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Background: Understanding individual ovarian hormone cycles and their relationship with health, performance and injuries is highly important to practitioners supporting female athletes. Venous blood sampling is the current gold standard for measuring the ovarian hormones, but the invasive nature of this method presents a major barrier in sport environments. Saliva analysis may offer an alternative method as it is non-invasive, allowing the sample to be collected “in situ”, with relative ease, necessary in applied sport environments.



Objective: The aims of this study were: (i) To compare the concentration of progesterone between capillary blood and saliva, (ii) To assess the efficacy of weekly measurements of progesterone for determining if ovulation has occurred in elite eumenorrheic football players, and (iii) To establish a saliva criteria cut-off for establishing ovulation and assessing the sensitivity, specificity and accuracy values of the method.



Methodology: Twenty-one professional and semi-professional, Spanish league female football players (18.6 ± 1.5 years, 58.1 ± 6.0 kg, 164.0 ± 4.8 cm) with natural menstrual cycles, completed the study. Capillary blood and saliva samples were collected from each participant on twelve occasions each separated by at least 7 days. All samples were collected in the morning, following an overnight fast.



Results: According to luteal phase serum progesterone concentrations, 11 out of 21 (52%) players presented with menstrual irregularities (oligomenorrheic n = 6, anovulatory n = 4, amenorrhoeic n = 1). A significant correlation was observed between plasma and saliva progesterone in the estimated eumenorrheic group (r = 0.80, p = <0.001, 95% CI 0.72–0.86). The association between serum and saliva progesterone was weaker in the oligomenorrheic group (r = 0.47, p = <0.001, 95% CI 0.27–0.64) and was not present in the anovulatory or amenorrhoeic groups.



Conclusions: Salivary measurements of progesterone are well correlated with capillary blood when taken during eumenorrheic menstrual cycles and presents a viable, non-invasive method of establishing characteristic progesterone fluctuations in applied sport settings. The strength of the association appears to be concentration dependent. A luteal phase saliva progesterone (P4) >50 pg/ml and >1.5× follicular baseline has good sensitivity, specificity, and accuracy to indicate ovulation compared to established criteria for serum progesterone.
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1 Introduction

A higher incidence of menstrual irregularities has been reported in athletes compared to the general population, particularly at the professional level (1). Amenorrhea, oligomenorrhea and hypermenorrhea can range from 0% to 61% (2). For this reason, there is considerable interest in increasing the knowledge of the menstrual cycle (MC) physiology and its influence in sport performance and injury risk (3). Despite a current lack of evidence to support MC phase-based training interventions (4), menstrual cycle monitoring is becoming a more commonly used tool to help understand an individual's menstrual status and inform female athlete health and performance support (5). In addition, increased awareness of musculoskeletal injuries in female athletes has resulted in greater focus and interest on potential risk factors including the influence of MC phases (6, 7) and therefore the individual hormonal profile.

Effective MC monitoring requires objective measurement of ovarian hormones, notably oestrogen and progesterone, that fluctuate throughout the natural MC with high intra and inter-individual variability (8–10). Measurement of the ovarian hormones in venous blood is generally considered the gold standard, but it is invasive and often impractical (8). Capillary blood sampling offers a less invasive alternative, yet still requires qualified professionals to carry it out, limiting its feasibility in many elite sport environments.

The characteristic fluctuations of progesterone during a natural MC have previously been observed in saliva (11–13). Lipid-soluble unconjugated progesterone enters saliva predominantly via the intracellular route, and concentrations are independent of saliva flow rate, and closely approximate their unbound concentration in plasma (14). Thus, salivary progesterone can be used as part of an assessment of normal ovarian function (15, 16).

Measurement of salivary progesterone could provide a reliable reference for its blood concentration (17) and accessible method for capturing the key characteristics of a eumenorrheic MC, thereby enabling greater exploration of the influence of the MC on health, exercise performance and injury risk. For this reason, our aims for this study were (1) to compare measurements of progesterone between capillary blood and saliva within a group of elite football players, and (2) assess the efficacy of a protocol to indirectly determine ovulation by weekly progesterone measurement and (3) to establish a saliva criteria cut-off for the sensitivity, specificity and accuracy values of the method.



2 Material and methods


2.1 Design

On-field longitudinal study based on repeated measures of an elite football cohort.



2.2 Subjects

Twenty-one professional and semi-professional female football players were recruited for the study. All players monitored their menstrual cycle, using a calendar-based method (club app) and reported as having natural menstrual cycle (no use of hormonal contraception for at least 6 months, no switch to hormonal contraception during the study, not taking hormone-based medication), and provided informed consent. Ethical approval was granted by Clinical Research of the Catalan Sports Council Ethical Review Committee (application number: 012/CEICGC/2021) and a local Barça Innovation Hub Ethical Committee.



2.3 Sample collection

Capillary blood and saliva samples were collected from the players 1 day per week, for 12 weeks which corresponds approximately to three individual menstrual cycles. All players provided samples on the same day irrespective of individual menstrual cycle phase. All capillary blood and saliva samples were collected within 5–15 min of each other, in the morning with the players in a rested and fasted state.

Capillary blood was collected from a finger using specific Microvette capillary tubes (Sarstedt, Germany) by a healthcare professional for subsequent analysis. Samples were centrifuged (3,000 g × 10 min) and plasma concentration levels of progesterone were measured by a chemiluminescence immunoassay performed on an Atellica IM 1,600 instrument (Siemens Healthineers, Germany) (18). Measuring interval was 0.21–60 ng/ml and assay imprecision was <10%.

Saliva samples were self-collected by each player, using the passive drool method, where 1.5 ml of saliva was collected into Eppendorf tubes (Germany) and visually inspected for blood contamination; and although samples can be stable at room temperature for a week or longer (19) these were immediately frozen at −20°C at the Club's medical facilities before subsequent laboratory analysis (Mint Diagnostics, Kent, UK). Prior to collection of saliva, participants refrained from eating, drinking, or brushing teeth for 30 min to ensure sample clarity and viability. Once at the laboratory, samples were centrifuged (10 min at 2,000–3,000 g at room temperature). Samples were tested in duplicate to determine progesterone concentrations (average CV 2.2%) using commercially available enzyme immunoassays (IBL International, Germany). Each sample was pipetted into the well of the Microtiter Plate. Samples were then incubated for 60 min at room temperature (18–25°C). Enzyme Conjugate was pipetted into the well and mixed for 10 s using a plate shaker. Samples were then covered with adhesive foil and incubated for a further 60 min at room temperature (18–25°C). The foil was removed, and the incubation solution discarded. Tetramethylbenzidine (TMB) substrate solution was pipetted into each well and incubated for 30 min at room temperature (18–25°C). The substrate reaction was stopped by adding TMB stop solution into each well, and the contents mixed by gently shaking the plate—the color then changed from blue to yellow. A photometer Chromate 4,300 (Awareness Technology Inc, USA) was used to measure the optical density at 450 nm (reference wavelength: 600–650 nm) within 15 min after pipetting of the stop solution. Measuring range was 25–5,000 pg/ml and assay imprecision was <10%.



2.4 Determining ovulation

Following Wideman et al., a menstrual cycle was identified as being ovulatory, when luteal capillary blood progesterone levels exceeded 2 ng/ml (20).



2.5 Blood and saliva sample correlation analysis

Statistical analysis of the by-group saliva and capillary blood concentrations were carried out using the Python data science stack (NumPy, Pandas, SciPy). Pearson's correlation coefficient was employed in the individual and group saliva-blood correlations. We conducted a retrospective analysis of menstrual cycle data to evaluate ovulation status based on saliva progesterone (saliva P4) values only. Menstrual cycle lengths were calculated for each participant by counting from the first day of menses up to and including the day before the next menses. For each MC, we extracted the maximum luteal saliva P4 (P4max) from measurements within the second half of the individual's cycle. We also calculated the median follicular saliva P4 (P4follicular) from the first half of the cycle. The ratio of P4max: P4­follicular was computed as P4ratio. Based on cycle classification using blood criteria (receiver operating characteristic (ROC) curve analysis (Scikit-learn) (21) was applied to the set of complete cycles to provide thresholds for P4ratio and P4max as predictors of ovulation.




3 Results


3.1 Subjects

Twenty-one female Caucasian players (Age, 18.6 ± 1.5 years, body mass 58.1 ± 6.0 kg, height 164.0 ± 4.8 cm) were classified as assumed ovulatory (n = 10), oligomenorrheic (n = 6), anovulatory (n = 4) or amenorrhoeic (n = 1) according to specific criteria: presence of menses, MC length 21–35 days, luteal phase blood P4 > 2 ng/ml (20) (Table 1).


TABLE 1 Group classification according to different menstrual cycle.
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3.2 Capillary blood & saliva comparison

Based on the blood criteria (luteal phase blood P4 > 2 ng/ml), 52% of the players monitored presented with assumed menstrual irregularities. There were no differences between groups in age (p > 0.05) or age of menarche (p > 0.05).

A strong and significant correlation between progesterone levels measured in plasma and saliva was observed in the eumenorrheic group (r = 0.80, p < 0.001, 95% CI 0.72–0.86).

A moderate and significant correlation was found in the oligomenorrheic group (r = 0.47, p < 0.001, 95% CI 0.27–0.64). There were no significant correlations found in the anovulatory (r = 0.10, p = 0.947, 95% CI −0.28 to −0.30) or amenorrhoeic (r = −0.38, p = 0.19, 95% CI −0.75 to −0.21) group.

Saliva and capillary blood correlations for individual players are presented in Figure 1. Median and interquartile range for each group were eumenorrheic r = 0.90 (0.84–0.96), oligomenorrheic r = 0.71 (0.49–0.90) and anovulatory r = 0.34 (0.22–0.54).


[image: Figure 1]
FIGURE 1
Individual correlations between capillary blood and salivary progesterone concentration, classified by menstrual status.




3.3 Ovulation determination

To test the efficacy of using weekly salivary progesterone measurements to estimate the occurrence of ovulation, the sensitivity, specificity, and accuracy of luteal phase salivary progesterone was assessed against established blood-based criteria for ovulation (20).

We identified that a luteal phase salivary progesterone level being greater than 1.85 times the follicular baseline demonstrated good sensitivity (0.85), specificity (0.91), and accuracy (0.88) in indicating ovulation when compared to established criteria for blood progesterone. Using these criteria, we classified ten players as eumenorrheic, six as oligomenorrheic, four as anovulatory and one player as amenorrhoeic (Table 1).



3.4 Saliva criteria cut-off

Fifty complete menstrual cycles were used to evaluate different criteria for predicting ovulation including 24 ovulatory cycles and 26 anovulatory cycles according to the blood criteria. Receiver Operating Characteristic (ROC) curve analysis of P4ratio as a predictive variable identified 1.85 as the optimal threshold for balancing sensitivity and specificity with an area under the curve (AUROC) of 0.86. Separately, ROC curve analysis of P4max yielded an AUROC of 0.85 with an optimal threshold of 76 pg/ml.

The sensitivity (true positive rate), specificity (true negative rate) and overall accuracy of using both P4ratio and P4max thresholds individually and combining the two are shown in Table 2.


TABLE 2 Saliva criteria cut-off.
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4 Discussion

To the knowledge of the authors, this is the first study examining the utility of capillary and salivary measures of progesterone taken in an elite training environment to understand the menstrual health of female professional football players. The aim of our study was to (i) to compare the concentration of progesterone between capillary blood and saliva, (ii) assess the efficacy of weekly measurements of progesterone for estimating if ovulation has occurred in elite football players, and (iii) to establish threshold criteria for salivary progesterone and assess the sensitivity, specificity, and accuracy of the method. The main finding of this study is that salivary measurements of progesterone are well correlated with capillary blood when taken during assumed-ovulatory MCs.


4.1 Saliva samples compared with capillary blood samples

Salivary progesterone represents the biologically active fraction of the hormone found in blood i.e., not bound to sex hormone-binding globulin (22) represents approximately 1%–2% of the total serum concentration of the hormone (23). A primary finding of this study is that salivary measurements of progesterone are well correlated with capillary blood when sampled from individuals whose MCs are assumed to be ovulatory due to luteal concentrations of progesterone. This agrees with previous studies exploring the association between serum and salivary measures of progesterone, showing strong correlations in healthy women with regular menstrual cycles (24) and women undergoing assisted reproduction treatment (25, 26).

The strength of the association between saliva and capillary blood appears to be concentration dependent. A strong and significant correlation was observed in the eumenorrheic group, which weakened with menstrual irregularities; a moderate significant correlation was found in the oligomenorrheic group but there were no significant correlations found in the anovulatory or amenorrhoeic groups (Figure 2). The weaker correlation observed in the individuals with menstrual irregularities may be due to the intra-individual range in hormonal concentration and a function of the reduced variability in both the saliva and capillary blood data i.e., the menstrual irregularities observed reduced the natural variability of progesterone concentration across each MC. Alternatively the lack of association could be due to the small sample size of this study.


[image: Figure 2]
FIGURE 2
Examples of capillary blood and salivary progesterone measured across menstrual cycles in a eumenorrheic-ovulatory player (A) an oligomenorrheic player (B) an anovulatory player (C) and an amenorrheic player (D) vertical lines indicate days of menses.




4.2 Protocol efficacy

Menstrual cycle monitoring is increasingly utilised in research and applied practice to help inform the health and performance preparation of female athletes. Despite methodological guidance (4) many studies and day-to-day applied practice fail to quantitatively measure ovarian hormones, relying only on the presence of menses and counting days for MC length and phases. In our study, luteal phase progesterone concentrations of >2 ng/ml were consistently observed across the MCs in 10 out of the 21 players investigated and these cycles were classified as assumed ovulatory (20). We acknowledge that the gold-standard methodology to robustly characterise ovarian hormone profiles would include urinary ovulation kits to establish the mid-cycle luteinizing hormone surge and blood sampling in 4 phases of the MC (27, 28) but this study took place within the constraints of a professional football environment where availability of players, time and resource requirements often make research challenging. Therefore, this study represents an attempt to establish a protocol that was practically feasible in an elite football environment as well as ecologically valid. Despite only measuring progesterone once per week, we were still able to observe the known inter and intra-variation that exists in the concentrations and fluctuations of ovarian hormones in circulation (8, 29), and use that data to characterise a hormone profile of the cohort in a way that would not have been possible had we simply relied on the presence of menses and calendar based MC length to assess MC status. Indeed, of the 21 players we monitored, 11 had luteal phase progesterone concentrations <2 ng/ml, suggestive of a menstrual irregularity, despite the presence of regular menses (Table 1). If progesterone had not been measured, these players may have been falsely classified as ovulatory and may not have received potentially crucial further investigation.

Despite the practical benefits of sampling all of the players on the same day each week, irrespective of where each player was within their own MC, we do acknowledge that this may have resulted in missing the luteal rise in progesterone on some occasions and that more targeted and individualised sampling, with the possible addition of urinary ovulation testing, would be desirable, to more rigorously establish ovarian hormone profiles.



4.3 Saliva criteria

Reference ranges for serum progesterone are well established (20). Although saliva provides a more accessible means of measuring hormones in a research and applied setting there are currently no confirmed thresholds for salivary progesterone. We measured progesterone concentrations, weekly for 12 weeks in 21 elite football players. We identified that a luteal phase salivary progesterone level exceeding 50 pg/ml and being greater than 1.5 times the follicular baseline demonstrated good sensitivity (0.86), specificity (0.92), and accuracy (0.88) in indicating ovulation when compared to established criteria for blood progesterone (20) Using these criteria, we classified ten players as eumenorrheic, six as oligomenorrheic, four as anovulatory and one player as amenorrhoeic (Table 1).




5 Considerations and future directions

High variability in hormone concentration and MC irregularities are common in the first 2–3 years post menarche (30, 31). Menstrual cycles can often range between 21 and 45 days, with lower progesterone and high incidence of anovulatory cycles and oligomenorrhea (31, 32). Full gynaecological maturity can take up to 6 years post menarche (33). The players in our study ranged between 4 and 9 years post-menarche, so it is possible that the high proportion of oligomenorrhea and anovulatory cycles we observed was influenced by the gynaecological maturity of some of the group. The number of young players training in elite football environments is increasing rapidly (34), so future MC research should focus on larger cohorts of young female players and consider the influence of gynecological age, to help refine criteria for ovarian hormone profiling and help establish this efficient and non-invasive method of MC monitoring.



6 Conclusions

Salivary measurements of progesterone are well correlated with capillary blood when taken during assumed ovulatory MCs. The strength of the association appears to be concentration dependent. A luteal phase salivary P4 > 50 pg/ml and >1.5× follicular baseline has good sensitivity, specificity, and accuracy to indicate ovulation compared to established criteria for blood progesterone. Whilst this study has shown weekly measurements of salivary progesterone can estimate if ovulation has occurred, the criteria established here should be tested in larger studies, across a range of populations. Furthermore, research to help establish a “cut-off” for luteal phase salivary progesterone would also aid in establishing this efficient and non-invasive method of MC monitoring.
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