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CHAPTER 53

Practice Note: ‘If Only All Women
Menstruated Exactly Two Weeks Ago’:
Interdisciplinary Challenges and Experiences
of Capturing Hormonal Variation Across
the Menstrual Cycle

Lauren C. Houglhton and Noémie Elhadad

Menstrual health is important in its own right, but menstrual characteristics,
including the signs and symptoms that accompany the cycle and their
underlying hormonal patterns, are also risk factors for chronic discases such
as breast cancer and endometriosis, two diseases to which we have dedicated
our own research careers. One such risk factor for both diseases is carly age
at menarche (Bodicoat et al. 2014; Parazzini et al. 2017). When one of us
got her first period at age 12.11 years (LCH knows her exact age because
it was on Christmas Eve), she was ashamed. Now 24 years and 288 men-
strual cycles later, she has personally interviewed over 1000 girls and women
about their menstrual cycles and the shame has subsided (Houghton et al.
2014, 2018, 2019). When the other got her first period at age 13.9 years, she
soon realized that periods were going to play a painful part of her life. She
was later diagnosed with endometriosis and has since designed technology
to give a voice to women living with endometriosis (McKillop, Mamykina,
and Elhadad 2018; Urteaga etal. 2018). Since their first periods, secular
changes in societal views have also been dramatic: Teenage girls are coding
their own video games “to rid the world of the menstrual taboo” (“Tampon
Run,” n.d.), governments are passing “Menstrual Equity” legislation (Zraick
2018), and women downloading period tracking apps have made them the
second most used health app (PRIORI DATA). These societal and techno-
logical changes have also changed the way we and other anthropologists,
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epidemiologists, and data scientists interested in characterizing hormonal var-
iation in menstrual patterns conduct menstruation research.

Anthropologists have been instrumental in demonstrating that there is
global variation in menstruation, its timing across the life course, the cul-
tural practices surrounding it, and the underlying hormones that regulate
it. Starting in the 1980s, biological anthropologists went to the field in var-
ious populations and compared menstrual cycles among women living in
vastly different ecological contexts with starkly different norms surrounding
reproductive timing. They demonstrated that the Dogon women of West
Africa menstruate three times less than American and European women in
their lifetime (Strassmann 1999). This dramatic difference in lifetime num-
ber of menstrual cycles is explained by the later age at menarche, earlier age
at first pregnancy, higher parity, and earlier age at menopause in the Dogon
women.

The variation in number of lifetime menstrual cycles is also reflected in
underlying variation in reproductive hormones. For example, the overall pat-
tern of progesterone across the menstrual cycle is similar among American,
Polish, Lese, and Nepali women, with levels low and flat during the follicu-
lar phase (days 1-14), rising during ovulation (day 14), peaking during the
mid-luteal phase (day 21), and slowly declining in the late luteal phase until
day 28. However, the absolute levels of hormone at each of these phases is
three-fold higher in American and Polish women compared to the Lese and
Nepalese (Ellison 1994). The variation in hormone profiles demonstrates nat-
ural variation in ovarian function across populations, and this variation should
be considered normal rather than pathological (Ellison et al. 1993).

Technological advances in hormone measurement made this important
research possible. Peter Ellison and his colleagues leveraged the advancement
in assays (Riad-Fahmy et al. 1982) to measure hormones in saliva for field set-
tings (Ellison 1993). The advantage of using saliva was that anthropologists
could collect daily samples from women and, using preservatives, store the
samples at room temperature in isolated field locations where refrigeration
was not possible (Lipson and Ellison 1989). It was important to collect daily
samples to capture the hormonal profile of the entire cycle and to detect day
of ovulation in order to align cycles.

Epidemiologists have also been interested in the variation of menstrual
patterns (timing and frequency) and reproductive hormones because of their
associations with breast cancer (Mumford et al. 2012; Whelan et al. 1994;
Terry et al. 2005). As a result, hundreds of studies have compared hormones
between women with and without breast cancer; between women with dif-
ferent risk factors, such as reproductive events, diets, and physical activity
levels; and between women living in populations with different breast can-
cer incidence rates. Epidemiologists, who typically work with much larger
study populations than anthropologists, conducted these comparisons using
serum or urine samples collected on specific days of the menstrual cycle. In
order to correctly time collection, epidemiologists asked women to recall the
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date of their last menstrual period (LMP) and then count forward to sched-
ule a specimen collection on the targeted day. In most cases the target day
would be menstrual cycle day 21, when both progesterone and estradiol are
relatively high.

Restricting comparison of hormones to specific days is cost-effective for
large-scale studies, but it comes at a scientific cost in studies of premenopausal
women. Characterizing a woman’s “dose” of estrogen based on only one or two
timed samples may not capture the full variation in hormones over the men-
strual cycle. For example, we know elevated estrogen levels are associated with
increased risk for breast cancer among postmenopausal women (from whom
a single sample can be collected since there is no menstrual cycle variation to
account for), but we are less confident this association holds in premenopausal
women (Key 2011). Additionally, follicular phase estradiol is associated with
increased breast cancer risk, whereas luteal phase estradiol is not (Eliassen et al.
2000). These gaps in understanding regarding premenopausal hormones and
their relationship with breast cancer are particularly problematic given that breast
cancer incidence is on the rise, specifically in US women under 40 years old
(Johnson, Chien, and Bleyer 2013). So while epidemiologists have also contrib-
uted to knowledge through large cohort studies, their narrow focus on meas-
uring hormone levels on specific days has limited our understanding of the full
variability of hormones in menstruation.

Further, calibrating the hormone samples to the cycle day relies on wom-
en’s ability to recall the date of their LMP, but cycle lengths vary within and
between women and women’s recollections may not be accurate. For exam-
ple, some epidemiologists have followed up with women to confirm that the
sample collection in fact occurred on or near the targeted day. They pro-
vided participants, who in this case were highly motivated nurses, with a
pre-addressed postcard to return with the date when their next period began.
They found that specimens were collected as many as four days before or after
the target day in the best-case scenarios (Eliassen et al. 2000).

In our experience, some women record their menstrual period in their own
personal calendar, but many women do not. Over the course of interviewing
women and asking them to recall their LMP, we have observed several esti-
mation techniques. If her period just finished, she would count back five days
to the day it began. Or, she would think of where she was the last time it
occurred and then work out the date based on where she was that month.
If her period had not been within the last week or if there was no significant
event to help jog her memory, the most common response was to default to
“oh, about two weeks ago.” This suggests that self-reported LMP is a rather
rough estimate.

Advancements in statistical methods can overcome some of these chal-
lenges when collecting daily specimens is not feasible. In one study, one of
us took an alternative approach to targeting a specific cycle day. We collected
specimens from all of the women in our study over the same two calen-
dar days and later asked them to confirm when their next menstrual period
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(NMP) started (Houghton et al. 2016; Troisi et al. 2014). Thus, by chance,
women were at different days of their menstrual cycle and this yielded a col-
lection of samples randomly distributed across a menstrual cycle. We then
took this random distribution and modeled (using cubic splines) the hor-
mone profile at the population level using individual data on specific days.
Without giving the model a specified shape, the curves mimicked biological
curves seen in individual women. We were then able to compare hormone
concentrations between populations by calculating the area under each curve.
In this specific case, we were able to demonstrate that estrogens were actu-
ally higher in Mongolian women than in British women, a finding that was
counter to what most people would predict, given that Mongolia has some
of the lowest breast cancer rates in the world (Troisi et al. 2014). Confirming
the date of the NMP was of the utmost importance, to make sure we knew
the exact menstrual day on which the sample had been collected. Data sci-
entists use even more sophisticated modeling and prediction techniques to
predict the hormone profiles underlying women’s menstrual cycle character-
istics. For example, the state-of-the-art model developed by Clark and col-
leagues accurately captures the same hormonal patterns as a dataset of daily
hormonal measurements from healthy women (Harris Clark, Schlosser,
and Selgrade 2003).

Our own experience in collecting and analyzing menstrual cycle and
hormonal data mirrors the methodologies in the literature, ranging from
small-scale studies with “in-depth” hormone measurements (daily readings
throughout the menstrual cycle) to large-scale cohort analysis with “shallow”
hormone measurements (under-sampling in time, or sampling only at known
phases of the cycle). The “deepest” examples can be found in reproductive
endocrinology, where researchers have established basic knowledge about
the cycle through small-scale studies of 12 women and 15-minute interval
blood serum measurements (Murdoch et al. 1985). But such a deep dive
is not the route we have chosen to follow. Rather, we are both now excited
to incorporate mobile apps into our research toolbox to mitigate the ten-
sion between the need for multiple measurements and the invasive nature of
taking such measurements. Mobile health is a game changer for investigat-
ing the menstrual cycle, making data collection possible at an unprecedented
scale. Women can now use menstrual tracking apps to track their own cycles,
along with a range of signs and symptoms—data which previously did not
get recorded. It is not only possible, women are doing it. Cycle tracking apps
are some of the fastest-growing health apps and have a loyal base of users
(Fox and Duggan 2012; Wartella et al. 2016). In 2018, 48% of US females
ages 18- to 22-years-old and 25% of teen girls reported having used a period
tracking app (Fox 2018). Some apps have as many as 10 million users world-
wide (“Clue Wants Your Research Proposals on Reproductive Health,” n.d.).
There is a great opportunity to leverage self-tracking technology to enable
characterizing the menstrual cycle at scale and for individuals.
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One promising aspect of apps used for period tracking is their flexibility
in capturing a range of experiences related to menstruation. Popular track-
ers enable users to self-track their cycle and period lengths, as well as spe-
cific symptoms (such as, headaches, sleep, bowel movements, pain levels);
psychosocial elements (such as, moods or socializing patterns); and sexual
activity. Many apps further enable users to customize their tracking options,
thus getting closer to capturing the broader context and the narrative
around menstruation. While cycle characteristics on their own might not be
enough for algorithms to model cycle variations, the additional data elements
can significantly boost these models’ ability to infer underlying hormonal
variations.

Beyond self-tracked data, emerging analytics can help us determine the
ideal hormone-sampling rate for future studies or improved diagnostics.
For example, Urteaga and colleagues (2017, 2019) showed that machine
learning-based approaches that combine the aforementioned state-of-the art
model for daily average hormone concentrations with cycle data collected
using a mobile phone application can accurately identify the phases within
the menstrual cycle, even without daily measurements. Furthermore, the
model allows for generation of hormone patterns with different character-
istics, such as varying cycle length. Once these methods are validated with
in-depth hormonal datasets, they have the potential to revolutionize how we
study the variation in menstrual cycle and hormonal patterns in healthy and
unhealthy women.

As app developers try to perfect their algorithms to predict each user’s next
period more accurately, and researchers try to use app tracking data to pre-
dict underlying hormonal profiles, this momentum must be accompanied by
some caution and critical reflections. First, there is the risk that only using
data collected by menstruators who use apps may further marginalize those
menstruators who don’t use apps for biological (irregular periods) or socially
patterned reasons. For example, while smart phone and app use is global,
within emerging markets people with less education are still less likely to
use apps than those with more education (Taylor and Silver 2019). Second,
new mHealth data collection methods may lead to large menstrual cycles
studies at unprecedented scales, but the cultural norms with which the tech-
nology was developed may obscure the cultural context of the populations
under study (Fox and Epstein [ Chapter 54] in this volume). Principles of cit-
izen science might be helpful in engaging on-the-ground perspectives from
diverse groups of menstruators. From the collective work of anthropologists,
epidemiologists, and data scientists, we know that our culture and biology
both influence our menstrual health. We should ensure that our methods are
equally attuned to biological plausibility and cultural context.
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