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Correlation of ovarian follicle size and the urinary excretion of oestrone glucuronide, luteinizing hormone 
and pregnanediol glucuronide  in spontaneous cycles

Statistically significant correlation between the mean follicular diameter and the mean concentrations of urinary E1-3-G (r
= 0.95, P less than 0.001) and ratio of E1-3-G to Pd-3 alpha-G (r = 0.97, P less than 0.001) during the 8 days prior to ovulation.

Sodium Pregnanediol Glucoronide: The significance of its excretion in urine 

Urinary pregnanediol determination as a test of pregnancy 

Urinary sodium pregnanediol glucuronidate levels were reported to be of value in the diagnosis of pregnancy, of
threatened abortion, and determination of the date of ovulation, all states reflecting a change in luteal activity. Since
Venning's method has been reported inaccurate for small amounts of sodium pregnanediol glucuronidate (19), its
application to subjects during the menstrual cycle is of doubtful value; moreover, the estimation then requires the
collection of a 24-hour and preferably a 48-hour specimen of urine, with increasing opportunity for hydrolysis of the
water-soluble complex.

Rapid measurement of urinary pregnanediol glucuronide to diagnose ectopic pregnancy 

Urinary pregnanediol-3α-glucuronide measured by enzyme immunoassay exhibited predictive values for detecting
ectopic gestations comparable with random serum progesterone or serum β-human chorionic gonadotropin values. We
conclude that ectopic gestations demonstrate a reduced level of urinary pregnanediol-3α-glucuronide detectable with a
rapid enzyme immunoassay, which makes this assay a practical screening test in early pregnancy.

Using the ratio of urinary oestrogen and progesterone metabolites to estimate day of ovulation 

Determination of the day of luteal transition to estimate ovulation requires only first-morning urine specimens, requires
no correction for day-to-day variations in urine concentration, and can be applied to a mid-cycle window of data
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The value of urinary pregnanediol estimation for monitoring early pregnancies 

Since urinary pregnanediol values and plasma progesterone levels have been shown to be positively correlated, one may
as safely rely on the easily performed pregnanediol tests as on progesterone determination to monitor corpus luteum
activity. Most of the abortions in our series appear to have resulted from primary or secondary corpus luteum
insufficiency. The highly significant differences between the abortion rates and between the rates of pregnancies carried
to term in the two groups strongly suggest that an early prognosis of pregnancy can be made on the basis of urinary
pregnanediol estimation. 
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 Neuroendocrine Regulation of The Corpus Luteum in the Human. Evidence for Pulsatile Progesterone Secretion.

The finding of rapidly fluctuating P levels in the MLP and LLP of normal subjects raises the question of the value of a
single P estimation in the assessment of luteal phase function. Our results clearly indicate that mid-luteal P levels
previously considered incompatible with an adequate luteal phase (34, 35) may be detected in the course of a normal
luteal phase. Finally, the prompt and direct response of P to LH pulses in the MLP and LLP suggests that despite its partial
autonomy from pituitary activity, the human CL requires intermittent stimulation of LH to fully express its endocrine
potential. 

Urinary hormone levels at the time of ovulation and implantation 

It is clear from this report that ovarian activity can be accurately monitored through the analysis of early morning urine
samples. The use of the estrone conjugate and pregnanediol-3-glucuronide assays opens the possibility of gaining
excellent insights into the dynamic endocrine events which may underlie human ovulation dysfunction and implantation
failure. The daily collection of urine is an approach that is feasible for the patient. The combined analyses of urinary LH/
hCG and steroid conjugates provide information on the neuroendocrine control of ovulation and the critical sequence of
ovarian functions that mediate the release of the oocyte and the implantation of the embryo. 

Preimplantation hormonal differences between the conception and non-conception menstrual cycle of 32 normal
women 

Conception cycles in the group of 32 women with well-timed intercourse in their non-conception cycles showed a
significantly stronger early luteal rise in PdG and higher mid-luteal E1G and PdG concentrations compared with non-
conception cycles from the same women. Conception cycles also tended to have a more rapid mid-cycle transition from
follicular production of oestrogen to luteal production of progesterone (i.e. a more rapid luteinization reflected in a
steeper descent of the E1G:PdG ratio), but this difference was not statistically significant
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Urinary hormone levels during the natural menstrual cycle: the effect of age 

In conclusion, this study has revealed a clear pattern of changes in steroidal sex hormone levels within the reproductive
age range while gonadotropin levels did not. This is consistent with a decline in ovarian but not hypothalamic–pituitary
functioning with increasing age. 
The relationship of these changes to reproductive function and menstrual cycle symptomatology merits further study.
Briefly, testosterone and progesterone levels throughout the cycle were highest in the third decade of life then declined.
Both hormones have been implicated in pre menstrual symptomatology although further research is needed. 
The possible impact of hormone level changes through one or more pregnancies on the subsequent pattern of
progesterone and testosterone production remains to be explored as a possible factor in the decline. In contrast,
oestrogen production was well maintained into the fifth decade although the ovulatory peak levels were reduced
significantly, perhaps as a prelude to reduced fertility and the onset of menopausal symptomatology. 
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Urinary steroid profile in early pregnancy after in-vitro fertilization

Hormonal events surrounding implantation and early pregnancy are complex and still poorly understood. Several factors
(steroid metabolites) show significant changes after successful IVF. 
We can conclude that androgens, progesterone and corticoids play an important part in early pregnancy and fetal development
 

Monitoring of ovarian activity by daily measurement of urinary excretion rates of oestrone glucuronide and pregnanediol
glucuronide using the Ovarian Monitor, Part III: Variability of normal menstrual cycle profiles

Daily self determination of urinary E1G and PdG excretion rates gave the women valuable tools in assessing and
understanding their personal fertility and defining their fertile window accurately, even in complex menstrual cycle profiles. 
In particular, the PdG excretion rates were vital in defining the periods of fertility and infertility in the complex menstrual
cycle profiles. 
The E1G and PdG results have obvious relevance for natural family planning methods.
 

Use of urinary pregnanediol 3-glucuronide to confirm ovulation 

In order to provide women with a simple, home-based test to identify the absolute infertile period after ovulation, we have 
demonstrated a new objective measure that is 99–100% specific for the ovulation event as confirmed by ultrasound. 
In order to avoid the previous challenge of the individual woman’s menstrual cyclic variations in urinary concentrations of
PDG, we have proposed a novel model that employs three consecutive days of PDG tests above a threshold of 5 lg/mL after
either LH positivity or highly fertile mucus. 
This model is 99–100% specific for ovulation depending of the scenario used and is thus a very promising tool for women
wanting a conservative and reliable measure to com plement their Fertility Awareness Based Method. 

Monitoring of ovarian activity by measurement of urinary excretion rates using the Ovarian Monitor, Part IV:  the relationship
of the pregnanediol glucuronide threshold to basal body temperature and cervical mucus as markers for the beginning of
the post ovulatory infertile period

The alternative of daily monitoring of PdG excretion rates with the current Ovarian Monitor is, while highly efficient, probably
too time consuming for most individuals, although newer methods might make this a reality. 

 

 

Characteristics of urinary luteinizing hormone surge in young ovulatory women 

The LH surges that result in ovulation are extremely variable in configuration, amplitude, and duration. 
The FSH rise does not seem essential for ovulation. 
However, an E1C rise occurred in all cycles, confirming the critical role of estrogen in induction of the LH surge.

Urinary estrogen and progesterone metabolite concentrations in menstrual cycles of fertile women with non-conception,
early pregnancy loss or clinical pregnancy

Estrogen concentrations varied from cycle to cycle, and higher estrogen was associated with achieving clinical pregnancy. 
Compared with clinical pregnancy cycles, log(PdG) concentrations were lower in non-conception cycles during the follicular
phase, but this analysis lacked power for multiple testing.
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Types of ovarian activity in women and their significance : the continuum (a reinterpretation of early findings) 

These studies demonstrate the value of frequent monitoring of ovarian hormone production. 
The patterns obtained identify the various types of ovarian activity, the times of ovulation, infertility and possible fertility 
and clarify the bleeding patterns
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At home testing: optimizing management for the infertility physician 

Home testing fulfils a need. Many of these needs stem from consumer demand. 
Patient privacy is maximally protected through at-home testing. At home testing also may offer patients a sense of
autonomy not present when dealing directly with a physician. 
Furthermore, patients may find cost savings in buying over the counter testing when compared with office-based tests.
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Development of the first urinary reproductive hormone ranges referenced to independently determined ovulation day 
 
In conclusion, this study highlights the accuracy and reliability of urinary hormone measurements for predicting and
confirming ovulation, perhaps in some instances, replacing the need for blood sample analysis. Furthermore, it provides
reproductive hormone ranges referenced to the actual day of ovulation, to give urinary hormone ranges for use in the
examination of menstrual cycle endocrinology and for close cycle monitoring for timing of interventions. 
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Monitoring the menstrual cycle: Comparison  of urinary and serum reproductive hormones referenced to true ovulation

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.
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Detection of ovulation, a review of currently available methods 

An ideal method to detect ovulation should be (a) non-invasive, (b) inexpensive, (c) easily available and easy to use (as a POC
method), (d) precise in determining ovulation, and (e) precise in determining the fertility window. None of the
aforementioned methods fits all of these features. However, with modern technology, a combination of different methods
may be incorporated into one small pocket machine for computerized analysis. A better understanding of physical and
hormonal changes during ovulation and improvements in biotechnology may help develop additionally useful and accurate
methods to detect ovulation
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Progesterone Supplementation for Luteal Support in Infertility Treatments: Examining the Prevalence of Use in Infertility and
General OB/GYN Clinics

The impact of luteal-phase progesterone supplementation on non-ART treatment cycle outcomes is controversial.
Nevertheless, our survey demonstrates that the empiric use of luteal-phase progesterone supplementation in these
treatments is widespread among both general OB/GYN practitioners and REI specialists. We identified statistically significant
differences in usage patterns with respect to indication and progesterone formulation among practitioners. These findings
point to the lack of standardization and suggest the need for prospective trials to examine the role of progesterone
supplementation in non-ART treatments. 
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 New Technologic Aids for Methods of Natural Family Planning

The researchers found excellent correlations between serum and urine measures of the reproductive hormones, i.e., with
urinary LH against serum LH (coefficient of correlation r = 0.72), Urinary E3G with serum E (coefficient of correlation r = 0.51),
and urinary P3G with serum progesterone (coefficient of correlation r = 0.81).

 

Urinary luteinizing hormone tests: which concentration threshold best predicts ovulation? 

Beginning LH testing earlier in the cycle (day 7) with a threshold of 25–30 mIU/ml may present the best predictive value for
ovulation within 24 h. However, prediction by LH testing alone may be affected negatively by several confounding factors so
LH testing alone should not be used to define the end of the fertile window. Complementary markers should be further
investigated to predict ovulation and identify the fertile window. The use of the peak cervical mucus along with an LH test
may provide a higher specificity and predictive value than either of them alone

Characterization of hormonal profiles during the luteal phase in regularly menstruating women 

Our results provide some evidence in favor of a prolonged pituitary activity during the luteinization process in which LH
changes in the early luteal phase are likely modulated by P levels. There is utility in conceptualizing the luteal phase as three
distinct phases. Our results are compatible with a luteal phase model that includes three processes: the first is a modulated
luteinization process, whereas the second and the third are relatively less modulated processes of progestation and
luteolysis. 

 
Spontaneous miscarriage in first trimester pregnancy is associated with altered urinary metabolite profile

Our analysis of patients presenting with threatened miscarriage in this study presents compelling evidence pointing to
progesterone deficiency, increased stress hormones and loss of energy production via fatty acid oxidation in the placenta as
primary pathways culminating in spontaneous miscarriage. Urine metabolites may provide a simple non-invasive test
enabling better risk stratification of women with threatened miscarriage. In addition, dietary carnitine supplementation for
pregnant women with threatened miscarriage may reduce the risk of spontaneous miscarriage. As this study is a pilot trial,
further investigation with a larger patient cohort and experiments on the role of carnitines in spontaneous miscarriage will
be necessary to verify these novel findings. 
 

Towards the clinical evaluation of the Luteal Phase in fertile women: a preliminary study of normative urinary hormone
profiles 

A clinically feasible proposal to thoroughly study the luteal phase hormonal profile has been offered. A preliminary range for
the main luteal urinary reproductive hormones and a luteal phase classification by zone has been provided. The importance
of accurate ovulation detection to correctly locate the luteal phase, in order to evaluate it properly, has been highlighted.
Also, different aspects of hormonal urine sample collection and the concentration or excretion rate adjustment have been
evaluated. The clinical importance of the assessment of the luteal phase has merely been discussed, and further studies
should be conducted on this matter. 

Hormonal smartphone diagnostics 

While hormone-monitoring devices have been made previously available in the market, they will greatly benefit from their
use in combination with a smartphone app for conception/contraception, both as part of daily personal monitoring, and as
a research tool in related scientific disciplines. Today, point-of-care diagnostics allow patients to obtain timely results
without the need for expensive equipment and promote awareness and responsibility in patient

Luteal start vaginal micronized progesterone improves pregnancy success in women with recurrent pregnancy loss 

This observational cohort study found the use of luteal start vaginal micronized P was associated with improved pregnancy
success in a strictly defined cohort of women with RPL. We propose that luteal start vaginal micronized P leads to improved
endometrial gland development, which optimizes the local environment for early maintenance of pregnancy. 
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Self-Monitoring of Fertility Hormones: A New Era for Natural Family Planning? 

Measurements of urinary derivatives of estrogen and progesterone can be used to monitor the ovaries directly and are
clearer indicators than traditional NFP methods.

Confirmation of ovulation from urinary progesterone analysis: assessment of two automated assay platforms

In a sample of women in whom ovulation was carefully characterized (confirmatory cohort) we found that measurement of
urinary P4 using an automated assay reproducibly demonstrated comparable relative concentration changes to PDG. 
Compared with PDG, the Architect P4 assay demonstrated satisfactory receiver operator characteristics and positive and
negative predictive values.
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Hormonal predictors of abnormal luteal phase in normally cycling women 

A long preovulatory phase was a predictor of short luteal phase, with or without adjustment for other variables. 
A high periovulatory PDG level was a predictor for short luteal phase as well as normal then low luteal PDG level. A low
periovulatory PDG level predicted low PDG and low then normal luteal PDG level, with or without adjustment for other
variables. A small maximum follicle predicted normal then low luteal PDG level, with or without adjustment for other
variables. 
The relationship between small maximum follicle size and short luteal phase or small maximum follicle size and low PDG
was no longer present when the regression was adjusted for certain characteristics. 
A younger age at menarche and a high body mass index were both predictors of low PDG
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Pilot observational cohort study on the use of a novel home-based urinary pregnanediol 3-glucoronide (PDG) test to confirm
when used as adjunct to fertility awareness methods (FAMs) stage 1 

This is first study to clinically evaluate this test when used as adjunct to the fertility awareness methods. While this pilot
study was not powered to validate or test efficacy, it helped to provide information on power, recruitment and retention,
acceptability of the procedures and ease of its use by the participants. Given this test had a preliminary result of 100%
specificity, further research with a larger clinical trial (stage 2) is recommended to both improve this technology and
incorporate additional approaches to confirm ovulation
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Pilot evaluation of a new urine progesterone test to confirm ovulation in women using a fertility monitor 

The 5µg/mL PDG test confirmed ovulation in 82% of cycles and could assist women in the evaluation of the luteal progesterone
rise of their menstrual cycle.
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Combination of Home-Based Hormonal and Mobile Technology for Virtual Monitoring of menstrual Cycles

The use of e-technology for monitoring the menstrual cycle in selected patients has been very satisfying for both patient and
clinicians. This clinical monitoring virtually and dynamically provided us with timely input in diagnosis and treatment. With
higher expectations of virtual care since the pandemic, we have been able to implement our experience in a more effective
way with the use of an information sheet. Medical students and nurses have also benefited from this sheet as a quick
introduction to the approach. Virtual care is here to stay, so our experience could provide a template on how to monitor the
menstrual cycle remotely. 

 

Descriptive analysis of the relationship between progesterone and basal body temperature across the menstrual cycle

PdG and BBT had parallel increases at low PdG rates but diverged at higher rates 

Quantitation of serum pregnanediol-3-glucuronide level in different endocrine statuses by LC–MS/MS 

In a sample of women in whom ovulation was carefully characterized (confirmatory cohort) we found that measurement of
urinary P4 using an automated assay reproducibly demonstrated comparable relative concentration changes to PDG. 
Compared with PDG, the Architect P4 assay demonstrated satisfactory receiver operator characteristics and positive and
negative predictive values.

Reference intervals for urinary steroid metabolome: The impact of sex, age, day and might time on human adult
steroidogenesis 

This study gives unprecedented new insights into sex-and age-specificity of the human adult steroid metabolome and
provides further information on the day/night variation of urinary steroid hormone excretion. The population-based reference
ranges for 40 GC-MS measured metabolites will facilitate the interpretation of steroid profiles in clinical practice. 
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Micronized vaginal progesterone to prevent miscarriage: a critical evaluation of randomized evidence

In summary, the PRISM and PROMISE trials found a small but positive treatment effect that seems to be dependent on the
number of miscarriages. Our analysis did not suggest any benefit from progesterone therapy for women with early
pregnancy bleeding but no history of miscarriages. We believe that the dual risk factors of early pregnancy bleeding and a
history of one or more previous miscarriage(s) identify high-risk women in whom progesterone is of benefit. The question is
how this should affect clinical practice. We recommend that the information should be communicated to women at high risk
of miscarriages to enable shared decision-making. Our suggestion is to consider offering to women with vaginal bleeding
and a history of 1 or more previous miscarriage(s) a course of treatment with vaginal micronized progesterone 400 mg twice
daily, started at the time of presentation with vaginal bleeding and continued to 16 completed weeks of gestation. In the
United Kingdom, we estimate that implementing this treatment strategy would result in an additional 8450 live births per
year. 
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