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Abstract: This study aimed to investigate the difference in the prevalence, severity, and risk factors of
dysmenorrhea between Japanese female athletes and non-athletes in universities. The participants
were 18 to 30 years old with no history of a previous pregnancy and/or childbirth. After application
of the exclusion criteria, the cohort comprised 605 athletes and 295 non-athletes. An anonymous
questionnaire, which included self-reported information on age, height, weight, age at menarche,
menstrual cycle days, menstrual duration, dysmenorrhea severity, sleeping hours, dietary habits,
exercise habits, training hours, and competition level was administered. Compared with athletes, non-
athletes had a higher prevalence of dysmenorrhea (85.6% in athletes, 90.5% in non-athletes, p < 0.05);
non-athletes also demonstrated increased severity (none/mild 27.8%, moderate 19.3%, and severe
52.9% in athletes; none/mild 21.2%, moderate 17.2%, and severe 61.6% in non-athletes; p < 0.05).
Factors related to severe dysmenorrhea in athletes included long training hours, early menarche, and
prolonged menstrual periods. In non-athletes, short menstrual cycle days and extended menstrual
periods were related to severe dysmenorrhea. The prevalence and severity of dysmenorrhea were
higher among non-athletes than among athletes; different factors were related to severe dysmenorrhea
in these two groups. Thus, different strategies are necessary to manage dysmenorrhea for athletes
and non-athletes in universities.

Keywords: menstruation disturbances; menstrual cycle; athletes; women’s health; exercise

1. Introduction

Dysmenorrhea is an important women’s health problem. It is experienced during
menstruation and is associated with pain and discomfort such as headaches, abdominal
pain, and back pain [1]. There are two types of dysmenorrhea: primary dysmenorrhea,
which is caused by excessive prostaglandin secretion without an organic uterine disease,
and secondary dysmenorrhea, which is caused by an organic disease of the uterus [2].
Previous studies have demonstrated that the prevalence of dysmenorrhea is approximately
80% among young women; 77.6% among working women (aged 25–55 years) [3]; 83.6%
among college students [4]; and 89% among adolescent girls [5]. Moreover, dysmenorrhea
is a severe problem in young women because it negatively impacts their lives; for example,
it is a cause of absenteeism from school and work and decreased health-related quality
of life [6,7].

Bad lifestyle habits may potentially be important risk factors of dysmenorrhea. Short sleep-
ing hours and not having breakfast regularly were associated with moderate-to-severe
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dysmenorrhea in a previous study [8]. In addition, caffeine consumption [9], alcohol con-
sumption, and smoking [10] were also associated with dysmenorrhea. Moreover, mental
stress [11–13] and a lack of exercise [14] were related to the severity of dysmenorrhea.
Therefore, lifestyle changes may be a potential strategy to manage dysmenorrhea.

Armor et al. reported that dysmenorrhea lowered athletic performance during training
and competitions [15]. Another study showed that the dysmenorrhea pain score was higher
in athletes than in sedentary students [16]. Additionally, an interview-based study reported
that menstruation-related symptoms reduce athletic performance in athletes [17]. In a
previous study, athletes had a lower prevalence of dysmenorrhea than non-athletes (39.44%
in athletes and 43.88% in non-athletes), although the difference was not significant [18].
An additional study showed that exercise can reduce dysmenorrhea [14]; however, the
participants in this study were women with no exercise habits. Research on dysmenorrhea
in athletes and non-athletes has therefore not yielded consistent results.

To address this issue, the present study aimed to investigate the difference in the
prevalence, severity, and risk factors of dysmenorrhea between Japanese female athletes
and non-athletes in universities. The present study hypothesized that athletes show an
increased prevalence of severe dysmenorrhea relative to non-athletes and that different
factors are associated with severe dysmenorrhea between these two groups of women.

2. Materials and Methods
2.1. Study Design

We conducted a cross-sectional, anonymous questionnaire survey administered from
October 2019 to March 2020. The participants were recruited using a snowball sampling
method, and all individuals consented to participating in this study. The Ethics Review
Board of the Faculty of Health and Sport Sciences at the University of Tsukuba approved
the study protocol (approval number: 19–85) on 19 September 2019.

2.2. Participants

Our cohort of participants included 961 athletes and 423 non-athletes who were
recruited with the help of faculty members from six Japanese universities located in Tokyo
(three universities), Ibaraki (two universities), Chiba (one university), and Okayama (one
university). The athlete group consisted of university students who majored in physical
education or sports science and/or who belonged to athletic clubs. The non-athlete group
consisted of university students who majored in subjects other than sports science, such
as nutrition and nursing, and/or those who did not participate in athletic competitions,
such as managers of athletic clubs. This study included women who were aged 18 to
30 years, those who had never been pregnant and/or given birth, those who did not take
oral contraceptives, and those who did not have irregular menstruation or secondary
amenorrhea. University athletes were defined as those who belonged to an athletic club
(not a recreational club), participated in competitions on a regular basis, and trained at least
3 days per week. As shown in Figure 1, 356 women in the athlete group and 126 women in
the non-athlete group were excluded owing to the following exclusion criteria: those taking
oral contraceptives (n = 22 and n = 15 in the athlete and non-athlete groups, respectively),
those with irregular menstruation or secondary amenorrhea (n = 49 and n = 20, respectively),
those who trained less than 3 days a week (n = 62 in the athlete group), and those with
incomplete data (n = 223 and n = 93, respectively). The final analysis dataset comprised
data from 605 athletes and 295 non-athletes. The athletes played basketball (n = 98), track
and field (n = 88), lacrosse (n = 62), handball (n = 62), volleyball (n = 44), soccer (n = 33),
rhythmic gymnastics (n = 32), dance (n = 32), softball (n = 27), kendo (n = 23), judo (n = 23),
swimming (n = 19), badminton (n = 14), baseball (n = 13), tennis (n = 12), cheerleading
(n = 9), gymnastics (n = 6), wheel gymnastics (n = 5), and wrestling (n = 3).
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Figure 1. Participant flow diagram.

2.3. Questionnaire

A questionnaire that included questions related to age, height, weight, age at menar-
che, menstrual cycle days, menstrual duration, dysmenorrhea severity (none: 0 to heavy
pain: 10), sleeping hours, dietary habits (skipping meals), exercise habits (in non-athletes),
training hours (per week), and competition level (1: international, 2: national, 3: regional,
4: prefectural, 5: other, in athletes) was prepared. Body mass index (BMI) was calculated
using the following formula: weight (kg) divided by the square of height (m2). The follow-
ing question was asked about the prevalence and severity of dysmenorrhea. “What is the
degree of pain you experience during menstruation? Please circle the number between 0
and 10 that is reflective of the pain you experience.” Those with a severity score of ≥1 were
defined as having dysmenorrhea. With reference to a previous study [19], the severity of
dysmenorrhea was classified into three categories, namely, none/mild (0 to 3), moderate (4
to 6), and severe (7 to 10). Additionally, gynecological age was calculated by subtracting the
age at menarche from the calendar age [20]. The severity of dysmenorrhea was compared
between competition levels or sport types in university athletes.

2.4. Statistical Analysis

Data were analyzed using SPSS version 26 (SPSS Inc., Chicago, IL, USA). The Kolmogorov–
Smirnov normality test was used to examine normality. Because all variables were not
normally distributed, the Mann–Whitney test was conducted to compare the characteristics
of the participants, and the chi-square test was conducted to compare the prevalence and
severity of dysmenorrhea between athletes and non-athletes, between sport types, and be-
tween competition levels. The Kruskal–Wallis test was used to compare the characteristics
of the participants according to the severity of dysmenorrhea in athletes and non-athletes,
followed by a Bonferroni post hoc test. The effect sizes were calculated and expressed as
ES [21]. A logistic regression model was used to identify risk factors for severe dysmenor-
rhea (severe or not); the severity of dysmenorrhea was the dependent variable in the athlete
and non-athlete groups. Independent variables were age, BMI, sleeping hours, skipping
meals, age at menarche, menstrual cycle, menstrual period, training hours (in athletes),
competition level (in athletes), and exercise hours (in non-athletes). The odds ratio and
95% confidence interval (95% CI) were calculated for each variable. Data are expressed as
median (interquartile range) or frequency (%).
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3. Results
3.1. Participant Characteristics

As shown in Table 1, some characteristics differed significantly between athletes
and non-athletes. Athletes were taller, heavier, and higher in BMI and had shorter men-
strual periods, a younger gynecological age, and longer sleeping hours than non-athletes.
The prevalence of dysmenorrhea was significantly higher in non-athletes than in athletes
(p = 0.04, ES = 0.07).

Table 1. The characteristics of the study participants.

Athletes
(n = 605)

Non-Athletes
(n = 295) p ES

Age (years) 20.0 [19.0–21.0] 20.0 [19.0–21.0] 0.82 0.01

Height (cm) 161.0 [157.0–
165.0] 158.0 [155.0–

162.0] <0.01 0.23

Weight (kg) 55.5 [52.0–60.0] 50.0 [47.0–54.0] <0.01 0.40
BMI (kg/m2) 21.5 [20.3–22.8] 19.8 [18.8–21.3] <0.01 0.34

Sleeping hours (hours) 7.0 [6.0–7.8] 6.0 [5.5–7.0] <0.01 0.19
Skipping meals (yes, %) 124 (20.5%) 76 (25.8%) 0.07 0.06
Age at menarche (years) 13.0 [12.0–14.0] 12.0 [11.0–14.0] <0.01 0.20
Menstrual cycle (days) 30.0 [28.0–30.0] 30.0 [28.0–31.0] 0.03 0.07

Menstrual period (days) 5.0 [5.0–7.0] 6.0 [5.0–7.0] <0.01 0.10
Gynecological age (years) 7.0 [6.0–8.5] 8.0 [6.0–10.0] <0.01 0.16

Prevalence of dysmenorrhea (yes, %) 518 (85.6%) 267 (90.5%) 0.04 0.07
Training/exercise hours

(hours/week) 18.0 [12.5–24.0] 0.0 [0.0–0.0] <0.01 0.37

Competition level (n, %)
International 49 (8.1%)

National 323 (53.4%)
Regional 142 (23.5%)

Prefectural 75 (12.4%)
Other 16 (2.6%)

Data are expressed as median [interquartile range] or frequency (%). BMI, body mass index; ES, effect size.

3.2. Dysmenorrhea Severity

As shown in Figure 2, the severity of dysmenorrhea differed significantly between
athletes and non-athletes (p = 0.04, ES = 0.09). Dysmenorrhea was shown to be more severe
in non-athletes (none/mild 21.2%, moderate 17.2%, and severe 61.6%) than in athletes
(none/mild 27.8%, moderate 19.3%, and severe 52.9%).

Tables 2 and 3 present characteristics by the severity of dysmenorrhea in athletes
and non-athletes, respectively. In athletes, there were significant differences in age, age at
menarche, menstrual period, and gynecological age between the dysmenorrhea severity
groups. However, there were no differences in these variables between competition levels
or between sport types. In non-athletes, there were no significant differences in these
variables between the dysmenorrhea severity groups.
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Table 2. Characteristics by severity of dysmenorrhea in athletes.

No/Mild
(n = 168)

Medium
(n = 117)

Severe
(n = 320) ES

Age (years) 20.0 [19.0–21.0] 20.0 [19.0–21.0] 20.0 [20.0–21.0] 0.02 #

Height (cm) 161.0 [157.5–
166.0] 160.2 [155.9–

164.2] 161.0 [157.0–
165.0] <0.01

Weight (kg) 55.1 [51.0–60.0] 55.0 [52.0–60.0] 56.0 [52.0–61.0] <0.01
BMI (kg/m2) 21.4 [20.1–22.6] 21.3 [20.2–22.8] 21.6 [20.4–22.9] <0.01

Sleeping hours (hours) 6.8 [6.0–7.5] 7.0 [6.1–7.9] 7.0 [6.0–7.8] <0.01
Skipping meals (yes, %) 30 (17.9%) 18 (15.4%) 76 (23.8%) 0.09
Age at menarche (years) 14.0 [12.0–15.0] 13.0 [12.0–14.0] 13.0 [12.0–14.0] 0.03 #

Menstrual cycle (days) 30.0 [28.0–30.0] 30.0 [28.0–30.0] 30.0 [28.0–30.0] <0.01
Menstrual period (days) 5.0 [4.0–6.0] 5.0 [4.0–6.0] 6.0 [5.0–7.0] 0.03 #$

Gynecological age (years) 7.0 [5.0–8.0] 7.0 [6.0–9.0] 7.0 [6.0–9.0] 0.05 *#

Training hours(hours/week) 18.0 [12.0–24.0] 18.0 [12.3–21.0] 18.0 [12.5–24.0] <0.01
Competition level (n, %) 0.10

International 12 (7.1%) 12 (10.3%) 25 (7.8%)
National 90 (53.6%) 64 (54.7%) 169 (52.8%)
Regional 46 (27.4%) 23 (19.7%) 73 (22.8%)

Prefectural 15 (8.9%) 14 (12.0%) 46 (14.4%)
Other 5 (3.0%) 4 (3.4%) 7 (2.2%)

Data are expressed as median [interquartile range] or frequency (%). *: no/mild vs. medium (p < 0.01), #: no/mild
vs. severe (p < 0.01), $: medium vs. severe (p < 0.05). BMI, body mass index; ES, effect size.
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Table 3. Characteristics by severity of dysmenorrhea in non-athletes.

No/Mild
(n = 61)

Medium
(n = 51)

Severe
(n = 183) ES

Age (years) 20.0 [19.0–21.0] 20.0 [19.0–22.0] 20.0 [19.0–21.0] 0.01
Height (cm) 158.0 [153.6–161.1] 158.7 [155.4–161.0] 158.0 [155.0–162.0] <0.01
Weight (kg) 50.0 [48.0–54.0] 51.0 [47.8–54.0] 50.0 [47.0–54.2] <0.01

BMI (kg/m2) 20.4 [19.1–21.4] 20.0 [19.0–21.0] 19.6 [18.7–21.3] 0.01
Sleeping hours (hours) 6.0 [5.1–7.0] 6.5 [5.8–7.5] 6.0 [5.5–7.0] <0.01
Skipping meals (yes, %) 14 (23.0%) 14 (27.5%) 48 (26.2%) 0.03
Age at menarche (years) 13.0 [11.0–14.0] 12.0 [12.0–14.0] 12.0 [11.0–13.0] 0.01
Menstrual cycle (days) 30.0 [28.0–31.0] 30.0 [28.0–35.0] 30.0 [28.0–30.0] 0.01

Menstrual period (days) 5.0 [4.8–7.0] 5.0 [5.0–6.0] 6.0 [5.0–7.0] 0.03
Gynecological age (years) 8.0 [6.0–9.0] 8.0 [6.0–10.0] 8.0 [7.0–10.0] 0.01

Exercise hours (hours/week) 0.0 [0.0–0.3] 0.0 [0.0–0.0] 0.0 [0.0–0.0] 0.01

Data are expressed as median [interquartile range] or frequency (%). BMI, body mass index; ES, effect size.

3.3. Factors Related to Severe Dysmenorrhea

Tables 4 and 5 illustrate the coefficients at 95% CIs generated from the logistic re-
gression model using dysmenorrhea severity (severe or not) as the dependent variable in
athletes and non-athletes, respectively. In athletes, long training hours, early menarche,
and a long menstrual period were significantly related to severe dysmenorrhea (Table 4).
In non-athletes, a short menstrual cycle and a long menstrual period were significantly
related to severe dysmenorrhea (Table 5).

Table 4. Factors related to the severity of dysmenorrhea in athletes.

B Exp(B) 95% CI p

Age (years) 0.123 1.130 0.977 1.308 0.10
BMI (kg/m2) 0.051 1.052 0.968 1.144 0.23

Sleeping hours (hours) −0.047 0.954 0.832 1.094 0.50
Skipping meals (yes) 0.386 1.471 0.957 2.262 0.07

Age at menarche (years) −0.160 0.852 0.765 0.950 <0.01
Menstrual cycle (days) −0.018 0.982 0.956 1.009 0.19

Menstrual period (days) 0.269 1.309 1.154 1.484 <0.01
Training hours(hours/week) 0.026 1.026 1.004 1.048 0.02

Competition level (low) 0.117 1.124 0.923 1.368 0.25
BMI, body mass index; CI, confidence interval; Exp(B), odds ratio.

Table 5. Factors related to the severity of dysmenorrhea in non-athletes.

B Exp(B) 95% CI p

Age (years) 0.115 1.122 0.908 1.386 0.29
BMI (kg/m2) −0.066 0.936 0.834 1.052 0.27

Sleeping hours (hours) −0.067 0.935 0.743 1.177 0.57
Skipping meals (yes) 0.170 1.185 0.665 2.114 0.57

Age at menarche (years) −0.119 0.888 0.758 1.040 0.14
Menstrual cycle (days) −0.044 0.957 0.918 0.997 0.04

Menstrual period (days) 0.355 1.426 1.161 1.752 <0.01
Exercise hours (hours/week) −0.067 0.935 0.843 1.038 0.20

BMI, body mass index; CI, confidence interval; Exp(B), odds ratio.

4. Discussion

The present study investigated the difference in the prevalence, severity, and risk
factors of dysmenorrhea between Japanese female athletes and non-athletes in universities.
The prevalence of dysmenorrhea was higher in non-athletes (90.5%) than in athletes (85.6%)
(p = 0.04, ES = 0.07). Furthermore, the severity of dysmenorrhea was higher in non-athletes
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than in athletes (p = 0.04, ES = 0.09). Although the effect sizes were small, significances were
observed. The factors associated with severe dysmenorrhea were different between athletes
and non-athletes. As mentioned earlier, long training hours, early menarche, and long
menstrual periods were significant risk factors among athletes, while short menstrual cycles
and long menstrual periods were shown to be significant risk factors among non-athletes.
Therefore, different strategies may be necessary to address severe dysmenorrhea in athletes
and non-athletes in universities.

Most previous studies have reported the prevalence of dysmenorrhea among the
general population. Polat et al. reported that the prevalence of dysmenorrhea among adult
university students in Turkey was 87.8% [22]. In contrast, Ortiz et al. reported a prevalence
of 48.4% among Mexican high school students [23]. This inconsistency is partly due to the
different definitions of dysmenorrhea. The former study defined dysmenorrhea as having
pain during menstruation; the latter defined dysmenorrhea as having painful menstruation
for the past 3 months. It is necessary to focus on this point when interpreting the prevalence
of dysmenorrhea. The definition from the former study was used in the present study, and
the prevalence of dysmenorrhea was similar in both [22].

Few previous studies have reported the prevalence of dysmenorrhea among athletes.
Homai et al. compared the prevalence of dysmenorrhea between athletes and non-athletes
(39.44% in athletes and 43.88% in non-athletes) [16]. However, they used a different defini-
tion of dysmenorrhea. The present study showed that the prevalence of dysmenorrhea was
higher in non-athletes (90.5%) than in athletes (85.6%). While the prevalence of dysmenor-
rhea was much higher in the present study than in the previous study, the rank relationship
noted in the present study was comparable to that reported in the previous study [16].

Many previous studies have reported the severity of dysmenorrhea among the general
population of women; however, few previous studies compared differences in severity
between athletes and non-athletes. Some observational studies reported that women
without exercise habits had a high prevalence and severity of dysmenorrhea [8,14,24].
Some intervention studies demonstrated that an exercise intervention improved the severity
of dysmenorrhea in sedentary women [25–28]. Therefore, exercise might be a potential
strategy to manage dysmenorrhea in the general population of women.

However, very frequent training may be a risk factor for severe dysmenorrhea in
athletes. Czajkowska et al. reported that premenstrual syndrome (PMS) might worsen in
athletes due to high-intensity training and an extended competition history [29]. A previous
study showed a correlation between the severity of PMS and the severity of dysmenor-
rhea [30]. Therefore, the present study hypothesized that the prevalence of severe dys-
menorrhea is higher in athletes owing to consistent, high-intensity training. However, in
the present study, the prevalence of severe dysmenorrhea was shown to be higher in non-
athletes (61.6%) than in athletes (52.9%), which is not in line with the initial hypothesis.
In addition, there was no difference in the severity of dysmenorrhea between competition
levels or sport types in the present study. Further studies are necessary to be conducted in
different populations.

The present study also examined the factors related to severe dysmenorrhea in athletes
and non-athletes. In athletes, long training duration was a risk factor for severe dysmenor-
rhea, and this finding is similar to that of a previous study that reported that long training
hours are associated with PMS [29]. Although the prevalence of severe dysmenorrhea
was lower in athletes than in non-athletes, frequent training may be a risk factor for se-
vere dysmenorrhea. Low-intensity exercises, such as yoga and Pilates, are thought to be
beneficial for improving dysmenorrhea because it lowers the levels of cortisol, which in
turn inhibits prostaglandin synthesis [31,32]. However, prolonged high-intensity exercise,
which is performed by athletes, may increase the levels of inflammatory cytokines, which in
turn may increase prostaglandin synthesis and increase the severity of dysmenorrhea [33].
Therefore, the management of training hours might be a crucial factor in controlling
dysmenorrhea in athletes.
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Long menstrual periods were a common risk factor for dysmenorrhea in university
athletes and non-athletes. This result was consistent with those of previous studies con-
ducted on the general population [23,34,35]. In non-athletes, short menstrual cycles were
shown to be an important risk factor for dysmenorrhea, while, in contrast to previous
studies, exercise habits were not [8,14,24]. Although the risk factors in athletes and non-
athletes were examined separately, the previous studies may have included both athletes
and non-athletes in the study population. Therefore, the difference in study designs and
study populations might have resulted in different findings in these studies.

There were some limitations in this study. First, the study participants were not a
representative sample. Athlete and non-athlete participants were recruited separately.
Therefore, the overall sample included in this study could not be analyzed. Second, the
participants were recruited from a limited number of universities, and the participants
were pursuing studies in physical education, nursing, or nutrition. In addition, we enrolled
athletes from many sports in this study. Third, self-reported data were collected using a
questionnaire, which contained questions that required participants to recollect events that
had happened in the past; this might have led to recall bias. Fourth, primary dysmenorrhea
was not differentiated from secondary dysmenorrhea. The causes are different: primary
dysmenorrhea is caused by prostaglandins and secondary dysmenorrhea is caused by an
organic disease. As the causative mechanisms of primary and secondary dysmenorrhea are
different, future studies involving the collection of the history of gynecological consulta-
tions and previous medical history are needed. In addition, the diseases that may cause
dysmenorrhea were not investigated. Fifth, the validity and reliability of the questionnaires
were not tested. Sixth, a detailed survey on the nutritional status of the participants was
not conducted. Thus, caution is necessary when generalizing the results of this study.

5. Conclusions

The present study compared the prevalence and severity of dysmenorrhea between
female university athletes and non-athletes in Japanese universities and investigated the
risk factors. The prevalence and severity of dysmenorrhea were higher in non-athletes
than in athletes. The risk factors for severe dysmenorrhea were long training hours, early
menarche, and long menstrual periods in athletes. In contrast, short menstrual cycles and
long menstrual periods were shown to be significant risk factors in non-athletes. Therefore,
different strategies may be necessary to address dysmenorrhea in athletes and non-athletes
in universities.
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