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Abstract

Cross-sectional studies indicate that menstrual problems are related to poorer mental health; however, longitudinal stud-
ies are limited. This longitudinal study aimed to determine whether baseline menstrual characteristics were risk factors
for incident and persistent mental health problems. The study was conducted among Chinese adolescent girls. Menstrual
characteristics including menarche, menstrual cycle and menstrual pain were assessed at baseline, whereas mental health
problems including PTSD, depression, anxiety, ADHD, insomnia, psychotic-like experiences, non-suicidal self-injury, sui-
cide ideation, suicide plan, and suicide attempt were assessed at baseline (n=1039) and at the 1-year follow-up (n =946) by
self-administered, structured questionnaires. Multiple logistic regressions were performed to examine whether menstrual
characteristics were associated with incident (e.g., PTSD at follow-up but not baseline) and persistent (e.g., PTSD at both
time points) mental health problems. The results demonstrated that early menarche was related to persistence of psychotic-
like experiences; irregular menstruation was associated with higher rates of incident anxiety and insomnia, and persistent
depression, anxiety, ADHD, insomnia, non-suicidal self-injury, suicide ideation, and suicide plan; menstrual pain was
associated with elevated rates of incident PTSD and depression, and persistent depression, insomnia, psychotic-like experi-
ences, non-suicidal self-injury, suicidal ideation, suicide plan, and suicide attempt. In conclusion, irregular menstruation
and menstrual pain specifically contributed to the development of emotional problems and insomnia, and were associated
with maintenance of the most mental health problems in early adolescence. The long-term effects of menstrual problems
on mental health need further study.
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Introduction

As an integral part of females’ overall health, menstrua-
tion can have a significant impact on their physical, mental,
and social well-being [1]. For girls, puberty is a unique and
critical period, in which they experience their first menstrua-
tion in response to ovarian hormones such as estrogen [2].
Menarche, the onset of menstruation, denotes the start of
reproductive capacity [3]. Age at menarche can be influenced
by complex factors such as genetics, body mass index, nutri-
tion levels, environment and socio-economic conditions [4,
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5]. The median age of the first menstruation in most devel-
oped countries is 12—13 years [6]. In China, a recent study
has demonstrated that the mean age at menarche declined
from 12.8 years in 2005 and 12.3 years in 2014 [7]. With
the arrival of menstruation, various menstruation-related
complaints such as menstrual pain and related menstrual
symptoms (diarrhea, nausea, sweating, vomiting, back-
aches, headaches, fatigue and related somatic complaints)
are often observed [8—11]. A study of Hong Kong, for exam-
ple, revealed that 68.7% of girls aged between 11.2 and
20.0 years reported dysmenorrhea [9]. In a study of Turkey,
the prevalence of menstrual irregularity and dysmenorrhea
among females aged between 9 and 17 years were 31.2%
and 89.5%, respectively [12]. The menstruation-related com-
plaints mentioned above are often the causes of girls’ school
absenteeism and poor concentration. To a large extent, this
may lead to impaired quality of life [2, 10, 13, 14].
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Adolescents, especially girls, are vulnerable to some
mental health problems due to rapid physical and hormonal
changes in puberty. Recent research has revealed that early
menstruation (years < 11) and menstrual problems may con-
tribute to mental health problems [10, 13]. A prior study has
proposed that girls with early menarche are more prone to
have emotional distress compared to those with on-time and
late menarche [15]. More specifically, two studies based on
large UK cohorts with longitudinal designs reported early
timing of menarche was related to higher levels of depres-
sion in mid-adolescence [16, 17]; another study with genetic
risk demonstrated that the early menarche was causally
linked to depression [18]. Further, several cross-sectional
studies have demonstrated that adolescent girls with irregu-
lar menstrual cycles and menstrual pain are at elevated risk
for suffering from mental health problems. For instance,
evidence from both China and South Korea suggested that
menstrual irregularity was correlated with suicide ideation
and non-suicidal self-injury [2, 10, 19]. Besides, irregular
menstrual cycles may influence girls’ sleep and increase
the likelihood of daytime sleepiness and sleep disorders
[20, 21], for both sleep and menstruation are related to the
hypothalamic-pituitary axis activities [22, 23]. In addition,
girls with menstrual pain were more likely to have sleep
disorders, PTSD, non-suicidal self-injury, depression and
anxiety [2, 21, 24-26].

Indeed, there is considerable evidence for the positive
correlation between menstruation and mental health prob-
lems in adolescents by cross-sectional studies. However, the
longitudinal studies are very limited. Only a few longitudinal
studies based on the western population have been conducted
to investigate the association between early menarche and
depression symptoms to date [16, 17]. To our knowledge, no
studies have yet employed a longitudinal design to explore
whether menstrual characteristics at baseline are predictive
of the development of multiple mental health problems. A
focus on the longitudinal association of menstruation with
mental health conditions may provide crucial information for
theory and clinical applications, for understanding the pre-
dictors of psychiatric problems could provide clues on how
to prevent the onset of mental health disorders and improve
the management of adolescents with these disorders.

Based on a large sample of Chinese adolescent girls,
the purpose of this study was to investigate the longitudi-
nal association between menstrual characteristics (early
menarche, menstrual irregularity, and menstrual pain) and
mental health problems (PTSD, depression, anxiety, ADHD,
insomnia, psychotic-like experiences, non-suicidal self-
injury, and suicide). We specifically examined: (a) whether
the menstrual characteristics at baseline were associated
with the incidence of mental health problems (e.g., PTSD
only at follow-up but not baseline); and (b) whether the men-
strual characteristics at baseline were associated with the
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persistence of mental health problems (e.g., PTSD at both
time points). Thus, the aims were to explore whether the
menstrual characteristics at baseline were associated with
increased risks of developing and maintaining mental health
problems during 1-year follow-up.

Methods
Participants

This study is part of a school-based study project on the
development course of children and adolescents’ mental
health. One of the student’s family members was surveyed
at baseline, while a portion of the students would be assessed
three times. The present study focused on data from Time 1
(baseline) and Time 2 (1-year follow-up) only. The detailed
sampling was described in our previous studies [27, 28].
Briefly, the data were obtained from the girls (mean age
12.49 years, SD=0.97) of five schools in Hunan and Jiangxi,
China. The girls were in 4th, 5th, 6th, 7th, 8th grades at
Time 1 and 5th, 6th, 7th, 8th, 9th grades at Time 2. The two
provinces are located in the southeast area of the country
and are moderately developed in China. The five schools
included three primary schools, one middle school, and
one school consisting of primary school and middle school.
Three of them were located in urban areas and two in rural
areas; four were public schools and one was a private school.

In the present study, 3101 girls were enrolled, of whom
1488 girls had experienced menarche. 449 girls were
excluded from data analysis because they were about to fin-
ish primary school and entered junior high school, making
it difficult to follow-up. Therefore, the final sample at time
1 included n= 1039 participants. At time two, 93 girls were
lost to follow-up due to transferring to new schools; thus,
946 (91%) participants were followed.

Procedure

With approval and support of the principals and class teach-
ers of the five target schools, participants were invited to
complete the self-administered, structured questionnaires
to assess their menstrual characteristics and mental health
problems at baseline. One year later, 936 participants com-
pleted the follow-up assessment of mental health problems.
The time interval between the baseline assessment and the
follow-up is 1 year. The data collection of both time points
was done in the classrooms during regular school hours.
Before filling out the questionnaires, the students were
required to read the instructions carefully and complete
the questionnaires independently. In addition, all the data
were collected by trained psychological professionals and
teachers. Written informed consent was obtained from all
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the participants and their parents or caretakers. The study
received approval from the Moral & Ethics Committee of
the School of Psychology, Jiangxi Normal University (Nan-
chang, China).

Measures
Menstrual characteristics

One question was used to indicate whether the girls had
experienced menarche (yes or no). Girls who responded
“yes” were further asked about menstrual characteristics
through the following five questions: (1) age at menarche:
“How old were you when you had your first menstrual
period?”’; (2) menstrual cycle: “How regular is your men-
strual cycle? 1 for regular, 2 for sometimes irregular, 3 for
very irregular”. To display the findings briefly, the data
were dichotomized into regular and irregular (1 =regular,
2 and 3 =irregular); (3) menstruation interval: “How many
days is it from the first day of your period to the first day of
your next period?”’; (4) bleeding duration: “How many days
do you usually bleed on your period?” (5) menstrual pain:
“How about your menstrual pain? 1 for no pain, 2 for mild
pain, 3 for moderate pain, 4 for severe pain”. Finally, these
variables were converted to dichotomous variables (1 and
2=no pain, 3 and 4 = pain).

Mental health problems

The Life Events Checklist for DSM-5 (LEC-5) was admin-
istered to measure lifetime traumatic events. The LEC-5 is
a self-report measure used to assess Criterion A for PTSD.
There are 17 categories of traumatic events involving actual
or threatened death, serious injury, or sexual violence. Each
type of event has six choices: “happened to me”, “witnessed
it”, “learned about it happened to a close family member
or close friend”, “part of my job”, “not sure” and “does
not apply”. The participants would be regarded as exposed
to specific trauma if they selected any one of the first four
choices. In the current study, Cronbach’s a was 0.795 and
0.805 for baseline and follow-up, respectively.

PTSD symptoms in the past month were assessed with the
Posttraumatic Stress Disorder Checklist for DSM-5 (PCL-5)
[29]. The PLC-5 includes 20 items rated on a 0—4 (not at all
to extremely) Likert scale. A PTSD diagnosis based on the
DSM-5 diagnostic criteria requires participants to score two
or more on each of the items. Following the DSM-5, par-
ticipants may be screened for PTSD if at least one re-expe-
riencing symptom, one avoidance symptom, two negative
alterations in cognitions and mood, and two hyperarousal
symptoms are endorsed. In the current study, Cronbach’s

a of the total scale was 0.942 and 0.949 for baseline and
follow-up, respectively.

The Patient Health Questionnaire-9 (PHQ-9) was used
for the assessment of depression over the past 2 weeks [30].
It contains 9 items, which are rated from 0 =not at all to
3 =nearly every day. The total score can range from 0 to
27. A cutoff score of 10 has been recommended to diagnose
depression symptoms. In the current study, Cronbach’s a
was 0.882 and 0.888 for baseline and follow-up, respectively.

ADHD symptoms in the past 6 months were assessed by
the World Health Organization Adult ADHD Self-Report
Scale (ASRS) [31]. The ASRS includes two subscales
(inattention and hyperactivity-impulsivity), each of them
consisting of 9 items. All items on the measure are rated
on a 0—4 Likert scale from O=never to 4 =very often. The
participants with 17 or higher scores on either subscale are
screened as high likelihood of having ADHD [32]. In the
current study, Cronbach’s o was 0.909 and 0.928 for baseline
and follow-up, respectively.

To screen for anxiety disorders in the past 3 months,
the Screen for Child Anxiety Related Emotional Disorders
(SCARED), a self-report instrument containing 41 items,
was administered [33]. Items are rated on a 3-point scale
with O for not true or hardly ever true, 1 for sometimes true,
and 2 for true or often true. The range of possible total scores
varies between 0 and 82. Participants with a total score of
25 or above have higher chance of screening for an anxiety
disorder. Cronbach’s a in the current study was 0.938 and
0.945 for baseline and follow-up, respectively.

The Youth Self-Rating Insomnia Scales (YSIS) is a self-
administered questionnaire used to measure the severity
of insomnia symptoms and impaired daytime functioning
within the past month [34]. It contains 8 items, with each
item rated on a 5-point scale. A higher total score ranging
from 8 to 40 indicates more insomnia problems. A cutoff
score of 22 is recommended to screen for insomnia symp-
toms. Cronbach’s a of the total scale in the current study was
0.851 and 0.866 for baseline and follow-up, respectively.

Psychotic-like experiences in the past month were meas-
ured using seven items from the MINI-International Neu-
ropsychiatric Interview for psychotic disorders [35]. Par-
ticipants responded either “yes” or “no” to each item. The
number of psychotic-like experiences was classified into
0-3 and 4-7 (0-3 =symptom absent and 4—7 = symptom
present). In the current study, Cronbach’s @ was 0.736 and
0.774 for baseline and follow-up, respectively.

To assess the participants’ self-injurious thoughts and sui-
cide behaviors, four questions from previous studies were
administered [36]: (1) “Have you ever hurt yourself but not
intended to die?”; (2) “ Have you ever had any thoughts
about killing yourself?”; (3) “Have you ever made a plan
for committing suicide?”’; and (4) “Have you ever carried
out your plan?”. There were six types of responses to the

@ Springer



2550

European Child & Adolescent Psychiatry (2024) 33:2547-2556

questions: no, 1, 2, 3, 4, and 5 or more. Finally, these vari-
ables were categorized into O or 1(0 =no and 1 =one or more
times).

Sociodemographic characteristics

Characteristics including location (urban, rural), age,
siblings (yes, no), income (low, middle, high), parents’
education (less than high school, high school or above),
self-perceived physical health (good, fair, poor) and self-
perceived physical exercise (less than once a week, once or
twice a week, more than twice a week) were considered as
sociodemographics.

Statistical analysis

Descriptive statistics were used to analyze the frequency for
categorical variables and means (SD) for continuous vari-
ables. According to participants’ status of mental health, we
defined our outcome variables as four groups: none (e.g., no
PTSD at both time points), recovery (e.g., PTSD at baseline
but not follow-up), incident (e.g., PTSD at follow-up but not
at baseline) and persistent (e.g., PTSD at both time points).
Multiple logistic regression analyses were conducted to
explore the longitudinal associations of menstrual charac-
teristics (early menarche, menstrual irregularity, and men-
strual pain) and mental health problems (PTSD, depression,
anxiety, ADHD, insomnia, psychotic-like experiences, non-
suicidal self-injury, and suicide) while adjusting for sociode-
mographic variables. Since there were no significant associ-
ations of mental health problems with menstrual interval and
bleeding in our cross-sectional study, the present study did
not focus on the duration of menstrual interval and bleeding.
Furthermore, in consideration of the length of the paper and
the size of the tables, the present study mainly focused on
the association of early menarche, menstrual irregularity and
pain with mental health problems. The results of menstrual
bleeding and intervals are shown in the supplementary mate-
rial (see Supplementary Material Table 4 and 5). Odds ratios
(ORs) and 95% confidence intervals (CIs) were reported.
The percentages of missing data for mental health prob-
lems were from 9.0 to 9.5%. Chi-square tests for category
variables and t-tests for continuous variables were used to
compare the differences in baseline demographics, menstrual
characteristics, and mental health problems between students
who completed both survey and those who completed only
at baseline. The results showed that the two group were not
different in demographics, most menstrual characteristics,
and mental health problems. However, students who were
screened as early menarche (y*>=13.31, p <0.001) were less
likely to be flowed up. Missing data were imputed using
the expectation—maximization algorithm. Sensitive analyses
were also conducted with full data without missing data.
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The findings of the two methods are similar, and results of
imputed data are reported. Data analysis was performed
using Statistical Product and Service Solutions version 25.0
(SPSS 25.0). The 0.05-level 2-sided test was used to assess
statistical significance.

Results
Sample characteristics
Sociodemographic characteristics and prevalence of early

menarche, menstrual irregularity and pain are shown in
Table 1.

Table 1 Sample characteristics

Sociodemographic Mean (SD)
Baseline age 12.49(0.97)
n (%)
Location
Urban 780(75.1)
Rural 259(24.9)
Sibling
Yes 585(56.3)
No 454(43.7)
Fathers’ education
Less than high school 527(50.7)
High school or above 512(49.3)
Mother’s education
Less than high school 625(60.2)
High school or above 414(39.8)
Relative income
Low 84(8.1)
Middle 733(70.5)
High 222(21.4)
Perceived physical health
Good 565(54.4)
Fair 447(43.0)
Poor 27(2.6)
Physical exercise
Less than once a week 441(42.2)
Once or twice a week 356(34.3)
More than twice a week 242(23.3)
Menstrual characteristics
Early menarche, yes 112 (10.8)
Menstrual irregularity, yes 811 (78.1)
Menstrual pain, yes 271 (26.1)
Menstruation interval, days <21 141 (13.6)
Menstruation interval, days > 35 40 (3.8)
Duration of menstrual bleeding, days <4 84 (8.1)
Duration of menstrual bleeding, days>6 349 (33.6)
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Fig.1 The prevalence of mental health problems. “Recovery” means that mental problems were observed only at baseline

The prevalence rates of the incident and persistent men-
tal health outcomes are presented in Fig. 1. The incidence
and the persistence of insomnia, NSSI, and suicide ideation
were the highest, whereas the rates of incident and persistent
suicide attempt and PTSD were lowest.

Early menarche and mental health problems

Early menarche had no significant association with rates
of all kinds of incident mental problems; early menarche
was significantly associated with elevated rates of persistent
psychotic-like experiences (OR=2.31, 95% CI 1.01-5.27)
(see Tables 2 and 3).

Menstrual irregularity and mental health problems

Menstrual irregularity was significantly associated with
increased rates of incident anxiety (OR=1.77, 95% CI
1.03-3.06) and insomnia (OR=1.69, 95% CI 1.08- 2.64);
menstrual irregularity was significantly associated with
increased rates of persistent depression (OR =5.88, 95% CI
2.10-16.51), anxiety (OR=3.39, 95% CI 1.85-6.20), ADHD
(OR=3.40, 95% CI 1.67-6.93), insomnia (OR=2.03, 95%
CI 1.20-3.42), psychotic-like experiences (OR =5.21,
95% CI 1.59-17.05), non-suicidal self-injury (OR =2.90,
95% CI 1.61-5.26), suicidal ideation (OR =2.15, 95% CI

1.41-3.29) and suicide plan (OR=2.27,95% CI 1.10-4.71)
(see Tables 2 and 3).

Menstrual pain and mental health problems

Menstrual pain was significantly associated with elevated
rates of incident PTSD (OR=1.90, 95% CI 1.08-3.32)
and depression (OR=1.99, 95% CI 1.23-3.21); menstrual
pain had significant associations with increased rates
of persistent depression (OR=1.79 95% CI 1.08-2.97),
insomnia (OR=1.97 95% CI 1.33-2.93), psychotic-like
experiences (OR=1.79 95% CI 1.00-3.20), non-suicidal
self-injury (OR =2.00 95% CI 1.34-3.00), suicidal ideation
(OR=1.70 95% CI 1.20-2.42), suicide plan (OR =2.06
95% CI 1.25-3.40) and suicide attempt (OR =3.20 95% CI
1.32-7.76) (see Tables 2 and 3).

Discussion

The purpose of this comprehensive study with a longitudinal
design was to investigate the roles of menarche, menstrual
cycles, and menstrual pain as risk factors for incident and
persistent mental health problems including PTSD, depres-
sion, ADHD, anxiety, insomnia, psychotic-like experiences,
and suicide in a 1-year follow-up study of a large sample
of Chinese girls. Since menarche, menstrual cycles, and
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Table 2 Menstrual characteristics associated with incident mental problems

Variables Early menarche Menstrual irregularity Menstrual pain
PTSD (ref =none) OR 1.15 1.20 1.90

95% C1 0.48-2.75 0.60-2.39 1.08-3.32%
Depression (ref =none) OR 0.49 1.42 1.99

95% C1 0.18-1.32 0.78-2.57 1.23-3.21%
Anxiety (ref =none) OR 0.96 1.77 0.77

95% CI 0.46-2.00 1.03-3.06* 0.47-1.25
Attention deficit and hyperactivity (ref=none) OR 0.93 1.10 1.23

95% CI 0.43-2.02 0.64-1.88 0.75-2.00
Insomnia (ref =none) OR 0.94 1.69 1.38

95% CI 0.51-1.72 1.08-2.64* 0.93-2.03
Psychotic-like experiences (ref =none) OR 0.69 1.19 0.95

95% CI 0.28-1.74 0.65-2.18 0.53-1.72
Non-suicidal self-injury (ref=none) OR 0.84 1.18 1.14

95% CI 0.41-1.72 0.74-1.90 0.71-1.84
Suicidal ideation (ref =none) OR 1.38 1.19 1.16

95% CI 0.69-2.74 0.73-1.93 0.72-1.88
Suicide plan (ref =none) OR 0.90 1.65 1.32

95% CI 0.41-2.00 0.91-2.99 0.80-2.21
Suicide attempt (ref =none) OR 0.90 1.17 1.51

95% CI 0.27-3.05 0.49-2.79 0.71-3.21

#p <0.05; #p <0.01; ¥+¥p <0.001

Table 3 Menstrual characteristics associated with persistent mental problems

Variables Early menarche Menstrual irregularity Menstrual pain
PTSD (ref=none) OR 2.39 1.98 1.37

95% CI1 0.80-7.12 0.58-6.75 0.62-3.04
Depression (ref =none) OR 1.13 5.88 1.79

95% CI 0.51-2.48 2.10-16.51%* 1.08-2.97*
Anxiety (ref=none) OR 1.33 3.39 1.01

95% CI 0.72-2.47 1.85-6.20%** 0.67-1.53
Attention deficit and hyperactivity (ref =none) OR 0.78 3.40 1.03

95% CI 0.35-1.76 1.67-6.93%* 0.65-1.63
Insomnia (ref =none) OR 1.80 2.03 1.97

95% CI 1.99-3.28 1.20-3.42%* 1.33-2.93%*
Psychotic-like experiences (ref =none) OR 2.31 5.21 1.79

95% CI 1.01-5.27* 1.59-17.05%* 1.00-3.20*
Non-suicidal self-injury (ref=none) OR 1.36 2.90 2.00

95% CI 0.73-2.52 1.61-5.26%%* 1.34-3.00%**
Suicidal ideation (ref =none) OR 1.61 2.15 1.70

95% CI 0.96-2.71 1.41-3.29%%* 1.20-2.42%*
Suicide plan (ref =none) OR 1.35 2.27 2.06

95% CI 0.61-2.96 1.104.71* 1.25-3.40%*
Suicide attempt (ref =none) OR 0.51 NA 3.20

95% CI 0.06-4.16 NA 1.32-7.76*

*p<0.05; **p<0.01; ***¥p <0.001; NA, not applied due to some categories with zero case
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menstrual pain are very discriminative menstrual charac-
teristics and have different roles in development and main-
tenance of various mental health problems, the findings are
discussed separately as follows.

Early menarche

Inconsistent with previous cross-sectional studies [2, 10,
21] and longitudinal studies [15-18, 37] that reported early
menarche as an important risk factor for various mental
health problems, particularly depression and suicidal-related
behaviors, there were no significant associations of early
menarche with all the incident outcomes and most of per-
sistent mental health problems in this study. Differences in
samples, assessment methods, study designs, and follow-
up periods may contribute to the controversial findings
across studies. It is worth mentioning that most significant
reports of early menarche and depression are from one UK
group [17-19] and studies of suicidal-related behaviors are
almost from one Chinese group [2, 10, 21]. More studies
are needed, especially those from different cultures and
independent groups, to clarify the controversy. Notably,
age might be one key variable in studies of menarche. For
example, in a longitudinal UK cohort study, Sequeira et al.
found that early menarche was associated with higher risks
of depression at 14 years but not at 17, 18, and 19 years
[19]. In the current sample, the population was likely rather
young, and the follow-up period was very short. This may
be related to the negative findings.

Interestingly, our study for the first time revealed that
early menarche was a risk factor for persistent psychotic-
like experiences. The finding is in contrast to the “estrogen
hypothesis” that suggests that estrogen could be a protective
factor against psychosis. Although the “estrogen hypothesis”
has been supported by observations that females with early
puberty tend to present fewer psychosis symptoms [38, 39],
some studies also found no significant association between
the timing of menarche and the age of psychosis onset [40,
41]. The moderators and conditions of the adaptation of the
hypothesis should be further explored.

Menstrual irregularity

A wide array of studies with cross-sectional designs have
shown a link between irregular periods and mental health
problems such as suicide behavior, non-suicidal self-injury,
sleep problems, anxiety and depression [2, 10, 13, 42—-48].
Our findings further demonstrated that menstrual irregular-
ity was prospectively associated with onsets of anxiety and
insomnia, but not with incident PTSD, depression, ADHD,
psychotic-like experiences, and suicide. On one hand, spe-
cific psychiatric problems (e.g., sleep disturbances) might
be more sensitive to the fluctuations of hormone levels; on

the other hand, irregularity may occur during the sensitive
period of onset anxiety [49], which would trigger anxiety
easily. Although there were no significant relations between
menstrual irregularity and incident PTSD, depression,
ADHD, psychotic-like experiences, and suicide, irregular
menstrual cycles did contribute to the maintenance of these
mental health problems except for PTSD. The findings echo
earlier cross-sectional studies and several case—control stud-
ies which have revealed that clinical symptoms of ADHD
and schizophrenia are likely to fluctuate between menstrual
periods [42—-44]. Contrary to our expectation [50, 51], irreg-
ular menstruation was neither related to incident PTSD nor
persistent PTSD. This may be due to the symptoms of PTSD
pertaining to specific traumatic events.

Menstrual pain

In the current study, reporting menstrual pain at baseline
was significantly associated with incident PTSD and depres-
sion. Evidence from previous studies reported dysmenor-
rhea was linked to an increased risk of developing PTSD in
Iraq and Afghanistan veterans and earthquake-exposed high
school students [25, 52]. The possible mechanism between
them remains unclear, but there is one possible explanation.
PTSD has been reported in association with elevated levels
of cytokines TNF-a and IL-1. These cytokines could lead to
the further release of prostaglandin E2, which has an indirect
effect on menstrual pain by inducing hyperactivity of uterine
muscle [53]. Also, the association between dysmenorrhea
and depression has been revealed in previous research [24].
The pain as a stressor appears to affect mood [54]. Extend-
ing previous research, our study further established a longi-
tudinal association between menstrual pain and PTSD and
depression. We observed no association between menstrual
pain and incident anxiety, ADHD, insomnia, psychotic-like
experiences, NSSI, and suicide behaviors, which indicated
that the effect of dysmenorrhea at baseline only applied to
specific mental health problems.

With regard to the persistent mental health problems, our
results demonstrated that menstrual pain at baseline was sig-
nificantly associated with persistent depression, insomnia,
psychotic-like experiences, NSSI, and suicide. As previ-
ously described, monthly repeated menstrual pain could
be a stressor that had a lasting impact on specific mental
health problems [55]. The underlying mechanism has been
explored and clarified by researchers. Latthe et al. found
that dysmenorrhea was one of the risk factors for chronic
pelvic pain, and females with pelvic pain had more chance of
suffering from psychological problems such as depression,
neuroticism, and somatization than those without pain [56].
However, despite the advance in the underlying mechanism
between dysmenorrhea and psychological problems, there
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was no significant association between dysmenorrhea and
persistent PTSD, anxiety, and ADHD.

Strengths and limitations

This is the first exploratory study to examine the longitudi-
nal association of baseline menstrual characteristics with
the incidence and persistence of mental health problems.
Significantly, our study makes up for the deficiency of cross-
sectional research and provides evidence for the importance
of menstruation for the development and maintenance of
certain psychiatric disorders. This is noteworthy, as we find
evidence for a longitudinal association between menstrua-
tion and certain mental health problems in early adoles-
cence. However, several limitations need to be noted. First,
the measurements depending on participant self-reporting
may give rise to recalling bias. Second, in terms of the meas-
ure of regularity of the cycle, only subjective evaluations
were made by participants. Adding an objective measure
(e.g., asking the participants to report the exact cycle lengths
of their previous three to six cycles) would make the vari-
ables more reliable. Third, a reverse longitudinal relation-
ship may also exist. Mental health problems at baseline may
be also related to increased risks of menstrual problems.
Further studies could focus on this point and obtain a non-
confounding assessment of the relationship. Fourth, in the
present study, the age range of the population in the present
study was 9-19 years and girls under the age of 11 accounted
for 2.7 percent. Although a previous study showed good reli-
ability and validity of PHQ 9 in children aged 11-17 years
[57], the reliability and validity of PHQ 9 in children under
the age of 11 need further investigation. Fifth, the mental
health history before baseline assessment is unknown. Sixth,
the generalizability of the results is limited by the short fol-
low-up time. In the present study, we have examined only
a l-year time window. The effects of menstrual character-
istics in late adolescence and even adulthood are unknown.
Finally, assessments were performed at a 1-year interval. We
did not collect more information about how those mental
health disorders fluctuated over the whole 12-month times-
pan. More frequent assessments of psychiatric problems are
needed in future studies to figure out how those psychologi-
cal problems change or persist over time.

Conclusions

Irregular menstrual cycles and menstrual pain may affect
the girls’ mood, leading to the incidence of emotional prob-
lems as well as insomnia, and have lasting effects on most
mental disorders. Identifying the risk factors for females’
mental health problems helps differentiate adolescents who

@ Springer

are more likely to suffer from specific psychiatric disorders
and provide appropriate prevention and interventions tar-
geting specific risk factors. In clinical practice, treatment
of abnormal menstruation could be a way of improving the
mental health condition.
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