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Female athletes are at increased risk of menstrual disturbances. The prevalence of menstrual disturbances in British Servicewomen and the associated risk factors is unknown. All women under 45 years in the UK Armed Forces were invited to complete a survey about demographics, menstrual function, eating and exercise behaviors, and psychological well-being. 3,022 women participated; 18% had oligomenorrhoea or amenorrhoea in the last 12 months, 25% had a history of amenorrhoea, and 14% had delayed menarche. Women who sleep ≥ 8 h were at a lower risk of a history of amenorrhoea than women who sleep ≤ 5 h [odds ratio (95% confidence intervals) = 0.65 (0.48, 0.89), p = 0.006]. Women who completed > 10 days of field exercise in the last 12 months were at higher risk of a history of amenorrhoea than women completing no field exercise [1.45 (1.13, 1.85), p = 0.004]. Women at high risk of an eating disorder (FAST score >94) were at higher risk of oligomenorrhoea or amenorrhoea [1.97 (1.26, 3.04), p = 0.002] and history of amenorrhoea [2.14 (1.63, 2.79), p < 0.001]. Women with symptoms of anxiety or depression were at higher risk of a history of amenorrhoea [1.46 (1.20, 1.77) and 1.48 (1.22, 1.79), p < 0.001]. British Servicewomen had a similar prevalence of menstrual disturbances to some endurance athletes. Eating disorders, sleep behaviors, and management of mental health, provide targets for protecting health of the reproductive axis.
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Introduction

Female athletes are at risk of menstrual disturbances as a result of low energy availability, described in the Female Athlete Triad (Triad) (1, 2) and Relative Energy Deficiency in Sports (RED-S) (3, 4) frameworks. Amenorrhoea is the absence of menses (> 90 days between cycles) and oligomenorrhoea is too few menses (> 35 days between cycles) and can be caused by suppression of the hypothalamic pituitary ovarian (HPO) axis (1, 5). The Triad reflects the coexistence of low energy availability, menstrual disturbances, and low bone mineral density (1, 2). The RED-S syndrome expands the Triad to include other health and performance outcomes affected by low energy availability (3, 4). Disordered eating or the desire to be lean are pre-dispositions for the Triad and RED-S, but other risk factors such as unavoidable high exercise volumes, unintentional undereating, activity type, stress, and psychological ill-health likely contribute to menstrual disturbances (1–3). Better understanding the prevalence of menstrual disturbances and associated risk factors is important for managing health and performance in Servicewomen.

Military roles can be physically and psychologically demanding, and energy intake may not always match high total energy expenditures (6). High exercise volumes with insufficient energy intake, psychological stress, and poor sleep are all potential risk factors for disturbed menstrual function in Servicewomen [reviewed in (5, 6)]. Metabolic and endocrine studies in military personnel report acute (up to 8 weeks) responses to training characteristic of low energy availability, mainly in men (6). There are fewer data in Servicewomen, but women may be more sensitive to the metabolic disturbances induced by low energy availability (6), and are at increased risk (~3-fold) of bone stress injuries during military training (7) compared with men. High energy expenditures and low energy availability (8), disrupted HPO function and menstrual disturbances (9), psychological stress and poor sleep with normal hypothalamic pituitary adrenal (HPA) axis function (10), and bone stress injuries (11) have been reported in women undergoing British Army basic training. Basic military trains civilians to be soldiers, typically involves physical training (e.g., load carriage, running, resistance training) and learning military skills (e.g., combat field exercises, drill), and is one of the most arduous parts of a military career (12, 13). Whilst these experimental data in basic training show risk factors for menstrual disturbances and associated endocrine changes, there are no data examining the prevalence of menstrual disturbances and associated risk factors in women in the entire UK Armed Forces. Typically, disturbances to endocrine function and the menstrual cycle have been attributed to low energy availability, but Servicewomen are exposed to other stressors including poor sleep and psychological stress that could also influence menstrual function.

The primary aim of this study was to determine the prevalence of menstrual disturbances in British Servicewomen. Primary outcomes were prevalence of oligomenorrhoea or amenorrhoea, history of amenorrhoea, and delayed menarche. Secondary aims were to identify the risk factors for oligomenorrhoea or amenorrhoea and history of amenorrhoea: demographics, job role, exercise volume, risk of eating disorders, sleep, and psychological well-being were also measured. The susceptibility of women to menstrual disturbances in response to behavioral and environmental factors can differ year on year (14) and so we explored risk factors for current and history of menstrual disturbances. Better understanding menstrual disturbances and associated risk factors will help identify if outcomes associated with the Triad and RED-S are clinical risks in military employment.



Materials and methods


Participants and study design

All women aged under 45 years in the UK Armed Forces (both Regular and Reserves) were invited to take part in this observational trial and complete an online questionnaire by email. The questionnaire was hosted electronically from July to December 2021. To target those without regular access to email, the questionnaire was also advertised through routine distribution of military orders, on posters around military barracks, and on social media networks. Participants were compensated with a £5 voucher. The exclusion criteria were: aged 45 or older; polycystic ovary syndrome, or; currently taking any medications (other than hormonal contraceptives) that affect the menstrual cycle. Hormonal contraceptive users and pregnant women completed the questionnaire, but their data were excluded from some of the menstrual cycle questions (see Menstrual Function in Methods). The questionnaire asked about demographics, job role, menstrual function, exercise behaviors, eating behaviors, and psychological well-being. All participants provided informed consent. This study was approved by the Ministry of Defense Research Ethics Committee (REF: 2042/MODREC/21) and conducted in accordance with the Declaration of Helsinki (2013).



Questionnaire

A custom-designed questionnaire was completed that contained up to 171 questions and took approximately 30 min to complete (Supplementary material). The questionnaire was a mix of validated questionnaires and some custom questions. Most questions were multiple choice with a few free text answers. The questionnaire was divided into: 1) demographics; 2) job role; 3) risk of eating disorders; 4) exercise behaviors, illness, and injury; 5) menstrual function; 6) bone health; 7) anxiety; 8) depression; 9) stress; 10) resilience; and 11) physical performance. The questionnaire addressed the components of the Triad (1) and RED-S (4) frameworks—menstrual disturbances, bone health, disordered eating, injury and illness, mood, and physical performance. Injury, illness, bone health, and physical performance are beyond the scope of this paper and only menstrual function, demographic, job role, risk of eating disorders, exercise behaviors, and psychological well-being data are presented here.



Demographics and job role

Participants provided service, age, height, body mass, ethnicity, smoking status, job role, rank, length of service, number of deployments, pregnancy status, and history of hormonal contraceptive use. Servicewomen can enter all job roles in the military, which we broadly categorized as combat (roles directly involved in combat and considered the most physically arduous, e.g., infantry), combat support (roles that provide direct operational support to combat, but are typically less arduous than combat roles, e.g., artillery), and combat service support (roles that provide indirect logistical support to those in combat and are typically the least arduous roles, e.g., medical roles). Servicewomen were also categorized as Regulars (in full-time military service) or Reserves (typically part-time).



Menstrual function

Menstrual function was measured using questions from the Low Energy Availability in Females–Questionnaire (LEAF-Q) (15). Current menstrual status was classified as oligomenorrhoea or amenorrhoea (grouped together) if < 9 menses in the last 12 months (2, 16). The number of menstrual cycles in the last 12 months is a common method for classifying menstrual status (16–23) and our definition is recommended by the Triad Consensus Screening Panel (2). History of secondary amenorrhoea was defined as ever having three consecutive months without a menstrual cycle in the absence of pregnancy or hormonal contraceptive use (16, 17, 19). Delayed menarche was defined as age of menarche at 15 years or older (2). Participants were excluded from the current menstrual status data if they used a hormonal contraceptive in the past 12 months, were pregnant, or failed to provide hormonal contraceptive or pregnancy status; hormonal contraceptive users and those who were pregnant were included in the history of secondary amenorrhoea and delayed menarche data.



Exercise behaviors

Exercise behaviors were assessed by questions from the LEAF-Q (15) and custom questions. Exercise behavior questions were expanded to include exercise behaviors in the military and for recreation. For military exercise behaviors, participants provided the number of days in the last 12 months spent on field exercise, the number of days in the last 12 months spent on an arduous military training course, and the number of hours per week spent conducting military physical training. Field exercises are military training exercises that simulate combat or other military scenarios and typically involve load carriage, sleep loss, psychological stress, and restricted food intake. Similarly, arduous military courses are physically and mentally arduous, typically include some field exercises, and involves constant assessment either for a qualification or promotion to more senior ranks. Military physical training involves traditional aerobic and resistance training, and military specific training (e.g., load carriage). Participants also provided the number of hours per week spent personal physical training (e.g., running, cycling, resistance training), level of sport (for unit, regiment, or service), and number of hours per week of sport. The volume of each type of activity was quantified rather than providing a total training load due to the diversity of activities.



Risk of eating disorders

Risk of eating disorders were assessed by the Female Athlete Screening Tool (FAST) (24) and Brief Eating Disorder in Athletes Questionnaire (BEDA-Q) (25). Some questions from the FAST were reworded to refer to military performance and training rather than athletic training and competitions. A score of 79 to 94 indicates subclinical disordered eating and > 94 indicates a clinical eating disorder (24). Risk of eating disorders was also measured using the BEDA-Q with a weighted BEDA-Q score of > 0.27 indicating high risk of an eating disorder (25).



Psychological well-being

Psychological well-being was assessed using the 7-item Generalized Anxiety Disorder Assessment (GAD-7) (26), the 9-item Patient Health Questionnaire (PHQ-9) (27), the Perceived Stress Scale (28), and 10-item Connor-Davidson Resilience Scale (CD-RISC-10) (29). Anxiety and depression were scored according to severity using the respective GAD-7 (minimal, mild, moderate, severe) and PHQ-9 scores (minimal, mild, moderate, moderately severe, severe). A participant was defined as having anxiety if they scored ≥ 10 on the GAD-7 (26) and depression if they scored ≥ 10 on the PHQ-9 (27).



Statistical analyses

Sample size was calculated based on determining the prevalence of oligomenorrhoea or amenorrhoea using the formula: [image: image], where Z1−α/2 is 1.96 for 5% type 1 error, p is the estimated population prevalence, and d is the marginal error. Assuming a prevalence of 11% for menstrual disturbances (16), it was estimated that 602 participants would be required for a marginal error of 2.5%. It was anticipated that 75% of Servicewomen will be aged 45 years or younger, 57% will be taking hormonal contraceptives, and 24% of Servicewomen will respond (unpublished internal data). Therefore, the survey was distributed to all Servicewomen under 45 years to allow the sample size to be met (~18,000).

All data were cleaned and analyzed in the R programming language (v. 4.1.2). The prevalence of demographic outcomes, menstrual disturbances (current oligomenorrhoea or amenorrhoea and history of amenorrhoea), exercise behaviors outcomes, risk of eating disorders (BEDA-Q and FAST risk), anxiety (GAD-7 score), depression (PHQ-9 score), stress (perceived stress score), and resilience (CD-RISC 10 score) were analyzed descriptively. Inferential statistics were performed with binary logistic regressions (glm function) to assess associations with two outcomes: current oligomenorrhoea or amenorrhoea (Yes = 1, No = 0) and history of amenorrhoea (Yes = 1, No = 0). The first model used demographic and job role data as predictor variables: age, height, body mass, service, job role, rank, length of service, and number of deployments. Demographic data were entered in the first model to identify the groups of women most at risk without cofounding for expected risk factors. The second model used exercise and sleep behaviors as predictor variables controlling for age and body mass: days on field exercise, days on arduous military training courses, level of sport, volume of military physical training, volume of personal physical training, hours of sleep, age, and body mass. All exercise data were entered in a second separate model to examine whether military or personal exercise behaviors were independent risk factors. The remaining six models used risk of eating disorders or psychological stress disorders as predictor variables—with separate models run for BEDA-Q risk, FAST risk, anxiety, depression, stress, and resilience—controlling for age, body mass, volume of military physical training, and volume of personal physical training. Measures of eating disorders and psychological stress disorders were analyzed in separate models due to likely collinearity, which makes coefficients difficult to interpret. Anxiety and depression were entered as binary diagnoses based on their scorings. The measures of eating disorders and psychological stress disorders were entered in the remaining models to examine the independent effects of these known risk factors controlling for demographic and exercise behaviors. Most predictor variables were categorical with the first or lowest category used as the reference category; deployments, perceived stress score, and CD-RISC-10 score were integers. Eight logistic regression models were run for each of the two outcomes and so the alpha was corrected to p ≤ 0.006 (0.05/8).




Results


Participants

Participant flow through the study is shown in Figure 1. A total of 17,972 women were eligible to participate with 3,022 completing the survey (16.8% response rate). A total of 2,665 participants completed the survey in response to the email and 357 in response to other adverts. Demographic data for the final sample are shown in Table 1.


[image: Figure 1]
FIGURE 1
 Survey sampling.



TABLE 1 Participant demographics (n = 3,022).
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Menstrual function

Menstrual function data can be seen in Table 2. A total of 18% of women had a current menstrual disturbance (oligomenorrhoea or amenorrhoea), 25% of women had a history of amenorrhoea, and 14% of women had delayed menarche.


TABLE 2 Menstrual function (n = 3,022).
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Exercise behaviors, risk of eating disorders, and psychological well-being

Exercise behaviors, risk of eating disorders, and psychological well-being data are presented in Table 3. Most women had not been on a field exercise (65%) or completed an arduous military training courses (83%) in the last 12 months and did not play sport (63%). Most women conducted < 1 h·week−1 of military physical training (43%) and 1 to 3 h·week−1 of personal physical training (38%), and slept 6 to 7 h per night (67%). A total of 13% of participants were high risk of an eating disorder according to the BEDA-Q and FAST scores, with a further 34% at risk of disordered eating according to the FAST score. A total of 25% of participants had symptoms of anxiety (GAD-7 score ≥ 10) and 26% had symptoms of depression (PHQ-9 score ≥ 10).


TABLE 3 Exercise behaviors, risk of eating disorders, and psychological well-being (n = 3,022).

[image: Table 3]



Risk factors for menstrual dysfunction

Associations between demographics and menstrual disturbances are shown in Table 4. Women aged 35 to 39 years and 40 to 44 years were at lower risk of oligomenorrhoea or amenorrhoea compared with women aged 17 to 24 years (p ≤ 0.003). Women aged 40 to 44 years were at a lower risk of a history of amenorrhoea compared with women aged 17 to 24 years (p = 0.004). Women who sleep ≥ 8 h were at a lower risk of a history of amenorrhoea compared with women who sleep ≤ 5 h (p = 0.006).


TABLE 4 Associations between demographics and menstrual function.

[image: Table 4]

Associations between exercise behaviors and menstrual disturbances are shown in Table 5. Exercise behaviors were not associated with current oligomenorrhoea or amenorrhoea. Women completing > 10 days of field exercise in the last 12 months were at higher risk of history of amenorrhoea than women completing 0 days of field exercise (p = 0.004).


TABLE 5 Associations between exercise behaviors and menstrual function.

[image: Table 5]

Associations between risk of eating disorders and psychological well-being with menstrual disturbances are shown in Table 6. Women at high risk of an eating disorder (based on FAST score) were at higher risk of oligomenorrhoea or amenorrhoea (p = 0.002). Women at high risk of an eating disorder (based on BEDA-Q score) or high risk of subclinical disordered eating or an eating disorder (based on FAST score) and women with anxiety or depression were at a higher risk of a history of amenorrhoea (p < 0.001).


TABLE 6 Associations between risk of eating disorders and psychological well-being with menstrual function.

[image: Table 6]




Discussion

This study investigated the prevalence of menstrual disturbances and associated risk factors in a large cohort of British Servicewomen. Servicewomen are exposed to multiple risk factors for menstrual disturbances and the Triad/RED-S including high exercise volumes, restricted energy intake, psychological stress, and poor sleep (5, 6), but the prevalence of menstrual disturbances and associated risk factors were yet to be studied in the UK Armed Forces. Menstrual disturbances are positively associated with the risk of bone stress injuries, musculoskeletal injuries, and low bone mass [reviewed in O'Leary (6)] and so these data have important clinical policy implications for the military. The large sample size and homogenous population also make these data useful for managing health in young active women.


Prevalence of menstrual disturbances

Eighteen percent of women had oligomenorrhoea or amenorrhoea, 25% of women had a history of amenorrhoea, and 14% of women had delayed menarche. The prevalence of secondary amenorrhoea is 2 to 5% in non-athletes of reproductive age (3, 14, 30, 31), but oligomenorrhoea was not reported in these studies making comparisons with our data difficult. Studies that have investigated oligomenorrhoea or amenorrhoea in non-athletes report a prevalence of 11 to 14% (31, 32) suggesting a slightly higher prevalence of oligomenorrhoea and amenorrhoea in Servicewomen than the general population. Similarly, we found a higher prevalence of delayed menarche than is reported in the UK general population (10%) (33), likely due to the self-selection of active women to military service. The prevalence of menstrual disturbances is higher in athletes than the general population, but varies widely by athlete group (14). Endurance athletes (recreational and elite) had a prevalence of 21 to 43% of oligomenorrhoea or amenorrhoea using similar criteria to this study (17, 19–23), but a higher prevalence has been reported (above 60%) in aesthetic or “lean” sports and activities like dance and long-distance running (3, 14). These athlete data are typically in young or adolescent women whereas our data included women up until age 44 years, and older age was associated with a lower prevalence of menstrual disturbances in agreement with athlete data (14). The prevalence of oligomenorrhoea or amenorrhoea in the youngest women in our study (17 to 24 years) was 32%, similar to the young athlete groups presented here. Comparisons between studies should be made with caution due to inconsistencies with defining and measuring menstrual function, and studies in athletes are typically small, subject to recruitment bias, and at risk of overestimating menstrual disturbances. Nevertheless, our data show that the youngest group of Servicewomen in our study experience a similar prevalence of menstrual disturbances and delayed menarche to young female athletes.

Several studies have investigated menstrual disturbances in military populations (9, 16, 34–38), but our data are the first across the entire UK Armed Forces. Cross-sectional studies from the 1990s in the US Army identified the prevalence of oligomenorrhoea or amenorrhoea (< 9 cycles in 12 months or 3 months with no cycle) as 12% in the last 24 months with delayed menarche in 13% (≥ 15 years) (16) and the prevalence of ever having amenorrhoea (> 6 months without menses) as 15% with delayed menarche in 4% (≥ 17 years) (35). It is unclear why we report a higher prevalence of menstrual disturbances than these studies in the US Army, but differences in population, methods, and definitions of menstrual function likely contribute. The prevalence of menstrual disturbances is higher in basic military training than in trained Servicewomen, with more than 65% of women undergoing basic military training reporting menstrual cycle disturbances or changes (9, 34, 36, 38). Basic military training is one the most arduous part of a military career (12) and likely explains the higher prevalence of menstrual disturbances in these studies.



Risk factors for menstrual disturbances

Older age was associated with a lower prevalence of oligomenorrhoea or amenorrhoea. Younger women (within ~5 years of menarche) and older women (above a gynecological age of ~30 years) are at increased risk of menstrual disturbances (14). Almost all the women in this study had a gynecological age < 30 years and so the higher prevalence of oligomenorrhoea or amenorrhoea in younger women could be due to being closer to age of menarche. The HPO axis may also become more resilient to stressors with age (39). Older women are also more likely to be in senior roles and complete fewer physically demanding military activities. Older women were also at a lower risk of ever having amenorrhoea despite having had more time to develop menstrual disturbances, although length of service was controlled for in our analyses. Women aged over 40 years could be a healthy survivor cohort; women suffering from menstrual disturbances may be more likely to leave the military because of the stresses causing those menstrual disturbances or because a menstrual disturbance increases the risk of musculoskeletal injury or other health outcome. The other demographic factor associated with a menstrual disturbance (history of amenorrhoea) was shorter sleep duration. Sleep was not associated with a current menstrual disturbance, but habitual short sleep can activate the HPA axis (5, 9) and increase risk of ever having amenorrhoea. We are unable to confirm the direction of this relationship and poor sleep might be an indicator of psychological ill health. Sleep duration (and other risk factors) may be associated with a history of amenorrhoea but not a current menstrual disturbance due to a greater number of participants included in the history of amenorrhoea analysis increasing statistical power; all participants were included in the analysis of history of amenorrhoea whereas only those not using hormonal contraceptives were included in the current menstrual disturbance analyses.

Exercise behaviors were not associated with current oligomenorrhoea or amenorrhoea, but a higher total volume of field exercise was associated with increased risk of ever having amenorrhoea. Most Servicewomen did not complete any field exercise (typical of some less arduous jobs) whereas 8% completed 1 to 10 days (typically one field exercise) and 16% completed more than 10 days (likely several field exercises). Completing more than 10 days of field exercise is likely indicative of a more physically and psychologically demanding job; however, job role and other exercise measures were not associated with a menstrual disturbance. Field exercises are categorized by high energy expenditures, restricted food intake, sleep restriction, and psychological stress, which could all contribute to suppression of the HPO axis (6, 8–10), although volume of field exercise was not associated with a current menstrual disturbance. Total exercise volume in the military results from a combination of occupational requirements (i.e., field exercises, training courses, physical training) and personal exercise. Here we provide evidence that occupational [field] exercise volume was associated with menstrual history, but other exercise behaviors were not.

Risk of an eating disorder was associated with oligomenorrhoea or amenorrhoea (based on FAST score) and history of amenorrhoea (based on BEDA-Q and FAST score). A total of 13% of participants were at high risk of an eating disorder measured by both BEDA-Q and FAST, with a further 34% at risk of disordered eating measured by the FAST. Eating behaviors were scored by the BEDA-Q and FAST to capture eating disorders specific to active women, with our data suggesting the FAST may be more sensitive for detecting menstrual disturbances. The prevalence of behaviors indicative of eating disorders reported by female athletes varies widely (6 to 45%), but is higher in women than men, athletes than non-athletes, and lean than non-lean sports (40, 41). Data from active duty US Servicewomen shows 34% are at risk of disordered eating (16). Comparisons between studies is difficult due to differences in the screening tool used. Eating disorders and/or disordered eating are recognized as a common cause of menstrual disturbances in the Triad (1, 2) and RED-S (3, 4) frameworks, and here we provide evidence of a similar association in British Servicewomen. The mechanism may be low energy availability, but eating disorders increase the risk of psychological ill health (18) (or are caused by psychological ill health) and are stress disorders that activate the HPA axis (42). Unlike some sports, a specific body composition is not a prerequisite to successful military performance, although some militaries have body composition standards. Anxiety and depression were associated with a history of amenorrhoea, and mood disorders contribute to menstrual disturbances (42). Similar findings from the US Air Force show that life, but not work, psychological stress was associated with irregular cycle lengths in civilian and military women (37). The direction of this relationship is not clear as low energy availability increases risk of mood disturbances and mood disturbances may increase the risk of eating disorders and low energy availability (4).



Limitations

This study is subject to overestimation of menstrual disturbances due to self-selection of participants. We attempted to reduce the risk of this bias by offering renumeration and by advertising the study across multiple platforms. Our data are likely biased by the fact that deployed women were less likely to participate in this study. A large proportion of our participants took hormonal contraceptives, and it is unclear how excluding hormonal contraceptive users biases our data. We are unable to confirm functional hypothalamic amenorrhoea with our methods and subtle menstrual disturbances would have been missed. We did not have a group of non-military participants and so it is not clear whether a military career increases the risk of menstrual disturbances. Finally, our measures are all self-reported and subject to recall error or bias.



Conclusions

British Servicewomen had a similar prevalence of menstrual disturbances to groups of endurance athletes. Younger age, shorter habitual sleep duration, higher volumes of field exercise, risk of eating disorders, and psychological ill health were associated with increased risk of menstrual disturbances. These risk factors provide unique targets for the protection of the reproductive axis in Servicewomen.
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