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University of Melbourne
Study Focus:

Goal:

 Sex hormones' associations with 
metabolism, immune, and cardiovascular 
systems.


 Explore impacts in post-viral syndrome 
individuals.

Icahn School of Medicine  
at Mount Sinai Hospital
Study Focus:

Goal:

 Cortisol, sex hormones, and long 
COVID symptoms.


 Investigate hormonal influences  
on long COVID.

Athletica
Study Focus:

Goal:

 Effects of training load on 
menstrual cycle and ovulation.


 Understand exercise impacts on 
menstrual and reproductive health.

Collaborative Research and Clinical Trials

Duquesne University
Study Focus:

Goal:

 Menstrual cycle data comparison 
in individuals with/without PCOS.


 Identify common hormone patterns and 
enhance PCOS diagnostics.

Johns Hopkins University
Study Focus:

Goal:

 Statistical analysis to refine Mira’s 
algorithms.


 Improve data accuracy and algorithm 
performance.

University of British Columbia
Study Focus:

Goal:

 Validation of Mira’s results with 
ultrasound and blood tests.


 Ensure accuracy of Mira’s readings.
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Research studies 
comparing hormone levels in 
urine and serum



Urinary and serum reproductive hormones showed excellent agreement and 
may be used interchangeably. The beginning of the surge in serum and urinary 
LH was an excellent predictor of ovulation. The rise in progesterone and P3G 
above baseline was a consistent marker of luteinisation confirming ovulation. 
Both LH and progesterone surges delivered clear, sharp signals in all volunteers, 
allowing reliable detection and confirmation of ovulation.

Roos J, Johnson S, Weddell S, Godehardt E, Schiffner J, Freundl G, et al. Monitoring the menstrual cycle: Comparison of urinary and serum 
reproductive hormones referenced to true ovulation. Eur J Contracept Reprod Health Care. 2015;20(6):438-50. Epub 2015/05/29. doi: 
10.3109/13625187.2015.1048331. PubMed PMID: 26018113.

Comparison of urinary and serum reproductive hormones 
referenced to true ovulation (n=40)
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Conclusions:
The Area Under the Curve algorithm with (E2, P) or (E3G, 
PDG), showed that both serum and MiraTM hormone 
measurements could pinpoint the 24 h interval of ovulation 
and transition to the luteal phase. 


The AUC (E3G, PDG) algorithm should be applicable to 
existing urinary hormone monitors. Serum E2 and P have 
promise as improved biomarkers for timing the major events 
during the menstrual cycle.

Comparison of Day-Specific Serum LH, Estradiol, and Progesterone 
with Mira Monitor Urinary LH, Estrone-3-glucuronide, and 
Pregnanediol-3-glucuronide Levels in Ovulatory Cycles
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Comparison of Day-Specific Serum LH, Estradiol, and Progesterone with MiraTM Monitor Urinary LH, Estrone-3-glucuronide, and Pregnanediol-3-
glucuronide Levels in Ovulatory Cycles by Stephen J. Usala, David D. Vineyard, Maria Kastis, A. Alexandre Trindade and Harvinder Singh Gill.


https://www.mdpi.com/1648-9144/60/8/1207
https://www.mdpi.com/1648-9144/60/8/1207


Nakhuda GS, Li N, Yang Z, Kang S, At-home urine estrone-3-glucuronide quantification predicts oocyte retrieval outcomes comparably to serum estradiol., F&S 
Reports (2023), doi: https://doi.org/10.1016/j.xfre.2023.01.006.

At-home urine estrone-3-glucuronide quantification 
predicts oocyte retrieval outcomes comparably  
to serum estradiol

Key Findings:
Urine E3G levels, measured by the Mira 
Fertility Plus® analyzer, and serum E2 
concentrations on the day of trigger 
both show significant correlation with 
oocyte retrieval outcomes. E3G 
demonstrated a slightly higher 
correlation with the number of M2 
oocytes (r = 0.485) compared to E2  
(r = 0.391). The Pearson correlation 
coefficient between matched E3G and 
E2 levels was 0.761 (p<.001). The 
determination coefficients for daily 
trends during stimulation were 0.7066 
for E3G and 0.6102 for E2.

Summary:
Urine E3G monitoring is comparable to serum E2 for 
predicting retrieval outcomes and offers a viable at-
home alternative to traditional serum monitoring, 
potentially enhancing patient experience.



Yoko Onizuka, Kazue Nagai, Yuki Ideno, Association between FSH, E1, and E2 levels in urine and serum in premenopausal and postmenopausal women, Clinical Biochemistry, Volume 73 (2019), pp. 105-108; 
Chen-Yu Chen, Yuh-Ming Hwu, Chie-Pein Chen, Quantitative analysis of total β-subunit of human chorionic gonadotropin concentration in urine by immunomagnetic reduction to assist in the diagnosis of ectopic 
pregnancy, Int J Nanomedicine (2015)10:2475-83. doi: 10.2147/IJN.S81201. eCollection 2015.

Urine estrone–3-glucuronide (E3G) assay: is there any 
place during ovarian stimulation for IVF cycles?
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Urine FSH strongly correlated with FSH in serum in premenopausal 
(R^2 = 0.98) women.

Association between FSH levels in urine 
and serum in premenopausal women

An excellent correlation of total hCGβ IMR signals between urine and 
serum was noted (R^2=0.994).

Quantitative analysis of total β-subunit 
of hCG concentration in urine



Key Findings:
Both urine E3G (measured by fluorescent immunoassay Mira Fertility 
Plus® analyzer) and serum E2 concentrations on day of trigger 
significantly correlated with retrieval outcomes to a similar extent, with 
E3G demonstrating slightly higher correlation to the number of M2 
oocytes compared to E2 (r = 0.485 vs 0.391, respectively). The Pearson 
correlation coefficient for matched E3G and E2 levels was 0.761 
(p<.001). The correlations of determination for daily trend of E3G and 
E2 during stimulation were 0.7066 and 0.6102, respectively. Measured 
on the day of trigger, urine E3G monitoring during gonadotropin 
stimulation is comparable to serum E2 for predicting oocyte retrieval 
outcomes. Matched daily samples confirm good correlation of urine 
E3G and serum E2. The option of at-home estrogen monitoring with 
devices such as Mira offers an alternative to traditional serum monitoring 
that may improve the patient experience.

Nakhuda GS, Li N, Yang Z, Kang S, At-home urine estrone-3-glucuronide quantification predicts oocyte 
retrieval outcomes comparably to serum estradiol., F&S Reports (2023), doi: https://doi.org/10.1016/
j.xfre.2023.01.006.

At-home urine estrone-3-glucuronide quantification predicts 
oocyte retrieval outcomes comparably to serum estradiol.
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Key Findings:
Serum E2 values were assessed routinely, while E3G values were 
measured and validated using a fluorescent immunoassay Mira 
Fertility Plus® analyzer. The urine E3G of the assay was validated for 
intra and inter-assay variability with a coefficient of variation of < 
20%. It was also validated for analytical and functional sensitivity 
and sample stability. Linear regression of serum E2 and E3G values 
of 56 early morning urine samples who had evaluated between 
days 4 and 13 of the menstruation cycle provided an r = 0,81. Urine 
E3G values also correlated to follicle growth. Patient survey results 
showed that urine sampling was the preferred method of analysis. 
Urine E3G testing correlates well to serum E2 assessment in COH. 
Urine E3G assay provides an alternative to serum-based 
assessment.

I Vladimirov, V Martin, T Desislava, P–670 Urine estrone–3-glucuronide (E3G) assay: is there any place during ovarian stimulation for IVF cycles?, Human Reproduction, Volume 36, Issue Supplement_1, July 2021, 
deab130.669, https://doi.org/10.1093/humrep/deab130.669;


Vladimirov, I. , Vladimirov, M. and Tacheva, D. (2021) A New Protocol for Controlled Ovarian Stimulation Monitoring by Self-Determination of Estrone-3-Glucuronide and Single Ultrasound (COSSESU). Open 
Journal of Obstetrics and Gynecology, 11, 1217-1228. doi: 10.4236/ojog.2021.119115.

Urine estrone–3-glucuronide (E3G) assay: is there any 
place during ovarian stimulation for IVF cycles?
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https://doi.org/10.1093/humrep/deab130.669
https://doi.org/10.4236/ojog.2021.119115


Key Findings:
The average female age was 32,1 years (±4.4), BMI 22,9 kg/m2 (±4,3), AMH 3,9 ng/ml (±2,7), stimulation days 10,1 (±1,2), collected oocytes 
12,6 (±8,5), MII oocytes 10,8 (±7,9), fertilization rate 83,4% (±22,7), blastocyst formation 66,9% (±28,6), good quality blastocysts 31,1% 
(±16,6).

The log-linear mixed effect model (LLMM) estimation produced reasonable estimates of 49% average day-to-day growth rates (slope fixed 
effect), with one standard deviation (SD) range of 25% to 77% across patients (SD of the slope random effect).

Moreover, there was a comparatively high correlation of 0.76 between the individual growth rates of E3G estimated over days 3-6 (the slope 
random effects of the LLMM model) and the E3G levels at day 10. In this way, the estimated slope random effects appear to have a prognostic 
value and may potentially have therapeutic implications, for example, adjustment of the stimulation dose. Moreover, the Spearman correlation 
between Estradiol and E3G was 0.83

After analyzing interviews and questionnaires, patients evaluated the applied method as easy and convenient, with 97% of them preferring OS 
monitoring to be performed in this manner compared to the standard method, which includes regular ultrasound examinations and 
determination of serum hormone levels.

I.K. Vladimirov, D. Tacheva, I. Gatev, M. Rangelova, M. Vladimirov, Viability of home monitoring of estrone-3-glucuronide (E3G) urine levels in controlled ovarian stimulation: A pilot study, 
SBALAGRM-SOFIA, IVF unit, Sofia University “St.Kliment Ohridski”, Cytology- Histology and Embryology. 
https://www.eshre.eu/ESHRE2023/Programme/Searchable#!abstractdetails/0000721100

Viability of home monitoring of estrone-3-glucuronide (E3G) 
urine levels in controlled ovarian stimulation: A pilot study

miracare.com
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Mira vs.

Laboratory Readers
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Quantifiable Concentration Ranges

Dynamic range of Mira Tests

Hormone changes 
during Menstrual cycle

LH E2 or E3G Progesterone or PdG

Serum

Urine

Mira test

0-200 mIU/ml

0-200 mIU/ml

0-400 mIU/ml, 
customizable to 
0-1000 mIU/ml

0-2000 ρg/ml

0-4000 ng/ml

0-640 ng/ml, 
customizable to 
0-4000 ng/ml

0-20 ng/ml

0-15 μg/ml

0-30 μg/ml



The Mira LH and hCG measurements strongly correlated with Abbott ARCHITECT i2000SR. A good linear 
correlation (R^2>0.9) was displayed by The Mira Analyzer and Abbott ARCHITECT i2000SR for both LH 

(R^2=0.944; slope=1.042) and hCG (R^2=0.926; slope=0.922)*.

Mira's technology is based on the immunofluorescence method 
with accuracy equivalent to laboratory readers

* Under editor’s review

miracare.com

LH hCG



miracare.com

Additional Research 
involving Mira



Key Findings:
The research explores the patterns of the urinary metabolite of 
estradiol (E3G) across the menstrual cycle. It finds that, unlike the 
luteal phase where E3G levels remain relatively stable, E3G 
concentrations in the follicular phase fluctuate significantly. This 
fluctuation is not a linear increase but varies within a broad range. 
The study suggests that this pattern reflects the complex interplay 
between gonadotropins, which stimulate follicular development, 
and the ovarian production of estradiol. The findings highlight the 
dynamic hormonal relationships that govern the follicular phase, in 
contrast to the more consistent hormonal behavior observed 
during the luteal phase.

Dozortsev DI, Pellicer A, Diamond MP. Oscillations of estradiol and gonadotropins are a missing link to 
solving the mystery of mono-ovulation in humans. Fertil Steril. 2021 Sep;116(3):630-632. doi: 10.1016/
j.fertnstert.2021.05.107. Epub 2021 Jul 22. PMID: 34303510.

Oscillations of estradiol and gonadotropins are a missing 
link to solving the mystery of mono-ovulation in humans
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Key Findings:
The accuracy of predicting the LH surge day was compared among 
three solutions: the traditional calendar method, using LH hormone 
only, and using both LH and E3G hormones together. Calculated in 
a retrospective analysis, from 1 to 7 days before the actual LH 
surge day. 


Optimized with more than 7M data points and 600K+ menstrual 
cycles, the Mira algorithm is 6X more accurate than traditional 
calendar method and 5X more accurate than traditional ovulation 
prediction solutions offered over the counter.

Yang Z, Kang S,  Li N, INTELLIGENT ALGORITHM COMBINED WITH DE-VICE THAT DETECTS LUTEINIZING 
HORMONELEVELS CAN IMPROVE THE PREDICTION ACCU-RACY OF OVULATION DAY, FERTILITY & 
STERILITY, VOLUME 114, ISSUE 3, SUPPLEMENT, E407, SEPTEMBER 2020

Intelligent algorithms combined with a device that detects 
luteinizing hormone and E3G levels can significantly 
improve the prediction accuracy of ovulation day

miracare.com



Ongoing study (will be published in May ‘25):
Background and Objectives: The Quantum Menstrual Health Monitoring Study will measure four 
key reproductive hormones in the urine (follicle-stimulating hormone, FSH; estrone-3-
glucuronide, E13G; luteinizing hormone, LH; and pregnanediol glucuronide, PDG) to 
characterize patterns that predict and confirm ovulation, referenced to serum hormones and the 
gold standard of the ultrasound day of ovulation in participants with regular cycles. These 
normal cycles will provide a reference for comparison to irregular cycles in subjects with 
polycystic ovarian syndrome (PCOS) and athletes.


Hypothesis: The Mira monitor quantitative urine hormone pattern will accurately correlate with 
serum hormonal levels and will predict (with LH) and confirm (with PDG) the ultrasound day of 
ovulation in those with regular cycles as well as those with irregular cycles. 


Rationale: Once the ultrasound validation is complete, tools like the Mira monitor with a 
customized app may become a new standard for at-home and remote clinical monitoring of the 
menstrual cycle without having to use labor-intensive follicular-tracking ultrasound or follow 
serum hormone changes. 


Conclusions: Precision monitoring of the menstrual cycle is expected to impact individuals who 
want to increase their menstrual health literacy and guide decisions about fertility.

Establishing a Gold Standard for Quantitative Menstrual 
Cycle Monitoring 

miracare.com

Bouchard, T., Yong, P., & Doyle-Baker, P. (2023). Establishing a 
Gold Standard for Quantitative Menstrual Cycle 
Monitoring. Medicina, 59(9), 1513. https://doi.org/10.3390/
medicina59091513



Key Findings:
By utilizing at-home hormone monitoring, such as Mira, women 
can track their individual cycle variations, moving beyond the 
traditional assumption of a standard 28-day cycle with ovulation on 
day 14. This personalized approach allows for more accurate 
identification of cycle abnormalities and enables healthcare 
providers to tailor treatments to each woman’s unique needs. The 
study highlights the three distinct processes of the luteal phase—
luteinization, progestation, and luteolysis—and demonstrates how 
quantitative hormone tracking can help diagnose luteal phase 
deficiencies, anovulation, and optimize fertility treatments. Further 
validation of fertility monitors like Mira is necessary through larger 
clinical trials to confirm their reliability in supporting these clinical 
insights.

Figure 1: Normal cycle showing all three monitors with 
agreement on the peak day, with the highest LH value on that 
day (cycle day 11). The ClearBlue results (L = Low, H = High, 
and P = Peak) are shown above each graph on the respective 
days. The estimated day of ovulation was day 12 (day after LH 
peak). The luteal phase was 13 days (cycle length of 25 days). 
PDG initially rose on day 16 on the Inito monitor and on day 14 
on the Mira monitor.

Bouchard TP. Using Quantitative Hormonal Fertility Monitors to Evaluate the Luteal Phase: Proof of Concept 
Case Study. Medicina (Kaunas). 2023 Jan 10;59(1):140. doi: 10.3390/medicina59010140. PMID: 
36676764; PMCID: PMC9866173.

Using Quantitative Hormonal Fertility Monitors to Evaluate 
the Luteal Phase: Proof of Concept Case Study
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Conclusions:
“In this study, we identified significant associations between blood glucose 
and the individuals’ menstrual cycles. We observed a biphasic pattern across 
the menstrual cycle where daily median glucose levels peaked during the luteal 
phase and declined during the late-follicular phase. The increase in glucose 
levels from the late-follicular phase to the luteal phase was also robust to a 
number of confounders, including step count, estrogen, food cravings, 
fatigue, and sleep issues.


Our results serve as a basis for conversations on the interpretation of glucose 
levels with respect to menstrual health. Individuals who anticipate adjusting 
their behaviors (e.g., diet and sleep) based on their glucose variation may need 
to consider how menstruation influences their interpretation of this data. For 
example, those who have higher glucose levels while experiencing stronger 
food cravings might contemplate different symptom management strategies 
depending on how far along they are in their menstrual cycle.”

Blood glucose variance measured by continuous glucose 
monitors across the menstrual cycle
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Blood glucose variance measured by continuous glucose monitors across the menstrual cycle by Georgianna Lin, Rumsha 
Siddiqui, Zixiong Lin, Joanna M Blodgett, Shwetak N Patel, Khai N Truong, Alex Mariakakis.


https://pmc.ncbi.nlm.nih.gov/articles/PMC10421863/#Sec8
https://pmc.ncbi.nlm.nih.gov/articles/PMC10421863/#Sec8


Conclusions:
Tracking fertility during Perimenopause with a quantitative 
hormonal device is a novel idea. A quantitative hormone 
monitor allows for the exact measurements of hormones in 
a woman’s cycles and can give more accurate results of 
cycle patterns, especially as she ages. This study of women 
in perimenopause has revealed certain cycle characteristics 
unique to this period, which include cycles with delayed LH 
surges, quick rises in E3G toward the LH surge, low E3G 
and LH levels in a cycle, double LH surges in one cycle with 
corresponding FSH elevation during the highest LH surge, 
continuous high levels of E3G and LH throughout the cycle, 
and low PdG levels after an LH surge.

Case Reports from Women Using a Quantitative Hormone 
Monitor to Track the Perimenopause Transition 
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Case Reports from Women Using a Quantitative Hormone Monitor to Track the Perimenopause Transition 
by Maria Meyers, Richard Jerome Fehring and Mary Schneider.

https://www.mdpi.com/1648-9144/59/10/1743
https://www.mdpi.com/1648-9144/59/10/1743
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Mira used for 

fertility awareness based methods



Key Findings:
The study established that due to the quantitative measurement of 
LH the peaks that indicates the most fertile period of the menstrual 
cycle by Mira monitor throughout 3 menstrual cycles, only 2% of LH 
peaks have been missed in comparison to 5% of peaks missed 
when using qualitative measurement with ClearBlue Fertility 
Monitor.

Thomas P. Bouchard, Richard J. Fehring & Qiyan Mu (2021) Quantitative versus qualitative estrogen and 
luteinizing hormone testing for personal fertility monitoring, Expert Review of Molecular Diagnostics, 
21:12,1349-1360, DOI: 10.1080/14737159.2021.2000393

Quantitative Versus Qualitative Estrogen and Luteinizing 
Hormone Testing for Personal Fertility Monitoring (Natural 

Family Planning — Marquette Method)
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Key Findings:
In this preliminary trial, the Mira monitor was shown to be effective at delineating the fertile window and ovulation. We demonstrated 
the feasibility of applying the Marquette Method algorithm with the use of the Mira monitor. Satisfaction differences between the two 
monitors did not reach statistical significance. We anticipate that quantitative fertility monitoring will give couples and health-care 
providers new and unprecedented insights into the menstrual cycle and fertility.

Bouchard TP, Fehring RJ, Mu Q. Quantitative versus qualitative estrogen and luteinizing hormone testing for 
personal fertility monitoring. Expert Rev Mol Diagn. 2021 Dec;21(12):1349-1360. doi: 
10.1080/14737159.2021.2000393. Epub 2021 Dec 3. PMID: 34714210.

Quantitative versus qualitative estrogen and luteinizing 
hormone testing for personal fertility monitoring

miracare.com



Conclusions:
In Cycle 0, higher thresholds of LH are required to 
trigger ovulation, so a higher thresh- old of LH (i.e., 
LH < 15), along with a more conservative E3G 
threshold (i.e., E3G < 100) to reflect the average 
E3G levels within the fertile window of Cycles 0–6 
postpartum (Table 3), could be used in Cycle 0 for 
avoiding pregnancy (Table 6). This protocol will be 
the basis of a larger effectiveness study using the 
Mira Analyzer for avoiding pregnancy postpartum.

Using Quantitative Hormone Monitoring to Identify the Postpartum Return of Fertility by Thomas P. 
Bouchard, Katherine Schweinsberg, Amanda Smith and Mary Schneider.

Using Quantitative Hormone Monitoring to Identify the 
Postpartum Return of Fertility 
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https://www.mdpi.com/1648-9144/59/11/2008
https://www.mdpi.com/1648-9144/59/11/2008


Key Findings:
Higher LH thresholds in Cycle 0 suggest a decreased 
responsiveness of the ovaries to LH stimulation from the pituitary. 
This study replicates postpartum hormone patterns from a previous 
study. Larger studies are planned to evaluate the effectiveness for 
avoiding pregnancy using the Mira Analyzer in the postpartum 
return of fertility.




Bouchard, T. P., Schweinsberg, K., Smith, A., & Schneider, M. (2023). Using Quantitative Hormone 
Monitoring to Identify the Postpartum Return of Fertility. Medicina, 59(11), 2008. https://doi.org/10.3390/
medicina59112008

Using Quantitative Hormone Monitoring to Identify the 
Postpartum Return of Fertility
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