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Smartphone-based fertility awareness methods with home-based urinary hormonal testing
are gaining popularity for fertility tracking. In our university-affiliated family practice, we
integrated a previously developed ovulation tracking application into a protocol for
monitoring urinary sex hormones and cervical secretions. Serum progesterone was used
to confirm the luteal phase, with levels > 15.9 nmol/L ensuring confirmation. Data from 110
women seen for infertility treatment (n = 95) or family planning advice (n= 15) and using
our ovulation prediction protocol showed that most opted for a combination of cervical
mucus and luteinizing hormone testing (n = 86). Among those using it for family planning,
the median usage among women spanned 56 cycles, and 13 cycles per woman required
progesterone testing for confirmation. Thirteen patients are still using the method without
unintended pregnancies. No unintended pregnancies occurred. Confidence in tests based
on serum progesterone was high (93%). For infertility, the method helped in the
identification of anovulation, evaluating treatment response, and in diagnosing subfertility
causes. This proof-of-concept retrospective descriptive case series suggests the potential
for smartphone-based monitoring in fertility management, urging further studies for
application enhancements and prospective validation.

Mobile applications have become extremely popular in the
field of fertility monitoring particularly for either achieving
conception or avoiding pregnancy with over 100 already in
the market.”:? These applications make use of parameters
such as urinary hormone levels, cervical mucus quality,
menstrual cycle length, and basal body temperature (BBT),
to predict the fertile window and confirm ovulation.> The use
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of these application apps can be helpful to predict ovulation
and increase the chances of conception.’*-® Additionally,
recent use of some of these is being incorporated to provide
an alternative to hormonal and barrier contraceptive meth-
ods.”-8 However, there have been concerns that some of the
current applications may not be sufficient to prevent preg-
nancy.? One approach that was developed for couples using
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natural family planning who want to avoid pregnancy with
certainty is to incorporate a definite marker to confirm
ovulation.’ This approach proposes that couples abstain
from sexual intercourse until after ovulation. This postovu-
latory infertile (late luteal) phase of the menstrual cycle has
been confirmed by luteal progesterone above a certain
level.'"" A serum progesterone level of 15.9nmol/L (5
ng/mL) or greater confirms that ovulation has occurred.
Therefore, any woman who has a level of 15.9 nmol/L or
above can confidently know that she has arrived at her
infertile luteal phase.

We have developed a protocol (~Appendix 1) to either
record the menstrual cycle with the use of a previously
developed ovulation tracking application that tracks their
urinary luteinizing hormone (LH; =Figs. 1 and 2) or record
their cervical secretions, or a combination of both'? followed
by an optional cycle phase timed serum progesterone testing
to confirm ovulation.'® This combined method allows wom-
en to both predict and confirm ovulation as well as monitor
their fertility for the assessment of potential disorders such
as luteal phase defect, irregular cycles, and anovulation.

As a description, the ovulation tracker application provides
an intuitive quantitative ovulation test reading feature in the
application. With the in-application scanning feature, the
application automatically calculates the ovulation test results
and identifies the LH peak which is visually presented in an
autogenerated LH chart. The application can also provide an
easy way to log and record cervical mucus observations, BBT,
serum hormone results, symptoms, moods, intercourse tim-
ing, and medications. All recorded parameters are presented in
the calendar for users to visually track their cycle and know
their fertile window. Once users find their LH peak, serum
progesterone can be taken to confirm ovulation. We present a
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descriptive retrospective case series of this process which we
believe is the first documented series of use of virtual moni-
toring of menstrual cycles.

Materials and Methods

Patients

We conducted a chart review of 110 female patients who
attended our university-affiliated family practice. Women
were of reproductive age (13-50) who presented to the
primary care clinic for infertility assessment/treatment,
gynecologic conditions, or family planning and used the
ovulation tracking approach described in this article.

Ovulation Tracking Assessment

Patients were instructed to record their daily observations
starting on the first day of menses in each cycle. Recording
was done via a smartphone application for LH tracking
and/or via cervical mucus charting (Billings Method or
Creighton Model Fertility Care System).u'13 Serum proges-
terone levels were obtained from a local laboratory. Patients
were told that to increase the chance that the progesterone
level will be 15.9 nmol/L or above, the test should be taken:
anytime right after peak day for those using mucus-based
fertility awareness methods (FAMs) or after the LH peak
identified by using LH smartphone application or a combi-
nation of the two. A level greater than 15.9 nmol/L was used
to confirm the luteal phase. Both the clinic and the patient
had access to the progesterone results via an online portal.

Measured Outcomes
Patient feedback regarding the use of the method was
gathered using a questionnaire (=Table 1). Data collected

Testing ‘Peak + 3 day’ (Ovulation confirmation)
Serum Progesterone > 5 ng/ml

Fig. 1 Example of a luteinizing hormone (LH) graph pattern generated by app based on daily urinary LH tests.
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Fig. 2 Visual description of commercial ovulation tracker.

included age, parity, length of use of the method, the number
of tests performed, the FAM utilized by the patient to identify
impending ovulation (mucus only, LH only, or both), and
whether they continued using the method. Intention of
pregnancy was also recorded for those who used the method
for family planning and had a pregnancy.

Ethics Approval

The Bruyere Research Ethics Board provided an exemption
for formal review, as this project was deemed a clinical
practice quality assessment study.

Results

The women trying to avoid pregnancy (n=15) predicted
their ovulation by cervical mucus alone (n =5, 33%), with LH
only (n=4, 26%), or a combination of both (n=6,
40%; =Table 2). Patients have been using this approach for
a median number of 56 months. Confirmation of the luteal
phase per cycle was done solely with serum progesterone.
The majority of patients felt comfortable with using this
approach (=Table 1). The median number of menstrual
cycles per woman requiring progesterone testing was 13
(range: 4-54). Thirteen out of 15 patients are still using the
methods to avoid pregnancy. Three women had pregnancies
intentionally while using the methods. No unintentional
pregnancies occurred (=Table 2).

For those trying to conceive (n =95), the main reasons for
use were ovulation identification, supervised normalization
of irregular menstruations in polycystic ovary syndrome,
and, in adolescents, for the diagnosis of fertile window or
anovulation and treatment response in subfertility

Seminars in Reproductive Medicine Vol. 42 No. 2/2024 © 2024. The Author(s).

(~Table 3). There was a significant overlap among the
reasons with most of the patients having three to four or
more reasons. In this category, all cycles were confirmed via
the use of progesterone.

Discussion

Despite being an observational design and reliance on
patient self-reporting and chart reviews which may intro-
duce biases and limitations, we think our case series
describes a practical protocol using e-technology for moni-
toring the menstrual cycle virtually and dynamically for
timely input in the diagnosis and treatment of fertility
issues. We incorporated a dual approach (smartphone
approach to measure daily urinary LH to identify the
presumptive ovulation in combination with cervical mucus
monitoring). Previously, we found that using the two
markers (mucus and LH testing) may provide a more precise
identification of the impending ovulation.'* In addition,
using an application for charting the pattern of surging
urinary LH rather than visually reading a qualitative yes/no
urine test presents a much easier interpretation for
patients. This becomes very useful since it is known that
timing intercourse to ovulation might play an important
role in helping couples get pregnant.'®

This dual approach allowed for flexibility and accommo-
dated patient preferences, potentially increasing adherence
and accuracy in identifying the luteal phase. The integration
of serum progesterone measurements to give confirmation
of ovulation, with easy access to the online portal, provided
a reliable confirmation of the luteal phase, reinforcing the
initial trust in the tracking methods. The questionnaire
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Table 1 Feedback obtained on the use of the method

Statement Strongly | Agree | Neutral | Disagree | Strongly Prefer not
agree (%) | (%) (%) (%) disagree (%) | to answer (%)

There is a laboratory location that is easily 42 50 0 8 0 0

accessible to me

Wait times for blood testing are acceptable 33 50 0 17 0

It is easy for me to adjust my day to 42 8 0 33 17

accommodate blood testing

I don’t mind having blood tests taken 17 33 25 25

It is easy for me to understand the result of my | 50 42 0 8

blood test when | see it online

I have confidence in serum progesterone testing | 67 25 0 0 8 0

to identify when | have ovulated

I plan to continue using this type of testing inthe | 42 42 0 8 8 0

future

I would recommend someone | know to speak to | 33 50 17 0 0 0

her health care professional about this type of

testing to avoid/become pregnant

I would use a urine test to confirm ovulation 25 25 8 42 0 0

instead of serum progesterone testing even if it

was less accurate than serum progesterone

testing

The design of the patient information sheet, 17 83 0 0 0 0

such as the font size, diagram, and graphics, is

adequate

The written language of the patient information | 42 50 0 8 0 0

sheet is clear and easy to understand

The patient formation sheet provides me with | 25 75 0 0 0 0

sufficient information about serum

progesterone testing

| feel more informed after reading the patient | 17 75 8 0 0 0

information sheet

| feel that the patient information sheet will help | 17 67 8 8 0 0

me to remember facts about this type of testing

feedback highlighted a general comfort with the methods,
suggesting a positive reception among our patients. The
median duration of method use was 56 months, which
could indicate sustained engagement and satisfaction. The
rate of continued use (13 out of 15 patients) among those
trying to avoid pregnancy might underscore the method’s
acceptability and perceived effectiveness.

Our study population represented various targets for
ovulation tracking, such as infertility assessment, gyneco-
logic conditions, and family planning which overall may be
a good representation of the potential methods’ applicabili-
ty. Confirmation of ovulation is one of the cornerstones for
infertility workup.'® The combination monitoring with a
follow-up timed serum progesterone'® proved to be very
acceptable for our patients. Among the 15 patients using
FAM for pregnancy avoidance, the methods proved effective,
with no unintentional pregnancies reported. The intention-
al pregnancies observed encourage us that the methods
may have utility in family planning, and further studies
might be warranted. All patients used the protocol for

ovulation prediction and confirmation. Furthermore, all of
them used it for more than one reason. Self-observed
cervical mucus and LH levels with smartphone applications
enable women and their clinicians to time hormonally
sensitive clinical tests and treatments in relation to phases
of the menstrual cycle.'®!” Additionally, calendar tracking
provides an objective record of conditions such as oligo-
menorrhea and amenorrhea seen in polycystic ovarian
syndrome and perimenopause. Cervical monitoring is also
important to assess infertility and it has been associated
with increased fecundability independent of intercourse
frequency or use of urinary LH monitoring.'®'® All of the
above were commonly used to address our patients’
conditions.

As a novelty, with the use of the application, the option to
incorporate BBT monitoring might become practical. It has
been previously published that given the clear correlation
between progesterone and BBT rise after ovulation, BBT can
be used to confirm ovulation retrospectively in selected
patients. In a great majority of cases, the correlation between

Seminars in Reproductive Medicine  Vol. 42 No. 2/2024 © 2024. The Author(s).
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Table 2 Descriptors for 15 cases using a combination of urinary and blood hormonal with smartphone technology for FAMs to

avoid pregnancy

ID Age Parity First date Number of menstrual FAM method Continuation
used cycles when serum used
progesterone test
was performed
1 45 3 2017—-02 4 Mucus Yes
2 36 6 2015—-03 9 Both Yes
3 40 2 2017—02 12 Both Yes
4 40 3 2018—-07 32 Both Yes
5 33 4 2018—04 4 Both Yes
6 34 3 2014—08 28 Both Yes
7 32 2 2019—-07 6 Mucus Yes
8 38 3 2017—06 12 LH Yes
9 32 3 2019—-06 15 LH Yes
10 38 1 2019—06 4 LH No (not sexually active)
11 38 4 2017—-03 36 Mucus Yes
12 36 3 2016—05 54 Mucus Yes
13 29 0 2019—08 15 Both No (now trying to
get pregnant)
14 39 2 2019—-10 13 Mucus Yes
15 38 6 2017—-10 30 LH Yes
Median 38 3 13

Abbreviations: FAMs, fertility awareness methods; LH, luteinizing hormone.

progesterone and BBT suggests that BBT rise might be a good
surrogate for progesterone level in indicating that ovulation
has occurred; a BBT rise was present in 95% of the cycles
analyzed in this study.?® The baseline BBT or “baseline
average” of each cycle was calculated as the average of the
six lowest consecutive BBTs during the follicular phase. This
hyperthermic shift, or rise, was defined by three consecutive
days of BBT at least 0.3 °C above the baseline average. -Fig. 3

shows an example of this shift seen among one of our
patients. Interestingly, a hypothermal shift, or drop, from
this “elevated” temperature at the end of the luteal phase
could herald the start of menses. Alternatively, it can be
hypothesized that ongoing elevated temperatures could
indicate pregnancy. The use of smartphone-integrated arti-
ficial intelligence can be used to dynamically assess this BBT.
We hold this could be tested in a future study.

Table 3 Common reasons for use of the protocol (not in any order)

Reason Examples of use

Ovulation identification
planning

To predict and help confirm ovulation for infertility/fertility assessment and family

Identification of the luteal phase

To time hormonally sensitive clinical laboratory tests (i.e., day 7 post-ovulation
measurement of progesterone and estradiol levels) and treatments in relation to
phases of the menstrual cycle (i.e., progesterone luteal support)

Calendar tracking
after interventions.

amenorrhea.

Menstrual monitoring of days for medical conditions such as PCOS and perimenopause

For PCOS, interventions such as weight loss, medications (Metformin, Letrozole,
Clomiphene), and/or cyclic luteal progesterone use to induce menses.
For perimenopause, monitoring LH surges (or lack of), cycle lengthening, and

Monitoring of cervical mucus

Impact on infertility and other health conditions such as infection identification (e.g.,
yeast), spotting (perimenopause, luteal phase defect

)19

Abbreviations: LH, luteinizing hormone; PCOS, polycystic ovary syndrome.

Seminars in Reproductive Medicine Vol. 42 No. 2/2024 © 2024. The Author(s).
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Hyperthermal shift

Hypothermal shift

BBT

LH

Fig. 3 Example of the use of basal body temperature (BBT) in combination with luteinizing hormone (LH) monitoring.

Conclusion

The use of a combination of urinary and blood hormonal
monitoring with smartphone technology for the monitoring
of fertility for both achievement and avoidance of pregnancy
is a feasible option. It can help women in improving their
reproductive health. This small case series indicates that
further prospective studies incorporating improvements to
smartphone applications integrated with hormonal urine
tests are warranted.
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Use of Serum Progesterone + Smartphone LH Application to Confirm the Luteal Phase

It is important that you first talk to a doctor to discuss the information provided in this sheet. It
is not intended to substitute for consultations with a doctor, nor medical advice specific to your
health condition.

What does Luteal-Phase mean?

The luteal phase is the second part of your menstrual cycle that begins after you ovulate and
ends when you begin your next period. This is considered to be the infertile phase of your
menstrual cycle.

What is Luteal-Phase Confirmation Progesterone?

This is a blood test that checks for a hormone called progesterone. The hormone is released
mostly by the ovaries in high concentration only after ovulation. Thus, it may confirm that
ovulation has occurred. The original idea to check progesterone for this purpose was proposed
by a doctor named Dr. Thomas Hilgers.!

20
18 : ““ .
[ ] o el
. —s— Median 2 W
--e-- Lower limit (5%) I il
14 --e-- Upper limit (95%) ]

Progesterone levels (ng/mL)

0123 456 7 8 91011121314151617 18 1920 21 22 23 2425 26 27 28 29

Time of cycle (days)

For illustration purposes only. By Medgirl131 - Own work, CC BY-SA 4.0,
https://commons.wikimedia.org/w/index.php?curid=72246574

Why use this test?

Any woman may want to know whether she might have ovulated or not. It can also be used for
patients having difficulty with Fertility Awareness Methods (FAM) monitoring or patients with
infertility problems.

Dr. René Leiva
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How does this test work?

A progesterone level of 5 nanograms per milliliter (15.9 nanomoles per liter or 15.9 nmol/L) or
greater in your blood implies that ovulation has occurred.? Research shows that this level of
progesterone can confirm ovulation with very good certainty (98%).2 Therefore, any woman
who has a level of 16 nmol/L or above can confidently know that she has arrived at her infertile
luteal phase.

To avoid pregnancy, you will need to abstain from any genital contact starting the first day of
your period until the day after the progesterone test confirms that you are in the luteal phase.
You can then be intimate with your spouse anytime during the luteal phase until the first day of
your next period.

When should this test be done?

The test can be done anytime during the menstrual cycle. However, to increase your chance
that the level will be 16 nmol/L or above, it should be taken:

e anytime right after Peak day for those using mucus -based FAM* or

e after a positive LH test (also called an ovulation predictor test-stat testing on first day of
menses)° or

e after the LH Peak identified by a using LH smartphone apps such as
https://premom.com/ (start on testing on first day of menses- see below) or

e combination of the above®

Does this test confirm ovulation with 100% certainty?

No. The gold standard for confirming ovulation is follicular tracking with ultrasound.”

Also, in about 12% of cycles among regularly menstruating women, the ovarian follicles fail to
ovulate and keep growing. This event is known as Luteinized unruptured follicle (LUF). When
this happens, the test does not confirm ovulation, but that luteinization has occurred.
Luteinization is when the follicle cells change to luteal cells and progesterone is released. Once
luteinization has occurred, the cycle is infertile.?

Dr. René Leiva
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Links to FAM (or Natural Family Planning) methods:

e Billings Method (mucus-based) https://billings.life/en/
e Creighton Method (mucus-based) https://www.creightonmodel.com/
e Marquette Model of NFP (mucus- and urinary hormone-based)

https://www.marquette.edu/nursing/natural-family-planning-model.php
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