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Abstract

:

Approximately 33% of normal-length (21–35 days) cycles have subclinical ovulatory disturbances and lack sufficient progesterone, although their normal length ensures enough estrogen. Subclinical ovulatory disturbances are related to significant premenopausal spine bone loss (−0.86%/year). Molimina, non-distressing premenstrual experiences, may detect ovulation within normal-length cycles. This prospective study assessed the relationship between molimina and ovulation. After 1-cycle of daily diary and first morning urine collections, women answered the Molimina Question (MQ): “Can you tell by the way you feel that your period is coming?” and were invited to share (a) predictive premenstrual experience(s). A 3-fold increase in follicular-luteal pregnanediol levels confirmed ovulation. In 610 spontaneously menstruating women (not on hormonal contraception, mean age 31.5 ± 5.3, menarche age 12.7 ± 1.5, cycle length [CL] 29 days, MQ positive in 89%), reported premenstrual experiences which included negative moods (62%), cramps (48%), bloating (39%), and front (26%) or axillary (25%) breast tenderness. Of 432 women with pregnanediol-documented cycles, 398 (92%) were ovulatory (CL: 29 ± 5) and 34 (8%) had ovulatory disturbances (CL: 32 ± 14). Women with/without ovulatory cycles were similar in parity, body mass index, smoking, dietary restraint and the MQ; ovulatory-disturbed cycles were longer. Molimina did not confirm ovulation. A non-invasive, inexpensive ovulation indicator is needed to prevent osteoporosis.
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1. Introduction


Traditionally, estrogen/estradiol is understood to preserve premenopausal areal bone mineral density (BMD) and thus prevent osteoporosis [1]. Hypothalamic amenorrhea is strongly associated with rapid bone loss, low bone density, and fracture; these risks at the population-level can even be seen with longer cycle lengths within the normal range of 21–35 days [2,3]. In addition, estradiol-sufficient, normal-length cycles are not always ovulatory and may not produce progesterone levels that are sufficient to counterbalance and complement the effects of estradiol [4]. Incident subclinical ovulatory disturbances (anovulation and short luteal phases within cycles that are predictable and of a regular-length) are common. They occur across one year for almost two-thirds of normal-weight, non-smoking women, initially proven normally cycling/ovulatory in two consecutive cycles; subclinical ovulatory disturbances were related to significant bone loss [5]. Based on a large population study of spontaneously cycling women with predictable, normal cycle lengths, anovulation by a cycle-timed serum progesterone level of ≤9.5 nmol/L occurred for more than 33% of women [6]. In a meta-analysis of prospective studies that tracked cycles, ovulation and BMD changes in premenopausal women, menstrual cycles with ovulatory disturbances were more prevalent than the group mean and had a weighted mean difference in spinal BMD change of −0.86%/year versus those with fewer subclinical ovulatory disturbances [7].



Spinal BMD loss of almost one percent a year, if subclinical ovulatory disturbances persist over the lifecycle of 30–40 menstruating years, is likely to put women at risk of osteoporosis and fragility fractures [8]. Subclinical ovulatory disturbances, like hypothalamic amenorrhea, are likely to occur because of various or combined “stressors” including eating too few calories to meet energy requirements, emotional distress, physical, psychological or sexual abuse or illnesses [9]. If these silent ovulatory disturbances are detected, bone loss can be prevented, and bone can be regained by treatment with “replacement” cyclic progesterone therapy [10]. Cognitive behavioral therapy has also been shown to allow reproductive recovery for hypothalamic amenorrhea [11,12].



To prevent later-life osteoporosis for women in the population, however, since less than 5% of women experience oligo/amenorrhea during one year [13], we need a way to identify subclinical ovulatory disturbances that pose an overall higher risk for osteoporosis. Since ovulatory disturbances are reversible [14] and treatable [10], to prevent subclinical premenopausal bone loss, we must detect silent ovulatory disturbances.



Prospective one-year data show that a single incident anovulatory cycle or two short luteal phase cycles per year were associated with loss of 4–6% annual cancellous volumetric spinal BMD [5]. Therefore, to detect relevant subclinical ovulatory disturbances, assessment of ovulation needs to occur for all or most cycles. Other than for fertility testing, the current cycle-timed laboratory tests that are available (such as the urinary luteinizing hormone [LH] midcycle peak) are too invasive, difficult to organize, and expensive when considering its practical use in cycle-by-cycle testing over longer durations.



Molimina is an older medical term which refers to the normal, non-bothersome changes in experience that women may perceive before menstruation (premenstrually). Molimina is reported to occur only in ovulatory cycles [15] and may involve physical changes such as fluid retention [16], breast tenderness, or negative moods [17]. Breast tenderness is of two indicative types: front or sub-areolar tenderness (associated with higher estradiol levels) or axillary or high lateral breast tenderness with the rest of the breast being asymptomatic (associated with luteal levels of progesterone and ovulatory cycles) [18]. Molimina has further been shown to be reliably absent from anovulatory cycles in a clinical study of 61 regularly cycling, normal-weight women seeking care for symptomatic hirsutism [18]. Thus, although there were two past studies seeking to validate the molimina-ovulation relationship, they both had small sample sizes and methodological limitations [6,7].



The purpose of the present single-cycle study was to confirm the relationship between molimina and an ovulatory cycle as hormonally documented using validated urinary pregnanediol (PdG) collection, analysis [19] and evaluation methods [20]. We expected that an ovulatory cycle (as confirmed by a 3-fold follicular-to-luteal phase increase in pregnanediol [PdG]) would be associated with molimina by spontaneously reported axillary breast tenderness.




2. Methods


2.1. Participants


Women were eligible to participate if they were spontaneously menstruating and had bled in the last three months, between ages 20–40 years and, in the last six months, had not been on any form of hormonal contraception. Over 18 months, using multiple recruitment methods as previously described [21], we enrolled a convenience sample of 610 eligible women. They were recruited from the Metro Vancouver (BC, Canada) region, a geographically large urban/suburban area with a population of about two million. All women provided written informed consent to a study approved by the University of British Columbia Clinical Research Ethics Board (#C06-0390).



Women were taught to record the Menstrual Cycle Diary© [22] through viewing an instructional YouTube video https://www.youtube.com/watch?v=6K9LB6afKxE and were requested to record a wide variety of experiences every night before bed. They started diary records on the first day of flow and continued until the second day of the next menstruation. They were provided with two special “paper” diaries suitable for digital scanning. Digital diary data were subsequently cross-checked against the originals; corrected data were subsequently entered into a database for integration with other participant-specific information.



Women were unpaid volunteers. However, all women were provided with feedback about their own menstrual cycle hormonal information and ovulatory status.




2.2. Flow of Participants through the Study


Women were scheduled for two visits. In their first visit, they completed a comprehensive interviewer-administered questionnaire including socio-demographic, physical, racial/cultural, reproductive and medical and lifestyle characteristics; and a modified version of the questionnaire that was used in the baseline phase of the Canadian Multicentre Osteoporosis Study (with permission) [23]. The Molimina Question (see Section 2.3) was embedded within this modified questionnaire. Participants were also instructed for their diary and urine specimen collection and had their height and weight measured for body mass index (BMI) in the m2/kg calculation. For the second visit, after the end of the study cycle, they were asked to bring in their frozen urine specimens and completed diary sheets. The Molimina Question was asked again; this second response and its volunteered indicative experience were used as the primary outcome of the analysis.




2.3. Molimina Documentation


The Molimina Question (MQ) was first validated in consecutive clinical series of 20–35 year old women with regular menstrual cycles, but whose reason for seeking medical attention was due to hirsutism (unwanted facial hair) [18]. In an interviewer-administered questionnaire, they were systematically asked: “Can you tell by the way you feel that your period is coming?” The response was scored as “always” (4), “usually” (3), “about half the time” (2), “rarely” (1), or “never” (0). The responses of (4) and (3) were categorized as ‘positive’, and responses of (2), (1) or (0) were categorized as ‘negative’”. The majority of women (46 of 61) felt they could not tell that their period was coming (responses of 0–2); however, 15 felt that they could feel that their period would soon start [3,4]. In that or the next cycle, cycle-timed serum progesterone (a serum level of 16 nmol/L was used as evidence for ovulation) was obtained on or about day 22 and confirmed to be at least three days before the next flow. Analysis showed that a negative Molimina Question had a positive predictive value for anovulation of 96%, a negative predictive value of 93%, a sensitivity of 88% and specificity of 98% based on a serum progesterone level of 16 nmol/L for ovulatory status [18]. In a different cohort, we further assessed the MQ for reliability in ~450 women, tested twice four weeks apart. Analysis using Cronbach’s Alpha showed that there was acceptable reliability between two questions within the same woman (α = 0.864).



The MQ was thus created by the first author (JCP) to be included in the Canadian Multicentre Osteoporosis Study questionnaire [23]. The MQ was followed by a request to spontaneously describe or report their most indicative premenstrual experience(s). These moliminal experiences, obtained after repeated requests but without specific prompting, were grouped by the interviewer into the following categories: cramps, increased appetite, bloating/fluid retention, breast tenderness (front or axillary or both), negative moods, headaches, breast swelling and acne. A participant could provide responses in more than one category.




2.4. Hormonal Cycle Documentation


Women were taught to collect the first morning overnight urines in a specially designed 7 mL container of bisphenol A- and hormone-free polypropylene with a small sponge embedded in the screw-top lid. They were asked to collect two specimens a week starting at cycle day eight. They were provided with printed labels including their unique study number and instructed to write the date and attach the label to a filled urine container before placing it in a provided 2 L insulated carry bag with a zipper closure and storing it in their home freezer (for a maximum of six weeks).



The returned urine samples were stored in the laboratory’s −70 degree research freezer for 1–20 months before being shipped via courier on dry ice to the measuring laboratory [19]. Urinary PdG, estrone conjugates (E1C) and specific gravity (to assess urine concentration) were measured in each first-morning urine by previously validated methods [19]. The primary ovulation-assessment method (3-fold follicular-luteal PdG increase) was validated for non-daily samples [10]. If there were problems with the primary method, ovulation was confirmed by the method of Baird [24], identifying the day on which there was a cross in data as the estrone conjugate (E1C) levels decreased (following the midcycle estrogen peak) and PdG levels increased into the luteal phase.




2.5. Statistical Analysis


We first characterized the cycle as ovulatory versus ovulatory-disturbed (meaning either anovulatory or assumed ovulatory but with a short or insufficient luteal phase). The cohort was described by socio-demographic, physical and reproductive characteristics [23]. We also compared the responses on the first visit (pre-cycle) versus the second visit (post-cycle) MQ. Subsequently, we described demographic and reproductive differences, and the proportion of positive responses to the second visit MQ, between those with ovulatory versus ovulatory-disturbed cycles. Lastly, we compared the volunteered experiences (descriptively) by ovulatory status. All analyses were completed using SPSS software (IBM Corp. Released 2016. IBM SPSS Statistics for Windows, Version 24.0. IBM Corp, Armonk, NY, USA).





3. Results


Of the 610 enrolled women, 476 remained eligible and completed the diary; evaluable hormonal data were collected by 432 of these women. The flowchart of participant recruitment through to participation in this study is shown in Figure 1. Of the 69 women who became ineligible, 36 began hormonal contraception. Thirty-three of those who became ineligible did so because they became pregnant within that cycle.



Characteristics of the women for whom molimina could be compared with ovulatory status (n = 432) are shown in Table 1 alongside the characteristics of the 610 women in the whole study cohort. The 432 women with adequate hormonal data differed from those without sufficient data (n = 179); those who did not complete the study were less educated (p = 0.011) and younger (p = 0.005), but their reproductive characteristics did not differ (data not shown).



On the first presentation of the MQ, eighty-nine percent (89%) of the 610 women in the cohort believed that they could tell by the way they felt that their menstruation would soon start (MQ positive = 3–4). The responses of those with hormonal data (n = 432) to the first MQ differed significantly from their responses to the second MQ by cross-tabulation (p = 0.001). In general, those who said that they could always tell, became less certain how frequently they experienced molimina. The opposite change occurred for those who initially reported that they could never tell who now said that sometimes they could tell by the way they felt that their period was coming.



The urinary hormone analysis revealed that 398 women met the criteria for a normally ovulatory cycle; the remaining 34 women with hormonal data had an “ovulatory-disturbed cycle” (meaning anovulation, short luteal phase or luteal insufficiency). Women with ovulatory disturbances (Table 1) were slightly but significantly younger, had experienced menarche at an older age, and had longer cycles compared with women with normal ovulatory cycles. However, these two groups did not differ in BMI, education or employment, and a similar proportion of women in each of the ovulatory status groups offered a positive response to the second Molimina Question; this included 89% of women with an ovulatory and 97% with an ovulation-disturbed cycle.



The request to volunteer a key experience that validated their MQ responses accrued a wide variety of experience changes (more than one for most women) as shown in Figure 2. This bar graph shows the percentage of women in the two ovulatory status groups who spontaneously mentioned a given premenstrual experience. About half of both ovulatory status groups voluntarily reported that cramps and negative moods (“moodiness”) were important premenstrual experiences. There were no significant differences between the two groups by ovulatory status, even for breast swelling that tended to be less frequent in women with ovulatory-disturbed cycles.




4. Discussion


This single-cycle study using the Molimina Question in a large urban convenience cohort of spontaneously cycling women between ages 20–40 years did not find that molimina was indicative of an ovulatory menstrual cycle, although we used a validated standard for evidence of ovulation (a 3-fold follicular to luteal increase in urinary pregnanediol levels) [20]. We found that only eight percent of these women experienced anovulatory or ovulation-disturbed cycles by this method. This is a significantly lower proportion than that expected, based on the single-cycle anovulation prevalence of 37% that was observed in a population-based sample of more than 3000 women using a cycle-timed serum progesterone level [6] above a validated threshold of 9.54 nmol/L) [25]. It is also significantly less than several other prospective studies [5,26,27] that used a validated quantitative basal temperature method [28]. Studies in other convenience samples that used similar urinary hormonal levels found similarly low proportions of anovulatory cycles [29,30], as observed in our cohort. Thus, there may be differences in the sensitivity of ovulatory criteria using cycle-timed serum progesterone levels and the quantitative basal temperature versus a 3-fold increase in urinary PdG levels from the follicular to the luteal phase.



The low proportions of apparent anovulation/ovulation-disturbed cycles compared with those that were ovulatory in our study did not allow us to calculate the valid estimates of the sensitivity and specificity of the Molimina Question [31]. In testing performed before we became aware of that statistical limitation, however, we found that the presence of spontaneously reported premenstrual axillary breast tenderness without front-of-the-breast tenderness was highly insensitive for ovulatory status (8.8% [95% CI 6.3, 12.0%]). However, axillary breast tenderness was highly specific for an ovulatory cycle (100% [95% CI 79, 100%]). This observation requires further investigation.



Over half of the women reported dysmenorrhea (cramps) as a premenstrual experience that suggested that their period would soon start. Since cramps normally precede flow only by hours or perhaps a day and do not appear to differ between ovulatory and anovulatory cycles, this suggests that “molimina” that includes cramps is unlikely to indicate an ovulatory cycle. Also, because in North America there is a strong cultural expectation that women become moody premenstrually, with frustration, depression or anxiety, and over half of the women, regardless of ovulatory status reported “moodiness,” there is further evidence that cultural expectations may play a role in the responses we elicited.



One limitation of this study may be that we studied a single cycle; women might well be referring to a previous set of menstrual cycle-related experiences (of unknown duration) when answering these two Molimina Questions. Also, it is unlikely that these women had previously specifically observed or recorded their cycle-related experience changes. Another limitation is that this was a fairly highly educated sample, in part because recruitment included an institution-wide email invitation to employees of a large urban academic medical center [21]. Participant responses did significantly change in the second MQ after they had recorded a cycle’s daily diary data. There may also have been a large (unmeasured) component of cultural expectation related to the past local publicity around the “premenstrual syndrome” or “PMS” that could have influenced women’s responses, especially in reporting “moodiness” which over half of the women did. In fact, almost all younger women (97%) with an ovulation-disturbed cycle reported that they usually or always could tell by the way they felt that their period was coming. Perhaps the notion of “molimina,” that originated when Medicine was very much a pattern-based rather than a science-focused discipline is simply not valid.



On the other hand, this study also had several strengths. It was a large study in an unscreened (no exclusion criteria except ovarian hormone-based contraception or therapy and not having menstruation) community-dwelling population of young adult women between ages 20–40 years. We used a validated, non-invasive method for documenting evidence of ovulation. In addition, we provided information on the specific menstrual cycle and health education. During a normal menstrual cycle, peak estradiol and progesterone levels increase by 240 and 1400 percent, respectively [32], as did various physiological functions such as the core temperature [33], bone resorption and formation biomarkers [34], caloric intakes [35] and likely QT intervals [36]. Given these hormonal and physiological changes are normal for ovulatory cycles, it would be surprising if women’s experiences and perceptions did not change.




5. Conclusions


Self-reported molimina, as measured by the standardized Molimina Question followed by volunteered specific premenstrual experience changes, was not an accurate indicator of ovulation-disturbed cycles (anovulatory or luteal phase disturbances) among women tested using a 3-fold increase in PdG from the follicular to the luteal phase as evidence for ovulation. Therefore, other than cycle-timed specific hormonal testing, we currently have no way of knowing whether a cycle that is regular and of normal length, is ovulatory. Given the high prevalence (37%) of subclinical ovulatory disturbances in the population and their association with negative changes in bone mineral density (−0.86% of spinal bone/year) and with likely risks for later-life fragility fractures (based on evidence that progesterone increases women’s bone formation and accounts for 20% of the variance in cancellous spinal bone change), other non-invasive, inexpensive and convenient methods for detecting the ovulatory status of regular, normal-length cycles are urgently needed.







Author Contributions


J.C.P. and P.J. conceived and designed the experiments; J.C.P. and C.L.H. performed the experiments; C.K., E.K. and A.G. analyzed the data; A.C., E.K., C.L.H. and N.F. provided advice, support and assistance; and J.C.P. wrote the paper. All authors contributed to editing and approval of the final manuscript.




Funding


This study was funded by the Canadian Institutes for Health Research (#200506PPR-149504) and by donations to the Centre for Menstrual Cycle and Ovulation Research through the University of British Columbia.




Acknowledgments


We thank Shirin Kalyan, University of British Columbia, who coordinated this study while a Post-Doctoral Fellow with the Centre for Menstrual Cycle and Ovulation Research; we also appreciate the excellent work of Elyse Battistella who managed this study’s database including data-entry and data-checking as well as being a key interviewer. The current obligations of Kalyan and Elyse Battistella prevent them from authorship.




Conflicts of Interest


The authors declare no conflict of interest. The founding sponsors had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, and in the decision to publish the results.




References


	



Khosla, S.; Melton, L.J., III; Riggs, B.L. The unitary model for estrogen deficiency and the pathogenesis of osteoporosis: Is a revision needed? J. Bone Miner. Res. 2011, 26, 441–451. [Google Scholar] [CrossRef] [PubMed]

	



Nicodemus, K.K.; Folsom, A.R.; Anderson, K.E. Menstrual history and risk of hip fractures in postmenopausal women. The Iowa Women’s Health Study. Am. J. Epidemiol. 2001, 153, 251–255. [Google Scholar] [CrossRef] [PubMed]

	



Ouyang, F.; Wang, X.; Arguelles, L.; Rosul, L.L.; Venners, S.A.; Chen, C.; Hsu, Y.H.; Terwedow, H.; Wu, D.; Tang, G.; et al. Menstrual cycle lengths and bone mineral density: A cross-sectional, population-based study in rural Chinese women ages 30–49 years. Osteoporos. Int. 2007, 18, 221–233. [Google Scholar] [CrossRef] [PubMed]

	



Clarke, C.L.; Sutherland, R.L. Progestin regulation of cellular proliferation. Endocr. Rev. 1990, 11, 266–301. [Google Scholar] [CrossRef] [PubMed]

	



Prior, J.C.; Vigna, Y.M.; Schechter, M.T.; Burgess, A.E. Spinal bone loss and ovulatory disturbances. N. Engl. J. Med. 1990, 323, 1221–1227. [Google Scholar] [CrossRef] [PubMed]

	



Prior, J.C.; Naess, M.; Langhammer, A.; Forsmo, S. Ovulation Prevalence in Women with Spontaneous Normal-Length Menstrual Cycles—A Population-Based Cohort from HUNT3, Norway. PLoS ONE 2015, 10, e0134473. [Google Scholar] [CrossRef] [PubMed][Green Version]

	



Li, D.; Hitchcock, C.L.; Barr, S.I.; Yu, T.; Prior, J.C. Negative Spinal Bone Mineral Density Changes and Subclinical Ovulatory Disturbances—Prospective Data in Healthy Premenopausal Women With Regular Menstrual Cycles. Epidemiol. Rev. 2014, 36, 137–147. [Google Scholar] [CrossRef] [PubMed]

	



Nguyen, T.V.; Center, J.R.; Sambrook, P.N.; Eisman, J.A. Risk factors for proximal humerus, forearm, and wrist fractures in elderly men and women: The Dubbo Osteoporosis Epidemiology Study. Am. J. Epidemiol. 2001, 153, 587–595. [Google Scholar] [CrossRef] [PubMed]

	



Williams, N.I.; Berga, S.L.; Cameron, J.L. Synergism between psychosocial and metabolic stressors: Impact on reproductive function in cynomolgus monkeys. Am. J. Physiol. Endocrinol. Metab. 2007, 293, E270–E276. [Google Scholar] [CrossRef] [PubMed]

	



Prior, J.C.; Vigna, Y.M.; Barr, S.I.; Rexworthy, C.; Lentle, B.C. Cyclic medroxyprogesterone treatment increases bone density: A controlled trial in active women with menstrual cycle disturbances. Am. J. Med. 1994, 96, 521–530. [Google Scholar] [CrossRef]

	



Michopoulos, V.; Mancini, F.; Loucks, T.L.; Berga, S.L. Neuroendocrine recovery initiated by cognitive behavioral therapy in women with functional hypothalamic amenorrhea: A randomized, controlled trial. Fertil. Steril. 2013, 99, 2084–2091. [Google Scholar] [CrossRef] [PubMed]

	



Berga, S.L.; Loucks, T.L. Use of cognitive behavior therapy for functional hypothalamic amenorrhea. Ann. N. Y. Acad. Sci. 2006, 1092, 114–129. [Google Scholar] [CrossRef] [PubMed]

	



Munster, K.; Helm, P.; Schmidt, L. Secondary amenorrhoea: Prevalence and medical contact—A cross-sectional study from a Danish county. Br. J. Obstet. Gynaecol. 1992, 99, 430–433. [Google Scholar] [CrossRef] [PubMed]

	



Prior, J.C.; Ho Yeun, B.; Clement, P.; Bowie, L.; Thomas, J. Reversible luteal phase changes and infertility associated with marathon training. Lancet 1982, 1, 269–270. [Google Scholar] [CrossRef]

	



Magyar, D.M.; Boyers, S.P.; Marshall, J.R.; Abraham, G.E. Regular menstrual cycles and premenstrual molimina as indicators of ovulation. Obstet. Gynecol. 1979, 53, 441–444. [Google Scholar]

	



White, C.P.; Hitchcock, C.L.; Vigna, Y.M.; Prior, J.C. Fluid Retention over the Menstrual Cycle: 1-Year Data from the Prospective Ovulation Cohort. Obstet. Gynecol. Int. 2011, 2011, 138451. [Google Scholar] [CrossRef] [PubMed]

	



Harvey, A.; Hitchcock, C.L.; Prior, J.C. Ovulation disturbances and mood across the menstrual cycles of healthy women. J. Psychosom. Obstet. Gynaecol. 2009, 30, 207–214. [Google Scholar] [CrossRef] [PubMed]

	



Prior, J.C. Ovulatory disturbances: They do matter. Can. J. Diagn. 1997, 14, 64–80. [Google Scholar]

	



O’Connor, K.A.; Brindle, E.; Holman, D.J.; Klein, N.A.; Soules, M.R.; Campbell, K.L.; Kohen, F.; Munro, C.J.; Shofer, J.B.; Lasley, B.L.; et al. Urinary estrone conjugate and pregnanediol 3-glucuronide enzyme immunoassays for population research. Clin. Chem. 2003, 49, 1139–1148. [Google Scholar] [CrossRef] [PubMed]

	



O’Connor, K.A.; Brindle, E.; Miller, R.C.; Shofer, J.B.; Ferrell, R.J.; Klein, N.A.; Soules, M.R.; Holman, D.J.; Mansfield, P.K.; Wood, J.W. Ovulation detection methods for urinary hormones: Precision, daily and intermittent sampling and a combined hierarchical method. Hum. Reprod. 2006, 21, 1442–1452. [Google Scholar] [CrossRef] [PubMed]

	



Battistella, E.; Kalyan, S.; Prior, J. Evaluation of Successful Methods and Costs Associated with Recruiting 600 Healthy Women Volunteers to a Study of Ovulation. J. Women’s Health 2010, 19, 1519–1524. [Google Scholar] [CrossRef] [PubMed]

	



Prior, J.C. Exercise-associated menstrual disturbances. In Reproductive Endocrinology, Surgery and Technology; Adashi, E.Y., Rock, J.A., Rosenwaks, Z., Eds.; Raven Press: New York, NY, USA, 1996; pp. 1077–1091. [Google Scholar]

	



Kreiger, N.; Tenenhouse, A.; Joseph, L.; Mackenzie, M.D.; Poliquin, S.; Brown, J.P.; Prior, J.C.; Rittmaster, R.S. The Canadian Multicentre Osteoporosis Study (CaMos): Background, rationale, methods. Can. J. Aging 1999, 18, 376–387. [Google Scholar] [CrossRef]

	



Baird, D.D.; Weinberg, C.R.; Wilcox, A.J.; McConnaughey, D.R.; Musey, P.I. Using the ratio of urinary oestrogen and progesterone metabolites to estimate day of ovulation. Stat. Med. 1991, 10, 255–266. [Google Scholar] [CrossRef] [PubMed]

	



Israel, R.; Mishell, D.R., Jr.; Stone, S.C.; Thorneycroft, I.H.; Moyer, D.L. Single luteal phase serum progesterone assay as an indicator of ovulation. Am. J. Obstet. Gynecol. 1972, 112, 1043–1046. [Google Scholar] [CrossRef]

	



Bedford, J.L.; Prior, J.C.; Barr, S.I. A prospective exploration of cognitive dietary restraint, subclinical ovulatory disturbances, cortisol and change in bone density over two years in healthy young women. J. Clin. Endocrinol. Metab. 2010, 95, 3291–3299. [Google Scholar] [CrossRef] [PubMed]

	



Bedford, J.L.; Prior, J.C.; Hitchcock, C.L.; Barr, S.I. Detecting evidence of luteal activity by least-squares quantitative basal temperature analysis against urinary progesterone metabolites and the effect of wake-time variability. Eur. J. Obstet. Gynecol. Reprod. Biol. 2009, 146, 76–80. [Google Scholar] [CrossRef] [PubMed]

	



Prior, J.C.; Vigna, Y.M.; Schulzer, M.; Hall, J.E.; Bonen, A. Determination of luteal phase length by quantitative basal temperature methods: Validation against the midcycle LH peak. Clin. Investig. Med. 1990, 13, 123–131. [Google Scholar]

	



Waller, K.; Reim, J.; Fensler, L.; Swan, S.H.; Brumback, B.; Windham, G.C.; Lasley, B.; Ettinger, B.; Marcus, R. Bone mass and subtle abnormalities in ovulatory function in healthy women. J. Clin. Endocrinol. Metab. 1996, 81, 663–668. [Google Scholar] [PubMed]

	



Lynch, K.E.; Mumford, S.L.; Schliep, K.C.; Whitcomb, B.W.; Zarek, S.M.; Pollack, A.Z.; Bertone-Johnson, E.R.; Danaher, M.; Wactawski-Wende, J.; Gaskins, A.J.; et al. Assessment of anovulation in eumenorrheic women: Comparison of ovulation detection algorithms. Fertil. Steril. 2014, 102, 511–518. [Google Scholar] [CrossRef] [PubMed]

	



Bujang, M.A.; Adnan, T.H. Requirements for Minimum Sample Size for Sensitivity and Specificity Analysis. J. Clin. Diagn. Res. 2016, 10, YE01–YE06. [Google Scholar] [CrossRef] [PubMed]

	



Nielsen, H.K.; Brixen, K.; Bouillon, R.; Mosekilde, L. Changes in biochemical markers of osteoblastic activity during the menstrual cycle. J. Clin. Endocrinol. Metab. 1990, 70, 1431–1437. [Google Scholar] [CrossRef] [PubMed]

	



Israel, S.L.; Schnelle, O. The thermogenic property of progesterone. Fertil. Steril. 1950, 1, 53–65. [Google Scholar] [CrossRef]

	



Kalyan, S.; Prior, J.C. Bone changes and fracture related to menstrual cycles and ovulation. Crit. Rev. Eukaryot. Gene Expr. 2010, 20, 213–233. [Google Scholar] [CrossRef] [PubMed]

	



Barr, S.I.; Janelle, K.C.; Prior, J.C. Energy Intakes Are Higher During the Luteal-Phase of Ovulatory Menstrual Cycles. Am. J. Clin. Nutr. 1995, 61, 39–43. [Google Scholar] [CrossRef] [PubMed]

	



Tisdale, J.E.; Jaynes, H.A.; Overholser, B.R.; Sowinski, K.M.; Flockhart, D.A.; Kovacs, R.J. Influence of Oral Progesterone Administration on Drug-Induced QT Interval Lengthening: A Randomized, Double-Blind, Placebo-Controlled Crossover Study. JACC Clin. Electrophysiol. 2016, 2, 765–774. [Google Scholar] [CrossRef] [PubMed]








[image: Ijerph 15 01016 g001 550] 





Figure 1. Flow diagram of community-dwelling women recruited to the Molimina and Ovulation Study who, at study entry, were spontaneously cycling, not using hormonal contraception and aged 20–40 years. 
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Figure 2. In the Molimina study the percentage of women reporting each premenstrual experience by ovulatory status group. 
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Table 1. The demographic, physical, socio-cultural and reproductive characteristics of women in the entire convenience cohort (on the left), and the women in the ovulatory and ovulatory disturbed subgroups. Statistical comparisons are of the two groups with hormonal data (N = 432) with significant p values in bold.
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Characteristics

	
Total Cohort (N: 610)

	
Women with Hormonal Data (N: 432)




	
Ovulatory N: 398

	
Ovulatory Disturbances N: 34

	
p Value 1






	
Age (years) Mean (SD)

	
31.5 (5.3)

	
32.1 (5.3)

	
29.4 (5.2)

	
0.005




	
BMI (kg/m2) Mean (SD)

	
24.4 (4.7)

	
24.3 (4.4)

	
23.8 (6.2)

	
0.558




	
Education: N (%)

	
0.215




	
 High-school or less

	
36 (5.9)

	
18 (4.5)

	
4 (11.8)

	




	
 University certificate or less

	
143 (23.4)

	
78 (19.6)

	
7 (20.6)

	




	
 University degree

	
431 (70.7)

	
302 (75.9)

	
23 (67.6)

	




	
Employment: N (%)

	
0.964




	
 Full-time

	
360 (59)

	
237 (59.5)

	
20 (58.8)

	




	
 Part-time

	
97 (15.9)

	
68 (17.1)

	
5 (14.7)

	




	
 Student

	
100 (16.4)

	
62 (15.6)

	
7 (20.6)

	




	
 Other

	
53 (8.7)

	
31 (7.8)

	
2 (5.9)

	




	
Age at menarche (years) Mean (SD)

	
12.7 (1.5)

	
12.7 (1.4)

	
13.3 (1.5)

	
0.012




	
Cycle length (days) Mean (SD)

	
29.3 (6.1)

	
29.3 (4.7)

	
31.8 (14)

	
0.015




	
Molimina Question (3 = usually and 4 = always)

	
545 (89.3)

	
353 (88.7)

	
33 (97.1)

	
0.682








1 Comparison between the ovulatory and ovulatory-disturbed women based on the t-test or Chi-Squared test as appropriate.
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