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INTRODUCTION

The World Health Organization (WHO) warns that physical inactivity increases the number of global public health problems, such as the risk of non-communicable diseases (e.g., hypertension, diabetes, and cancer), stroke, heart attack, and mortality (World Health Organization, 2010). Alarming data from WHO indicate that about a quarter of the world's population is insufficiently active with a higher incidence in women (34%) than men (28%) in 2008 (World Health Organization, 2014) and 2016, 32 and 23%, respectively (World Health Organization, 2016). In 2018, a paper of The Lancet Global Health showed that women are about 8% more physically inactive (Guthold et al., 2018). Recognizing that many physically inactive adults have simply not initiated physical exercise programs, many other individuals are currently inactive after dropping out of exercise in the weeks and months of physical activity program initiation.

Recently, it has been shown that most people dropped out from regular physical exercise in the first few months (Withall et al., 2011; Sperandei et al., 2016). Sperandei et al. (2016) indicated that the dropout rate will reach more than half (i.e., 63%) of new exercise practitioners, from which only 4% will adhere to exercise beyond 12 months. Such concerns related to dropout seem especially important among women (Bennie et al., 2019). Also notable is research suggesting that women are motivated by exercise that produces pleasant feelings (Brickman and Campbell, 1971; Kahneman et al., 1999; Anderson et al., 2014; van Uffelen et al., 2017). Such motivations are highly relevant given the alterations to mood state linked to the menstrual cycle (MC).

In the premenstrual period, the hormonal fluctuations trigger several neural mechanisms that bring about physical (e.g., pain, swelling) and psychological (e.g., negative affect and mood) symptoms (Hellstrom and Anderberg, 2003; Ossewaarde et al., 2010; van Wingen et al., 2011). This psychological measure (e.g., positive affect) contributes to permanence in an activity (e.g., physical exercise). However, although the literature shows a strong relationship of dose–response between pleasant feelings and adherence, data generated about MC impact to the exercise adherence is still limited and, generally, does not consider the differences between the sexes and MC phases. Therefore, the present viewpoint highlights possible psychological barriers that the MC can generate in the adherence of women to physical exercise.



MENSTRUAL CYCLE AND PSYCHOLOGICAL RESPONSES

Among the earliest studies on the MC were conducted by Robert Frank in the mid-1930s (Frank, 1931); from then on, studies have been showing that MC is regulated by the neuroendocrine system, specifically the hypothalamic–pituitary–ovarian (HPO) axis (Frank, 1931; Davis, 1979; Kubota et al., 2016). The MC lasts ~28 days and is divided into the follicular phase (FP; 1st−14th day) and the luteal phase (LP; 15th−28th day). While the FP comprises menstruation, follicle formation, high gonadotropin-releasing hormone, and estrogen (E2) concentration, the LP is characterized by the corpus luteum formation, the premenstrual period, and high concentrations of progesterone (P4). Also noteworthy is that the transition from FP to LP corresponds to peak levels of follicle-stimulating hormone and luteinizing hormone (Wilcox et al., 2000; Oyelowo, 2007; Selgrade et al., 2009).

A systematic review and meta-analyses indicated that studies published between 1980 and 2013 determined that psychological alterations are very common in women (Steel et al., 2014). The MC is frequently related to a negative change in the psychological status (Costello et al., 2014; Steel et al., 2014; Sundström Poromaa and Gingnell, 2014; Sundstrom-Poromaa, 2018), mainly during the LP (Ossewaarde et al., 2010; van Wingen et al., 2011). Ossewaarde et al. (2010) demonstrate that women had a greater sensibility to extrinsic stress and negative affect during the LP. The psychological changes in the LP are commonly associated with the action of gonadal hormones, neuroactive steroids, and/or sensibility to a stressor in the neurocircuitry that regulates emotions. However, there are different approaches to understanding these changes.

The first approach indicates that E2 and P4 easily cross the blood–brain barrier (Bixo et al., 1995, 1997) to connect to membrane-bound receptors (Murphy and Segal, 1996; Tang et al., 2004; Brinton et al., 2008), increasing reactivity in the prefrontal cortex (PFC) and amygdala in both animals (Murphy and Segal, 1996; Womble et al., 2002; Tang et al., 2004; Hao et al., 2006) and humans (McEwen and Woolley, 1994; Foy et al., 1999). The LP (i.e., lower E2 and higher P4) compared to FP (i.e., higher E2 and lower P4) showed a decrease in the PFC function combined with high amygdala reactivity (van Wingen et al., 2008; Pletzer et al., 2019). Hence, due to the important role of P4, the reduced PFC ability to inhibit negative amygdala responses during LP opens a vulnerability window increasing negative psychological responses (Craig, 2002; Phelps and LeDoux, 2005; Andreano and Cahill, 2010).

The second approach is related to the worst feelings of emotional memory in the LP. For example, Sabin and Slade (1999) showed that their participants reported negative emotions when they remembered LP. This has been associated with the negative impact of both P4 and cortisol from the HPA–adrenal cortex pathway (Ferin, 1996; Sabin and Slade, 1999; Herman et al., 2003; Sundström Poromaa and Gingnell, 2014). Several pieces of evidence agree that while the E2 acts passively on amygdala (Bayer et al., 2014), the P4 (Frye, 2007) and cortisol (Herman and Cullinan, 1997; Buchanan et al., 1999; Roozendaal, 2000; McGaugh and Roozendaal, 2002; Young, 2004) increase excitability and enhance the amygdala communication with medial PFC (mPFC) (van Wingen et al., 2011), which orchestrate a mechanism of anticipatory responses to psychological memories pleasant/unpleasant according to previous experiences (Roozendaal, 2000; Knutson et al., 2001; McGaugh and Roozendaal, 2002; Porro et al., 2002; Ochsner et al., 2005; Ertman et al., 2011). Thereby, this approach induces to suppose that the chronic rescue of unpleasant emotions in the LP can trigger a cyclical rhythm of negative anticipatory responses in women's life.

The third approach expresses negative emotions by the action of neuroactive steroids, such as allopregnanolone, on the GABA-ergic system inhibition (Andreen et al., 2006, 2009; Backstrom et al., 2011). The allopregnanolone level is lower during FP (~1.50 nmol/L) than in the LP (~7.00 nmol/L) (Bičíkov et al., 1995; Genazzani et al., 1998), similarly to P4 behavior (see previous approach), which is key in the neurosteroidogenesis of allopregnanolone (see Genazzani et al., 1998 for details).

Considering that the GABA-ergic system facilitates the main inhibition mechanism in the brain structures that process emotions (van Wingen et al., 2011), the allopregnanolone acts to enhance the hyperpolarization and, consequently, the inhibition effect of GABA receptors (Melcangi et al., 2011). However, the paradoxical effect of dose–response of allopregnanolone can be observed. While the low allopregnanolone level (e.g., FP) generates anxiolytic feelings, similarly to barbiturates and benzodiazepines to control calmness, anxiety, and other negative emotions, the high level (e.g., LP) impairs these characteristics and increases negative feelings (Kask et al., 2008; Backstrom et al., 2011; Melcangi et al., 2011).

The last approach indicates higher stress sensitivity during LP. Previous studies showed that stress induction potentiates negative mood change (Sabin and Slade, 1999) and negative affect (Ossewaarde et al., 2010) during LP. Similarly to the daily external stress (e.g., physical exercise) (Hill et al., 2008), the mechanism of induced stress (laboratory models) describes the GnRH inhibition from hypophysis by the hypothalamus and increases the corticotrophin-releasing hormone, adrenocorticotrophic hormone, and cortisol by the adrenal cortex, respectively (Ferin, 1999; Dobson and Smith, 2000). This mechanism triggers regions of the limbic system (e.g., arcuate nucleus and amygdala), negatively changing the mood and affective responses (Herman and Cullinan, 1997; Buchanan et al., 1999; Young, 2004) mainly during the LP (Sabin and Slade, 1999; Ossewaarde et al., 2010). However, this approach is complex and can impact directly the mechanisms cited above (see Sabin and Slade, 1999; Ossewaarde et al., 2010 and previous approaches).

A literature review report, about half of the female population experience mild physical and psychological premenstrual symptoms, about one fourth experience moderate symptoms (premenstrual syndrome; PMS), and about 8% experienced severe symptoms (premenstrual dysphoric disorder; PMDD) (Frackiewicz and Shiovitz, 2001). More recent data suggest higher incidence rates, with 35 and 10% of women officially diagnosable with PMS and PMDD, respectively (Alek et al., 2004).

These data indicate that sensitivity to act on psychological mechanisms differs among women, which can generate predominant or neutral effects of psychological change. It is also possible to consider that women diagnosed with PMS and PMDD will not necessarily have negative psychological alterations between MC phases. For example, a recent study (Prado et al., 2021) indicate that healthy women who are physically active and not utilizing exogenous hormones had lower motivation and affective responses before and during exercise in the LP compared to the FP. To conclude, we need to consider (i) that all psychological mechanisms are modulated by the sensibility level of neural receptors (Rubinow et al., 1998) and by the concentration of hormones and neuroactive steroids; (ii) the capacity of each woman to cushion the negative impacts (e.g., by the resilient personability) generated in the LP (Davydov et al., 2004).

Fundamentally, the above review highlights that women are naturally exposed to several physiological and psychological alterations, mainly during the premenstrual period. Once a vulnerability window of negative emotion is identified within the LP, it is possible to extrapolate that this period can negatively impact interest in activities of daily living and perhaps exercise. This can be an important step toward improving the understanding of adherent behavior in women. A related factor is that exercise occurring during the LP is more likely to be perceived as fatiguing and to result in reduced exercise capacity when compared to exercise during the FP (Freemas et al., 2020).

Established and emerging research make it clear that exercise adherence is related to psychological responses to exercise (Brickman and Campbell, 1971; Kahneman et al., 1999; Williams, 2008; Anderson et al., 2014). Less clear based on available research is how the MC might impact acute psychological responses and exercise adherence. This deficit in the research literature is especially important given the known psychological changes associated with the LP. Therefore, several hypotheses can be generated against this backdrop of limitations.


Is the Menstrual Cycle a Barrier to Physical Exercise Adherence?

Bennie et al. (2019) observed that women were less likely to meet the adherence guidelines than men (Bennie et al., 2019). Overall, high social interaction and enjoyment can increase exercise adherence (Withall et al., 2011). Some studies have indicated that there are several motivators for exercise adherence that may vary between sexes (van Uffelen et al., 2017; Cañamero et al., 2019). For women, being able to meet friends, spending time with others, and feeling good were among the main factors, showing that the practice of exercise by women is motivated by pleasant feelings (van Uffelen et al., 2017).

On the other hand, several studies showed a decrease in negative feelings (i.e., affect, mood, anxiety) throughout the MC after an exercise training program (McDonald and Hodgdon, 1991; Petruzzello et al., 1991; Aganoff and Boyle, 1994). Aganoff and Boyle (1994) compared the effects of exercise on negative feelings throughout the MC between physically active and inactive women. Although they confirmed that the physically active group had more positive feelings compared to the physically inactive group, they also reported a high rate (i.e., about 20%) of sample loss during the study, which occurred exclusively in the physically active group. Although the authors provided a limited discussion about the dropout rate, we contend that these women may have dropped out of exercise during and/or because of the LP.

Researchers seem to agree that the premenstrual period interferes with physical activities (Hylan et al., 1999; Schneider et al., 1999; Ferrero et al., 2006) and perhaps in performance (Julian et al., 2017). Likewise, others showed a decrease of psychological tolerance during exercise (i.e., a high rating of perceived exertion; RPE) in the LP, especially caused by core temperature, P4, and cortisol (Pivarnik et al., 1992; Travlos and Marisi, 1996; Reilly, 2000; Janse de Jonge et al., 2012) that trigger some of the psychological mechanisms cited above (see section Menstrual Cycle and Psychological Responses). Also notable is that increases in stress hormones due to large doses of high-intensity exercise (Hill et al., 2008) can worsen feelings during the premenstrual period. As such, we suggest that negative emotions during LP can impair decision making, thus decreasing the tolerance for and interest in a lasting activity routine, such as adherence to physical exercise.

Recent research (Prado et al., 2021) of our group indicate lower motivation and affective responses before and during exercise in the LP compared to FP, in addition to higher RPE during exercise. Previous studies demonstrated a similar relationship between the increase in RPE and decrease in affective responses across continuous exercise (Ekkekakis et al., 2008) and the decrease of affective responses based on an increase of ventilatory rate (Vasconcelos et al., 2019). It is notable that any change between these measures (i.e., exercise intensity, RPE, affective responses, motivation) can impact the others.

Affective responses have been studied in sports science using the Feeling Scale in several contexts, including strength training (Elsangedy et al., 2018), endurance and high-intensity interval training (Oliveira et al., 2013; Kilpatrick et al., 2015), and different age groups (Benjamin et al., 2012; Barnett, 2013; Kilpatrick et al., 2015; Elsangedy et al., 2018). These studies provide support for the idea that brain structures responsible for affective responses interpret the afferent feedback from group III and IV fiber during exercise (Ekkekakis, 2003; Ekkekakis and Acevedo, 2006) and that this basic construct of pleasure has an important role to promote adherence to exercise.

Considering theories about human behavior describing how exposure to tasks that generate positive feelings can motivate adherence to exercise (Brickman and Campbell, 1971; Kahneman et al., 1999; Anderson et al., 2014), several studies showed a relationship between affective responses and adherence. A systematic review (Rhodes and Kates, 2015) demonstrated that affective responses based on moderate exercise were effective in increasing future intention to exercise. One study in this review observed that participants performing weekly physical exercise guided by their affective response showed that weekly total exercise time increased when participants self-selected the exercise intensity based on positive affective responses (Williams, 2008). Similarly, a pilot study investigating women's affective responses (Stevens et al., 2015) indicated that positive affect increased the intentions for future exercise.

Although some studies adopt several strategies to increase affective responses to exercise, such as music, video (Jones, 2015), and reduction of the exercise intensity throughout the session (Zenko et al., 2016), several psychological responses, including affect, are drastically reduced in the LP of the MC (Prado et al., 2021). Therefore, the consideration that the MC is a natural barrier for women's adherence to physical exercise is quite reasonable. Additionally, it is possible that these psychological impacts would be especially salient in women diagnosed with PMS or PMDD, who exhibit high emotional sensitivity, and those that receive hormone replacement.

In conclusion, despite the fact that the extrapolation described here was based on independent data, we believe that the extrapolations made here provide a rational and important way to consider the prevalence of exercise dropout in women (Figure 1). Therefore, we suggest that future studies should consider the statements established in this viewpoint (e.g., LP–negative affect) and develop strategies, with experimental data, to confirm the cause–effect hypothesis between LP and dropout of the exercise.


[image: Figure 1]
FIGURE 1. Schematic illustration of the possible barrier to adherence in the physical exercise by women. The uterus and ovary system; hormone and neuroactive steroids proportion; psychological responses and decision making to adherence/dropout exercise in the follicular (above) and luteal phase (bellow). BBT, basal body temperature; PFC, prefrontal cortex; RPE, rating of perceived exertion.




Future Perspectives for Research on Women's Adherence to Physical Exercise

We hope the ideas presented within this paper about the MC and adherence to physical exercise will be considered and facilitate optimization of future studies. Appropriate future research that seems appropriate include (i) follow-up studies that will identify the dropout prevalence between MC phases; (ii) studies that will demonstrate the effects of MC phases on predictors of adherence (e.g., affect); (iii) studies that evaluate the impact of hormone replacement therapy, diagnosis of PMS or PMDD, and high emotional sensitivity; and (iv) studies that will evaluate the physiological and psychological mechanisms associated that underpin the observations described within this paper.

Considering the women's particularities highlighted in this viewpoint, we also suggest that the extrapolation of data from previous studies should be cautious, mainly because these studies did not control the MC phases and/or inserted both sex simultaneously in their statistical analyses (Hall et al., 2007; Ekkekakis et al., 2008; Bellezza et al., 2009; Dasilva et al., 2011; Gerber et al., 2018, 2019; Saanijoki et al., 2018; Astorino and Sheard, 2019; Jones and Ekkekakis, 2019; Rhodewalt et al., 2019). Notably, it is important to recognize that the present paper exclusively discussed the impact of a biological factor on adherence to exercise and that, in addition to the MC, there are other factors (e.g., social environment, pregnancy, daily tasks, etc.) that can influence the adherent behavior.

Lastly, we assert that the questions raised here are important considerations within the context of global health promotion because a better understanding of how to optimize exercise experiences can reduce the burden of physical inactivity.




CONCLUSION

In summary, the present letter calls attention to the impact of the MC on negative psychological changes, mainly in the luteal phase. Therefore, we suggest that the prevalence of physical inactivity and women's exercise dropout are due in part to pleasure being impaired during the premenstrual period. Ongoing investigations of these issues can facilitate the development of best practice strategies that will promote exercise behavior and improve health outcomes among women.
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