (current age—age of menarche),
ethnicity (European and Other (including Maori, Pacific, and Asian)), and PA level,
represented by Z-score total MET. Physical activity (total MET) was converted into a
Z-score to improve the stability of the regression estimates, given the wide range of
values within the sample. The independent variables in the body composition model
(model two) included body fat percentage, while the independent variables in the
menstrual health model (model three) included parity and current HC use (yes/no).
Gynaecological age was selected as a primary variable over age and age of
menarche because it reflects the duration of reproductive experience and
physiological maturity, incorporating information from both age and menarche while
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avoiding multicollinearity in the regression models. To avoid multicollinearity, we
chose one body composition metric from the BIA measures, body fat percentage, as
it differentiates between adiposity and lean tissue. Commonly reported potential
confounders in the literature, parity and gynaecological age, were included as
covariates in all models to adjust for their possible influence on MFL. For each
model, assumptions of linear regression (normality, linearity, homoscedasticity, and
absence of multicollinearity) were assessed. For all data analyses, statistical

significance was set at p < 0.05.

3.4 Results

3.4.1 Participant Characteristics
A total of 40 participants provided data for this study, of which four participants

collected data over one MC, five participants over two MCs, and 31 participants over
three MCs. Three participants withdrew from the study due to individual lifestyle
reasons after completing baseline testing. Post data cleaning, a total of 455 daily
MFL volumes were collected across one to three MCs. From which, 417 days and 96
cycles were analysed in the cycle analyses, and 455 days were analysed in the daily
and linear regression models. Figure 3.1 provides an overview of participant data
collection within the study and the MFL data processing from the initial collection

through to the final dataset used in the statistical analysis.
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Collected Data:
469 MFL days
108 MCs

Cleaned Data:

Excluded Due to Leakage:
455 MFL days

14 MFL Days

108 MCs
I
l |
|
Daily and Linear Cycle Analysis:
Regression Analyses: 417 MFL Days

Figure 3.1 Flow Chart of Participant Data Collection and the Menstrual Fluid Loss
Data Process

Abbreviations: MC, Menstrual Cycle; MFL, Menstrual Fluid Loss.

Of the 40 participants, 39 completed the baseline demographic and health
questionnaire. The participant characteristics for light-medium and medium to heavy
MFL groups are presented in Table 3.1. The majority of the participants identified as
European and were aged between 23 and 41 years old, with a mean age of 32 + 5.1
years. Twenty participants reported no previous pregnancies (52.6%), four were on
HCs (10.3%), and over half reported high PA (61.5%). Menstrual fluid loss ranged
from 0.0 g (in cases of spotting) to 122 g, with a median of 45.3 g. The 95"
percentile of the MFL dataset was 167.0 g.

There was a statistically significant difference in subjective MFL description (p =
0.04) and median MFL per cycle (p < 0.001) between the two MFL groups, with more
women in the medium-heavy group subjectively rating themselves as heavy, and
those in the light-medium group more likely to rate themselves as light. There were
no significant differences in gynaecological age (p = 0.8) or parity (p = 0.9) between
the two MFL groups.
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Table 3.1 Participant Characteristics by Menstrual Fluid Loss Group'

Variable Overall Light-Medium  Medium-Heavy p
n=40 (100%) n=20 (50%) n=20 (50%)
Age (yrs)® 32.0+5.1 314 +5.1 32.6+5.3 0.5°
Min—Max 23.0-41.0 23 - 41 25-40
Missing Data 8 4 4
Ethnicity® 0.59
European 27 (71.1) 14 (77.8) 13 (65.0)
Maori 4 (10.5) 2(11.1) 2 (10.0)
Pacific 2(5.3) 0 (0.0) 2(10.0)
Asian 5(13.2) 2(11.1) 3 (15.0)
Missing Data 2 2 0
PA Category*” 0.6°
Low 7 (17.9) 4(21.1) 3 (15.0)
Moderate 8 (20.5) 5(26.3) 3 (15.0)
High 24 (61.5) 10 (52.6) 14 (70.0)
Missing Data 1 1 0
Age Of Menarche?® 12.8+1.6 12.7+1.5 12.8 +1.7 0.8°
Min—Max 9.0-17.0 9.0-15.0 10.0-17.0
Missing Data 1 1 0
Gynaecological
Age? 19.2+4.9 19.0+4.9 19.5+5.0 0.8°
Min—Max 11.0-27.5 11-27.5 13.0-27.0
Pregnancies® 0.0 (0.0-3.0) 0.0 (0.0-3.0) 0.5 (0.0-2.8) 0.9
Min—Max 0.0-4.0 0.0-4.0 0.0-4.0
HC Use® 0.3¢
Yes 4 (10.3) 3(15.8) 1(5.0)
No 35 (89.7) 16 (84.2) 19 (95.0)
Missing Data 1 1 0
Median MFL Per
Cycle (g)* 45.3 (30.3-65.8) 30.7 (19.4-39.1) 65.5(55.1-83.6) < 0.001
Min—Max 13.2-228.7 13.2-43.2 47.3-228.7
Subjective MFL
Description® 0.049
Scant/Spotting 0 (0.0) 0 (0.0) 0 (0.0)
Light 5(12.8) 4(21.1) 1(5.0)
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Normal 26 (66.7) 14 (73.7) 12 (60.0)

Heavy 8 (20.5) 1(5.3) 7 (35.0)
Missing Data 1 1 0
BMI (kg/m?)*° 23.5(21.2-27.4) 23.2(21.2-26.2) 24.7 (21.3-29.9) 0.47
Min—Max 16.9-41.1 16.9-30.3 18.9-41.1
Body Weight (kg)? 67.2+12.9 65.0 + 10.8 69.3 + 14.6 0.3¢
Min—Max 455-102.7 45.5-83.1 52.2-102.7
Height (cm)? 165.6 + 5.9 166.0 + 6.2 165.2 +5.7 0.7¢
Min—Max 157.0-180.0 157.0-180.0 157.0-180.0
BIA Measures
Muscle Mass (kg)? 25.7+3.5 252+3.7 26.2+3.3 0.4¢
Min—Max 17.8-32.8 17.8-31.8 19.8-32.8
Body fat percent® 29.3+8.3 28.8+6.5 29.8+10.0 0.7¢
Min—Max 14.0-50.2 19.2-44.1 14.0-50.2
#Mean + SD

b n (%)

¢ Median (IQR)

4Independent samples t-test
fMann-Whitney U test

9 Fisher-Freeman-Halton exact test

1 Based on medium total menstrual fluid loss from each cycle (45.3 g)

2 Median total menstrual fluid loss across all participants and cycles

3 BMII categories: underweight < 18.5 kg/m? normal 18.5-24.9 kg/m?; overweight 25.0—
29.9 kg/m?; obesity class | 30.0-39.9 kg/m?; obesity class Il > 40.0 kg/m?

4 PA categories are defined by the IPAQ scoring method

Abbreviations: BIA, Bioelectrical Impedance Analysis; cm, centimetre; HC, hormonal

contraceptive; kg, kilogram; kg/m2, kilogram per square metre; max, maximum; MC,

Menstrual Cycle; min, minimum; mins, minutes; mL, millilitre; n, number of participants; p,

predictive value; PA, Physical Activity; sd, standard deviation; yrs, years.
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3.4.2 Menstrual Fluid Loss Overview
A Friedman’s ANOVA (Table 3.2) showed a statistically significant difference in

median MFL across MCs one, two, and three (y? (1) = 768.0, p < 0.001), indicating

that the median MFL differed significantly between at least two cycles.

Table 3.2 Median Menstrual Fluid Loss (g) for Menstrual Cycles One, Two, and

Three'
Cycle 1 Cycle 2 Cycle 3 p?
Descriptive n=34 n=32 n=30
Median (IQR) 46.5 (27.0— 42.5 (25.3— 47.0 (35.0— < 0.001
65.0) 63.5) 63.0)
Min—Max 10.0-225.1 6.0-208.1 11.0-253.0
aFriedman’s ANOVA

"Only complete valid cycles were used in this analysis
Abbreviations: IQR, Interquartile Range; Max, maximum; Min, minimum; n, number of participants;
p, predictive value.

A second Friedman’s ANOVA (Table 3.3) showed a statistically significant difference
in median MFL across days one to eight (x? (1) = 167.3, p < 0.001), indicating that
the median MFL differed significantly between at least two days during menstruation.
Menstrual fluid loss was consistently heavy on the second day of each MC (median:
17.7 g). The first three days of menstrual bleeding were notably heavier than the
later days of menstruation, where MFL declines and typically ceases by day seven or
eight.
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Table 3.3 Median Daily Menstrual Fluid Loss (g)’

Descriptive Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 p?
n=40 n=40 n=39 n=35 n=25 n=11 n=5 n=1
Median 9.0 17.7 11.0 5.7 3.0 2.7 4.0 2.0 < 0.001
(IQR) | (4.3-14.3) (10.0-26.8) (4.0-15.5) (3.3-12.0) (2.0-6.0) (1.0-5.0) (3.0-13.0) (2.0-2.0)
Min—-Max @ 0.0-40.7 1.0-95.6 1.7-60.7 1.0-22.7 0.0-19.2 1.0-17.0 2.0-13.0 2.0-2.0
Missing Data 0 0 1 5 15 29 35 39
2Friedman’s ANOVA

1 All cleaned days were used in this analysis. Calculated from the mean MFL per day per participant.

2The median of the mean MFL per day per participant.

Abbreviations: IQR, Interquartile Range; Max, maximum; Min, minimum; n, number of participants; p, predictive value.
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3.4.3 Associations Between Menstrual Fluid Loss and Sociodemographic
and Lifestyle Factors

The multivariate linear regression analysis presented in Table 3.4 determined the
association between MFL and sociodemographic and lifestyle factors, including
gynaecological age, ethnicity, physical activity level, and parity. The model was not
statistically significant (F(4,30) = 0.17, p = 0.95) and explained only 3% of the
variance in total MFL (R? = 0.03), indicating that none of the included variables

contributed significantly to predicting MFL.

In this model, the model diagnostics were acceptable (residual plots, Durbin-Watson:
2.21, and variance inflation factor (VIF) mean: 1.47). There was a weak correlation
between pregnancies and gynaecological age seen in the Pearson’s correlation plot
(r=0.62, p < 0.001). However, the VIF indicated that the correlation was not

sufficient to cause concern about multicollinearity.
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Table 3.4 Multivariate Linear Regression Model of Menstrual Fluid Loss (g) and Sociodemographic and Lifestyle Factors

Predictor Variable Coefficient (B) SE (B) 95% CI B Standardised P
Intercept 70.11 38.04 -8.07, 148.30 0.08
Gynaecological age -0.60 1.89 -4.48, 3.28 -0.08 0.75
Ethnicity’ -3.48 15.87 -36.10, 29.15 -0.04 0.83
Z-score total MET? -4.92 7.59 -20.53, 10.69 -0.14 0.52
Pregnancies -0.57 5.83 -12.55, 11.40 -0.03 0.92

n=31 R2=0.03 Adjusted R?=-0.12

1 Reference variable is European compared with other (category with Maori, Pacific and Asian).

2 Physical activity total MET converted into a z-score.

Abbreviations: B, Beta; Cl, Confidence Interval; R?, multiple coefficients of determination; PA, Physical Activity; p, predictive value; SE,

Standard Error.
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3.4.4 Associations Between Menstrual Fluid Loss and Body Composition
The multivariate linear regression analysis presented in Table 3.5 determined the
association between MFL and body composition, including gynaecological age, body
fat percentage, and parity. The model was not statistically significant (F(3,31) = 0.06,
p = 0.98) and explained only 1% of the variance in total MFL (R?=0.01), indicating

that none of the included variables contributed significantly to predicting MFL.

In this model, the model diagnostics were acceptable (residual plots, Durbin-Watson:
2.15, and VIF mean: 1.45).
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Table 3.5 Multivariate Linear Regression Model of Menstrual Fluid Loss (g) and Body Composition

Predictor Variable Coefficient (B) SE (B) 95% CI B Standardised P
Intercept 59.64 35.37 -12.81, 132.08 0.10
Body fat percent -0.02 0.89 -1.84, 1.81 -0.01 0.99
Pregnancies -1.24 5.34 -12.18,9.70 -0.06 0.82
Gynaecological age -0.22 1.69 -3.68, 3.23 -0.03 0.90

n=32 R2=0.01 Adjusted R>=-0.10
Abbreviations: B, Beta; Cl, Confidence Interval; R?, multiple coefficients of determination; PA, Physical Activity; p, predictive value; SE,
Standard Error.
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3.4.5 Associations Between Menstrual Fluid Loss and Menstrual Health
The multivariate linear regression analysis presented in Table 3.6 determined the
association between MFL and menstrual health, including gynaecological age, parity,
and HC use. The model was not statistically significant (F(3,31) = 0.61, p = 0.61) and
explained only 6% of the variance in total MFL (R? = 0.06), indicating that none of the

included variables contributed significantly to predicting MFL.

In this model, the model diagnostics were acceptable (residual plots, Durbin-Watson:
1.99, and VIF mean: 1.48). There was a weak correlation between pregnancies and
gynaecological age across the three Pearson’s correlation plots (r= 0.60-0.62, p <
0.001). However, the VIF values consistently indicated that this level of correlation

was not sufficient to raise concerns about multicollinearity.
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Table 3.6 Multivariate Linear Regression Model of Menstrual Fluid Loss (g) and Menstrual Health

Predictor Variable Coefficient (B) SE (B) 95% CI B Standardised P
Intercept 21.11 41.04 -62.97, 105.18 0.61
Pregnancies 0.42 5.26 -10.35, 11.18 0.02 0.94
Gynaecological age -0.85 1.70 -4.33, 2.62 -0.12 0.62
HC use'’ 25.52 19.88 -15.21, 66.24 0.25 0.21

n=32 R?=0.06 Adjusted R>=-0.04
" Reference variable is “yes” compared with “no”.
Abbreviations: B, Beta; Cl, Confidence Interval; HC, hormonal contraceptive; R?, multiple coefficients of determination; PA, Physical

Activity; p, predictive value; SE, Standard Error.
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3.5 Discussion

The present study aimed to determine daily and total MFL in menstruating women
and whether variations in MFL volumes between women were associated with
sociodemographic and lifestyle factors, body composition, and menstrual health. The
key findings from the analyses include statistically significant differences in median
MFL between consecutive MCs and across days of menstruation. Subjective MFL
was significantly different between objectively classified light-medium and medium-
heavy MFL groups, with more women in the medium-heavy group subjectively rating
themselves as heavy, and those in the light-medium group more likely to rate
themselves as light. No significant associations were observed between MFL and

sociodemographic and lifestyle, body composition, and menstrual health factors.

3.5.1 Menstrual Fluid Loss Overview
The results from the present study indicated that median MFL may differ significantly

between consecutive MCs and between menstruation days one to eight.
Subsequently, it may be expected that in healthy and regularly menstruating women,
median MFL can differ significantly between at least two consecutive MCs and
between at least two menstruating days. The observed daily variation in MFL aligns
with previous research that has also reported that the second day of menstruation is
typically the heaviest (Atsuko et al., 2024). Cumulatively, the results from the current
study and those of previous research reiterate that MFL is heaviest within the first
couple of days of the MC. Following this, MFL will gradually decline thereafter,

typically ceasing by day seven or eight.

Interestingly, despite daily and cycle MFL variations, the median total MFL in the
present study (45.3 g) was observed to be within the normal range of MFL proposed
by Atsuko et al. (2024) (36.5-96.8 g). As the current study sample comprised of
healthy, regularly menstruating women, this finding of participants generally
exhibiting physiologically normal menstrual bleeding, as described by previous
research, is somewhat expected. Despite this, comparable studies that have used
menstrual cups to measure MFL have reported higher MFL volumes than those
reported in the present study. Specifically, Donoso et al. (2019) observed a median
MFL of 81 mL among 28 women aged 24—49 years old. Moreover, assuming that 1
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mL of MF is equivalent to 1 g of MF, studies that have used the gravimetric method
to estimate MFL (Atsuko et al., 2024; Fraser et al., 1985) have also reported higher
mean MFL values than those presented in the present study (74.4 mL and 77.6 g,
respectively). Thus, the reported MFL volumes within previous research studies are
consistently higher than those observed in the present study. However, it is worth
noting that the differences observed in average MFL between studies may reflect
variations in participant characteristics, such as parity or menstrual cup use
experience, both of which have been shown to influence MFL (Atsuko et al., 2024;
Donoso et al., 2019; Stewart et al., 2010). For example, in the present study, 48% of
participants were multiparous compared with 79% in Donoso et al. (2019), who
reported parity was found to be associated with greater MFL. Nonetheless, it is worth
noting that there is limited research on total MFL in healthy, regularly menstruating
women. Defining clinically meaningful thresholds of MFL (e.g. normal, heavy)

remains an area in need of further investigation.

Despite differences in medium MFL values between the current study and previous
research, heavy MFL values appear to be similar. Within the present study, the 95™
percentile for MFL was 167.0 g. This result closely aligns with Donoso et al. (2019),
who proposed the 95" percentile as the upper limit of normal MFL, which was 162.0
mL for their whole sample and 169.0 mL for multiparous women. These values of
MFL also closely correspond to the threshold for abnormally heavy MFL as proposed
by Atsuko et al. (2024) (= 166.5 g). Interestingly, Donoso et al. (2019) suggested that
with approximately 50% of total MFL comprising of blood, the upper normal limit of
MFL in their cohort (162.0 mL) would equate to around 80 mL of blood. This estimate
was based on earlier work by Fraser et al. (2001), who reported that menstrual blood
typically accounts for about 50% of total MFL. Furthermore, this estimated MBL
value within the upper limit of MFL would then align with the traditional upper limit for
normal MBL (80 mL), as proposed by Hallberg, Hégdahl, et al. (1966). Subsequently,
it may be suggested that HMB may be estimated from direct MFL. However, before
this is considered to be a reliable recommendation, more research is required in
larger samples of menstruating women to verify the value of the 95" percentile of
MFL during menstruation. Additionally, future research needs to consider the direct
quantification of MBL within whole MFL samples, which to date has not yet been
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completed, in research using ecologically valid methods, such as menstrual cups or
discs.

A significant association was observed between participants’ subjective descriptions
of MFL and their objectively measured MFL group. Specifically, participants in this
study who perceived their MFL as heavy generally had higher objectively measured
MFL. However, the majority (66.7%) of participants described their MFL as “normal”,
including 60% of those in the medium-heavy MFL group. This aligns with previous
research that has reported that participants may underestimate or normalise heavier
MFL Hallberg, Hogdahl, et al. (1966). Specifically, Hallberg, H6gdahl, et al. (1966)
found substantial misperception, with more than 40% of participants who exceeded
the 80 mL HMB threshold describing their bleeding as “moderate” or “small”. This
underestimation of MFL may result from low menstrual health literacy and limited
awareness of what constitutes HMB (Damian et al., 2019; Fletcher, 2023). Recent
studies have reported persistent gaps in menstrual health knowledge, particularly in
key clinical areas such as the threshold for HMB, of which 51.7% of women were
unaware of (Fletcher, 2023). In addition, 52.5% of women misreported on the typical
duration and volume of menstruation (Damian et al., 2019). Collectively, these
findings may suggest that gaps or low awareness in regard to menstrual health
literacy may contribute to a poor understanding or awareness of HMB. This low
menstrual health literacy may perpetuate poor health-seeking behaviours when
experiencing HMB, as previous research has reported that menstruating women
tend to endure HMB for an average of five years before receiving effective treatment
(Warner et al., 2021). However, the association between subjective MFL, objective
MFL, menstrual health literacy and health-seeking behaviours requires further
research to verify this proposition.

3.5.2 Associations Between Menstrual Fluid Loss and Sociodemographic
and Lifestyle Factors

Previous research has demonstrated that sociodemographic and lifestyle factors
such as age (Atsuko et al., 2024) and PA level (Mena et al., 2021) may be
associated with total MFL. Within the present study, factors such as ethnicity and PA

level explained little of the variation in MFL (total or daily) among the participants.
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Specifically, within our cohort of healthy menstruating women, no significant
difference in age was observed between the light-medium (31.4 years) and medium-
heavy (32.6 years) MFL groups, suggesting that age was not associated with total
MFL. This finding is consistent with much of the existing literature, which reports no
significant age-related changes in MBL or MFL (Atsuko et al., 2024; Donoso et al.,
2019). However, it is worth noting that these studies, including the present one,
included participants of similar age (32—36 years old), so age-related differences
may not be expected. Similarly, no significant association was found between
ethnicity and MFL, which is consistent with findings from the BioCycle study
(Dasharathy et al., 2012). However, the large proportion of European participants
(71.1%) in the present study is a significant sampling bias that currently limits the
generalisability of these results to women from diverse ethnic groups. Future MFL
research should incorporate more ethnically diverse samples to thoroughly explore
potential ethnic differences in MFL. Of note, within the current study, PA level also
showed no significant association with total MFL. This finding is consistent with
previous research, which reported no significant association between the amount of
vigorous PA or sedentary time and MBL or HMB (Dasharathy et al., 2012; Hahn et
al., 2013). However, these findings contrast with other studies, which have reported
that the prevalence of HMB varies according to PA level (Mena et al., 2021) and that
HMB is common among exercisers and elite athletes (Bruinvels et al., 2016).
Interestingly, within the present study, participants who were classified as highly
active (61.5%) accounted for 70% of the medium-heavy MFL group, suggesting a
potential trend consistent with previous research indicating that HMB is common
among regular and highly active exercisers (Bruinvels et al., 2016). Given that much
of the existing literature relies on self-reported bleeding rather than objectively
measured MFL, as assessed in the current study, future research may consider
quantifying both PA and MFL objectively to determine the association between PA

and the risk of HMB in menstruating females.

3.5.3 Associations Between Menstrual Fluid Loss and Body Composition
Analysis of body composition, including body fat percentage, revealed no significant
associations with MFL. In the current study, participants’ mean body fat percentage

was 29.3%, with no significant difference observed between the light-medium and
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medium-heavy MFL groups. Moreover, the median BMI of 23.5 kg/m? also showed
no significant differences between groups. However, a higher proportion of
participants in the medium-heavy MFL group were classified as obese (> 30.0 kg/m?;
25.0% vs 5.0%). This may suggest a possible trend toward higher MFL among
participants with higher BMI or adiposity, although this did not reach statistical
significance. Within the available literature, most existing research examining the
association between body composition and MFL has focused solely on MBL and
HMB, often relying on anthropometric measures alone, which do not distinguish
between fat and lean mass (Duren et al., 2008). Subsequently, findings have been
inconsistent, with some studies reporting a positive association between BMI
categories and MBL (Mena et al., 2021; Tang et al., 2020), while others have found
no clear associations (Atsuko et al., 2024; Donoso et al., 2019). The trends observed
in the present study, in which a greater proportion of medium-heavy MFL participants
were classified as obese, are broadly consistent with previous findings, although, as
in most previous research, the association was not statistically significant. In contrast
to previous literature, the present study, using body fat percentage, provides a more
precise approach to examining body composition and ecologically valid MFL
variations. Future research should continue to use objective measures of MFL and
body composition measures (e.g. BIA or DEXA) to better understand the potential
influence of adiposity and body composition on MFL across the reproductive
lifespan.

3.5.4 Associations Between Menstrual Fluid Loss and Menstrual Health
Menstrual health characteristics, including parity (Donoso et al., 2019), age of
menarche (Dasharathy et al., 2012), gynaecological age (Napolitano et al., 2014),
and contraceptive use (Fraser et al., 1985), have been frequently associated with
variations in MBL and MFL. However, findings from the present study indicate that
these variables did not significantly predict MFL. Within the current study, no
significant associations were observed between the number of pregnancies and total
MFL or MFL group. However, findings from the present study indicate that these
variables did not significantly predict MFL. Among the three regression models,
menstrual health variables collectively explained the greatest proportion of variance
in total MFL (6%), compared with sociodemographic and lifestyle (3%) and body

75



composition (1%) factors. Despite this, no significant associations were observed
between the number of pregnancies and total MFL or MFL group. However, the
median MFL was slightly higher among parous participants (52.0 g) than among
nulliparous participants (45.3 g), though substantial individual variability was
observed. These findings contradict previous research that has generally indicated
that parity is significantly and positively associated with MFL (Atsuko et al., 2024;
Dasharathy et al., 2012). Previously, Donoso et al. (2019) reported significantly
higher MFL among parous women (93.0 mL) than among nulliparous women (45.9
mL). However, it should be noted that the participant cohort in Donoso et al. (2019)
included a higher proportion of multiparous participants (79%) than the present study
(48%), which may partly explain the higher MFL values and the association between
MFL and parity observed. The increase in MFL with parity and in multiparous women
has been proposed to be due to physiological adaptations following pregnancy, such
as increased uterine volume and endometrial surface area (Atsuko et al., 2024). The
absence of a significant association in the present study may therefore reflect
differing participant characteristics, such as the relatively large proportion of
nulliparous participants in the current sample. Future MFL research should continue
to consider parity when examining variations between women, to provide a more
comprehensive understanding of how MFL may differ according to parity status in

menstruating women.

The mean age of menarche among participants in the present study was 12.8 years
and did not differ significantly between MFL groups. However, within the medium-
heavy MFL group, a higher age range of menarche (10.0-17.0 years) was reported
compared with the light-medium MFL group (9.0-15.0 years). Whilst not a significant
finding of the current study, Dasharathy et al. (2012) and Hefnawi et al. (1979)
observed a trend toward higher MBL among individuals with earlier menarche,
although these associations were also not statistically significant. Overall, most
existing research findings are inconsistent, leaving the association between age of
menarche and MFL uncertain. Future research should further explore the potential
association between age of menarche and MFL to clarify its influence on total MFL.
Additionally, no significant difference was observed between gynaecological age and
the MFL groups. Previously, Dasharathy et al. (2012) and Napolitano et al. (2014)
reported that women with normal or light menstrual bleeding had a younger
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gynaecological age (12.7 and 17.7 years, respectively) compared with those
experiencing HMB (16.6 and 21.7 years, respectively). These results would suggest
a positive relationship between gynaecological age and MFL, particularly when
women are perimenopausal and have a higher gynaecological age (Dasharathy et
al., 2012; Mena et al., 2021). However, previous research has also suggested that
gynaecological age influences MC regularity, with older gynaecological age
associated with more regular cycles and potentially more consistent MFL (Harley et
al., 2024). This would align with the results of the current study, where participants
had a mean gynaecological age of 19.2 years, with similar values observed across
MFL groups (light-medium: 19.0 years, medium-heavy: 19.5 years). The participants
within this study may be considered to be at a relatively mature stage of reproductive
life, during which menstrual patterns and MFL may be consistent. In addition, despite
having a mature gynaecological age, the majority of participants were in their early
thirties, and thus are not likely to have entered into perimenopause. Cumulatively,
this may potentially explain the absence of a significant association between

gynaecological age and MFL within this sample.

Previous research consistently indicates that HCs influence menstrual patterns, often
reducing or even suppressing MFL (Bradley & Gueye, 2016), which aligns with the
present study’s findings of a higher proportion of HC users in the light-medium MFL
group (15.8%) compared with the medium-heavy group (5.0%). In this study, four
participants (10.3%) reported using HCs at the time of data collection. However, the
small proportion of HC users resulted in an inability to determine a significant
association between HC use and MFL variations. Substantial previous evidence also
indicates that MFL varies across contraceptive types, with hormonal methods such
as OCs generally associated with reduced MBL and non-hormonal IUDs more
frequently associated with increased MBL and a higher proportion of blood in MF
(Fraser et al., 1985; Hefnawi et al., 1974). However, the majority of the available
research examining MFL in relation to contraceptive use is dated, with most studies
conducted between 1971 and 1985 and only a few published in the 2000s (Cole et
al., 1971; Fraser et al., 1985; Mena et al., 2021). Consequently, while historical
research provides foundational insights into the association between MFL and
contraception, further investigations using modern contraceptive methods and larger
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cohorts of participants are needed to clarify how modern hormonal and non-HCs
influence MFL.

3.5.5 Conclusion

The present study is among the first to quantify total MFL using menstrual cups and
discs, and to explore its associations with sociodemographic and lifestyle, body
composition, and menstrual health factors. Findings revealed significant variation in
MFL between and within MCs, with the heaviest bleeding consistently occurring on
the second day and declining thereafter. The median total MFL observed fell within
the proposed physiologically normal range, and the 95th percentile value closely
aligned with previously reported upper limits of normal menstrual bleeding.

No significant associations were found between total MFL and sociodemographic
and lifestyle, body composition, or menstrual health variables. While previous
research suggests that factors such as age, parity, BMI, and HC use influence MBL
and MFL, these associations were not evident in the present sample. These results
may be due to small stratified sample sizes in each subgroup, a relatively
homogenous participant cohort, a limited number of contraceptive users, and a

predominance of multiparous women.

In summary, the present study contributes to the current understanding of menstrual
fluid dynamics and supports the use of the menstrual cup as a valid tool for
quantifying MFL. The findings underscore the substantial inter- and intra-individual
variability in MFL, reflecting the complex, multifactorial nature of menstrual
physiology, even though the independent variables were not significant predictors
within this sample. Future research should include larger, more diverse samples
(e.g. ethnic groups and ages), detailed contraceptive profiling, and consistent
methodological approaches to establish reference ranges and clarify the
determinants of MFL variation. Such efforts could help to improve menstrual health
literacy and contribute to more individualised, evidence-based approaches to

menstrual care.

78



Chapter 4: Conclusion and Recommendations

4.1 Overview and Achievement of Study Aims and Objectives
The present study aimed to determine the daily and total menstrual fluid loss (MFL)
in menstruating New Zealand women and to examine whether MFL was associated

with sociodemographic and lifestyle, body composition, and menstrual health factors.

The first objective was to quantify daily and total MFL and to assess variability during
menstruation. It was hypothesised that there would be significant differences in daily
MFL among menstruating women. The findings of this study support this hypothesis,
revealing significant differences in median MFL across MCs and days one to eight of
menstruation. Within this study, MFL peaked on day two and gradually declined until
cessation by day seven or eight. A significant association was also observed
between subjective MFL descriptions and light-medium and medium-heavy MFL
groups, indicating that those who perceived their MFL as heavy generally had higher
measured MFL.

The second objective was to explore associations between MFL and
sociodemographic and lifestyle factors, including age, ethnicity, and physical activity
(PA) level. It was hypothesised that total MFL would be positively associated with
age, and that women with higher levels of PA would experience lower MFL than
those with lower PA levels. However, the findings did not support these hypotheses,
as no significant associations were observed between total MFL or MFL groups and
sociodemographic and lifestyle factors, specifically age, ethnicity, and PA level.

The third objective was to explore associations between MFL and body composition
using bioimpedance and anthropometric measures, including body fat percentage. It
was hypothesised that total MFL would be positively associated with body fat
percentage. However, the findings did not support this hypothesis, as no significant
association was observed between total MFL or MFL groups and body composition,

specifically body fat percentage.
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The fourth objective was to examine menstrual health-related factors, including
parity, gynaecological age, and hormonal contraceptives (HC). It was hypothesised
that parous women would experience higher MFL than nulliparous women, and that
HC users would experience significantly lower MFL than non-HC users. These
hypotheses were also not supported, as no significant association was observed
between total MFL or MFL groups and menstrual health factors, specifically parity,
gynaecological age, and HCs.

Overall, while the present study confirmed the hypothesis that daily MFL differs
significantly across menstruation, the findings did not support the proposed
associations between total or group MFL and sociodemographic and lifestyle, body

composition, or menstrual health factors.

4.2 Strengths and Limitations

To the best of the author’s knowledge, the present study is the second study to
quantify total MFL using menstrual cups/discs. Unlike most previous research, which
has predominantly examined menstrual blood loss (MBL), the present study
measured both the total volume of MFL and its variation across MCs, days of
menstruation, and between participants. This approach enhances ecological validity
by capturing menstrual fluid (MF) dynamics under natural conditions. Specifically,
reusable products such as menstrual cups and discs offer a direct, reliable, and less
labour-intensive alternative to traditional MFL and MBL quantification methods. They
enable at-home data collection, in real-time, that is non-invasive, eliminating the
need to store used sanitary products. Subsequently, this reduces the risk of fluid
evaporation, which was a common limitation of gravimetric methods (Fraser et al.,
1985). Using photographic evidence of scale weights, rather than MFL itself, not only
improves the accuracy of reporting and data collection but also preserves participant
privacy, minimises discomfort, and likely contributed to the study’s low attrition rate
(7.0%), reflecting strong participant retention.

Leakage of MFL is another common limitation in MFL and MBL research (Donoso et
al., 2019; Wyatt et al., 2001). To address this, the present study incorporated daily
MFL leakage surveys, similar to Donoso et al. (2019), providing contextual
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information for the interpretation of MFL results. While Wyatt et al. (2001) reported
that quantifying and accounting for extraneous blood loss increased median MBL
estimates by up to 60% among women presenting with heavy menstrual bleeding
(HMB), MFL leakage was not quantified in the present study, as participants reported
minimal leakage. Only 4.6% (n=21) of total responses reported substantial leakage,
while the majority (n=358; 78.7%) reported no leakage or minimal spotting.
Consequently, reported leakage was not used to adjust MFL volumes. Instead, days
in which participants reported substantial leakage, device drops, or malfunctions
were excluded during data cleaning to preserve data integrity. This approach
prioritised data integrity by excluding compromised observations rather than
subjectively estimating fluid leakage.

Although menstrual cups provide a promising advancement for measuring MFL, their
wider use in research and clinical practice is constrained by the lack of standardised
guidelines and reference ranges. To the best of the author’s knowledge, only one
other study has quantified total MFL using menstrual cups (Donoso et al., 2019).
Therefore, clinical guidance for interpreting MFL measurements remains limited, as
research has not yet established how MFL volumes correspond to the thresholds for
HMB or MBL as quantified using traditional research methods. This lack of
standardisation constrains understanding of total MFL and may contribute to low
awareness among women regarding their own menstrual volumes, as subjective
perception often serves as the primary reference point. This was evident in the
present study, where 60% of women in the medium-heavy MFL group described
their MFL as “normal”. Without objective data or clinical guidelines, these
perceptions may be inaccurate, potentially leading to undiagnosed abnormal uterine
bleeding (AUB), including HMB and amenorrhea (Munro et al., 2018).

4.3 Recommendations
The following recommendations are informed by the study findings and the
limitations acknowledged within this research.

4.3.1 Recommendations for Healthcare Professionals
e Promote Awareness of Individual Variability in Menstrual Fluid Loss:
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The observed inter- and intra-individual MFL variability highlights the
importance of recognising that MFL differs between and within individuals.
Clinicians should normalise this variation when discussing menstrual health to
help distinguish physiological variability from AUB, such as HMB and
amenorrhea. Recognising this variability also supports the need for an
individualised and holistic approach when assessing menstrual symptoms or
suspected AUB, and reinforces the urgent need for improved menstrual
education and support as proposed by Musulin et al. (2025).

Encourage Subjective Awareness of Menstrual Fluid Loss:

Given that the majority of participants with medium-heavy MFL in the present
study perceived their MFL as “normal”, clinicians should encourage women to
monitor their menstrual patterns. This can be achieved through visual
assessments or tracking apps, which have been shown to enhance women'’s
health literacy, reduce stigma, and support self-management (Eschler et al.,
2019; Musulin et al., 2025). Such practices can facilitate more informed
discussions about MC regularity, HMB, and changes in MFL over time. This
may be particularly important for women who are prone to iron deficiency.
Promoting awareness and self-monitoring will not only empower women to
better understand their own menstrual health but also help normalise
conversations around menstruation and women’s health (Musulin et al.,
2025). Furthermore, research indicates that self-advocacy in healthcare leads
to improved health outcomes (Ruggiano et al., 2016). Therefore, encouraging
women to actively track and understand their menstruation is an important
step toward improving menstrual health literacy and awareness of HMB,
which is a risk factor for iron deficiency (Napolitano et al., 2014).

4.3.2 Recommendations for Future Research

Validation of Measurement Methods:

Future research is needed to validate menstrual cup measurements against
traditional MFL and MBL quantification methods and to establish clinically
meaningful MFL thresholds that align with existing definitions of MBL and
HMB. Establishing these reference values will provide a foundation for clinical
guidelines and improve diagnostic accuracy for conditions such as HMVB.
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Contraceptive Profiling:

Future research should quantify MFL using ecologically valid methods, such
as menstrual cups or discs, among women using modern contraceptives. As
most contraceptive methods assessed in the existing literature are dated,
including a wider range of modern contraceptive methods would enable a
more comprehensive understanding of their associations with MFL.
Establishment of Reference Values:

Large-scale, longitudinal studies on diverse populations are required to
determine MFL variations across the reproductive lifespan. For example, by
tracking participants’ MFL in adolescent and perimenopausal women. This
research would enhance the generalisability of findings and support the
development of MFL reference values in relation to age.
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