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Abstract 

Background Dysmenorrhea has a significant negative impact on teenagers’ quality of life, and its prevalence is 
increasing annually. Although studies have explored the factors affecting dysmenorrhea, it remains unclear how these 
factors interact with one another. This study aimed to explore the mediating role of binge eating and sleep quality 
between depression and dysmenorrhea.

Methods This cross-sectional study recruited adolescent girls from the Health Status Survey of adolescents in Jinan, 
Shandong Province, and used multistage stratified cluster random sampling. Data was collected using an electronic 
questionnaire between March 9, 2022, and June 20, 2022. The Numerical Rating Scale and Cox Menstrual Symptom 
Scale were used to assess dysmenorrhea and the Patient Health Questionnaire-9 to assess depression. The mediation 
model was tested by Mplus 8.0, and the mediating effect was analyzed using the Product of Coefficients approach 
and the Bootstrap method.

Results Among the total of 7818 adolescent girls included in this study, the prevalence of dysmenorrhea is 60.5%. 
A significant positive association was found between dysmenorrhea and depression. Binge eating and sleep quality 
seemingly mediate this association. The mediating effect of sleep quality (21.31%) was greater than that of binge eat-
ing (6.18%).

Conclusions The findings of this study point in the right direction for preventing and treating dysmenorrhea in 
adolescents. For adolescent dysmenorrhea, mental health should be considered and proactive steps taken for educat-
ing adolescents on healthy lifestyles to reduce negative consequences of dysmenorrhea. Longitudinal studies on the 
causal link and influence mechanisms between depression and dysmenorrhea should be conducted in the future.
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Introduction
Dysmenorrhea is a type of pain that includes symp-
toms such as lower abdominal cramps and other dis-
comfort before and/or during menstruation [1]. It can 
be divided into primary and secondary dysmenorrhea 
[2]. Primary dysmenorrhea is characterized by lower 
abdominal pain without organic lesions, whereas sec-
ondary dysmenorrhea is caused by organic lesions in 
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the pelvis [3]. A series of physiological-psychological-
nerve-endocrine changes occur in adolescence [4], and 
menstrual health specifically is affected by complex 
physiological and psychological changes [5]. Accord-
ing to a previous study, dysmenorrhea has the high-
est prevalence (89.7%) of menstrual disorders [6]. The 
prevalence of dysmenorrhea in adolescents varies 
greatly across the globe, with previous studies indicat-
ing a prevalence ranging from 20%-90% [7]. For exam-
ple, the prevalence of dysmenorrhea in adolescents is 
77.8% in Osogbo [8], 38.1% in Lebanon [9], and 89% in 
Sweden [10]. In recent years, 16%–93% of adolescent 
girls reported dysmenorrhea [11]. Dysmenorrhea has 
a direct adverse impact on the quality of life [11]; for 
instance, dysmenorrhea affects women’s social lives and 
students’ academic performance due to issues includ-
ing absenteeism and inability to participate in physical 
activities [12].

Studies have shown that negative emotions may aggra-
vate dysmenorrhea [13], but the mechanism is not com-
pletely clear. Depression is a common negative emotion. 
During the epidemic period of the coronavirus dis-
ease 2019 (COVID-19), the incidence of depression 
increased and was much higher in girls (14.65%) than in 
boys (9.04%) [14–16]. Furthermore, studies have shown 
that the frequency of depressive symptoms after SARS-
CoV-2 infection ranges from 11 to 28% [17]. Therefore, it 
is necessary to further explore the possible mechanisms 
between depression and dysmenorrhea for more compre-
hensive dysmenorrhea management and treatment.

According to the psychodynamic hypothesis, behavior 
is primarily influenced by psychological forces, leading to 
the development of physical symptoms [18, 19]. Behavioral 
psychology theory points out that implicit psychology pre-
dominates over explicit actions because the main objec-
tive of psychology is to predict and control behavior [20]. 
Therefore, we hypothesized that depression may trigger 
dysmenorrhea through certain behavioral factors. Previ-
ous research has shown that eating behavior can mediate 
the association between depression and other diseases 
such as obesity and cardiovascular disease [21, 22]. More-
over, a school-based study in Australia found that 12.4% of 
adolescents reported binge eating at least once per week 
[23]. Another study in Bahrain showed that 21.2% of young 
people engaged in binge eating [24]. However, no study has 
examined whether dietary behaviors mediate the associa-
tion between depression and dysmenorrhea. In addition, a 
study has shown that 52.7% of adolescents have poor sleep 
quality [25]. During adolescence, the prevalence of sleep 
disorders is higher in girls than in boys [26]. Sleep quality 
has a partially mediated effect on depression and pain [27]; 
however, it is unclear whether this relationship holds true 
for dysmenorrhea.

Individuals with binge eating behaviors reportedly 
have hypersensitivity to certain interoceptive signals [28]. 
Therefore, binge eating may aggravate the discomfort 
associated with dysmenorrhea. Depression is related to 
eating disorders [29], and even predicts eating disorders 
during adolescence [30]; therefore, we hypothesized that 
depression can indirectly affect dysmenorrhea through 
binge eating behavior. To date, studies have found no sig-
nificant association between dysmenorrhea and factors 
including sleep work patterns and sleep time, but there 
is a significant association between dysmenorrhea and 
sleep quality [31]. Students with depression were 2.47 
times more likely to develop sleep disorders than other 
students [32]. Therefore, we hypothesized that depres-
sion could indirectly affect dysmenorrhea by affecting 
sleep quality. Additionally, excessive carbohydrate intake 
is harmful to sleep quality [33], therefore, based on psy-
chodynamic and behavioral psychology theories, we 
hypothesized that depression can indirectly affect sleep 
quality through binge eating behavior.

Depression, binge eating behavior, and poor sleep 
quality are all risk factors for dysmenorrhea; however, 
no study has identified the interactional mechanisms 
between these risk factors. In previous studies, the diag-
nostic criteria for dysmenorrhea were different [34], 
and there are few studies with multicenter, large sam-
ples reporting dysmenorrhea in adolescents since the 
COVID-19 outbreak. Therefore, our research is devoted 
to addressing the following problems:

(1) The current prevalence of dysmenorrhea among 
adolescent girls;

(2) The correlation between depression and dysmenor-
rhea; and

(3) The mediating effects of binge eating and sleep 
quality on depression and dysmenorrhea.

Materials and methods
Participants
Data were collected from a cross-sectional study con-
ducted in Jinan, Shandong Province, from March 9, 2022, 
to June 20, 2022, that aimed to explore the health status 
of adolescents. The respondents were junior and senior 
high school students. Information on sociodemographic 
characteristics, mental health, lifestyle, and menstrua-
tion-related variables were included. The menstruation-
related questions were only asked for girls to answer. We 
use the stratified multistage random sampling to select 
participants from all districts and counties in Jinan (10 
districts and 2 counties). In the first stage, according to 
the probability proportionate-to-size sampling method 
(PPS) [35], 1 junior high school and 1 senior high school 
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were randomly selected from 10 districts, 3 junior high 
schools and 1 senior high school from 2 counties, and 
a total of 6 vocational high schools from all districts 
and counties of Jinan. A total of 16 junior, 12 senior, 
and 6 vocational high schools were selected. In the sec-
ond stage, based on the PPS, 3–5 classes were selected 
separately from each grade of each school, and a total 
of 443 classes were selected. Lastly, all students in the 
selected class completed an electronic questionnaire. In 
the Health Status Survey of Adolescents in Jinan, Shan-
dong Province, a total of 17,703 questionnaires were col-
lected, of which 8,685 were girls and 9018 were boys, for 
a response rate of 86.7%. In this study, the 8685 girls from 
the Health Status Survey of Adolescents were included. 
Information about the Cox Menstrual Symptom Scale 
(CMSS), the Patient Health Questionnaire-9 (PHQ-9), 
binge eating, sleep quality, and sociodemographic char-
acteristics from the questionnaire were all incorporated 
into this study. The inclusion criterion for this study was 
middle and high school girls aged 10 to 20  years; the 
exclusion criterion was students who had not yet reached 
menarche. In addition, questionnaires with incomplete 
answers were discarded during the data analysis process. 
In total, 7818 eligible female respondents were included 
in this study. The effectiveness rate of the questionnaire 
was 90.02%.

The Public Health Ethics Committee of Shandong 
University reviewed and approved the study protocol 
(approval number: LL20211116). All participants pro-
vided informed consent.

Measures
Dysmenorrhea
The severity and duration of dysmenorrhea symptoms 
were evaluated using the CMSS (see Supplementary 
Table  1). The scale was developed by Professor Daniel 
J. Cox in 1978 to comprehensively evaluate the sever-
ity and duration of dysmenorrhea symptoms [36]. The 
Cronbach’s alpha coefficient of the Cox Menstrual 
Symptom Scale of the Chinese version was 0.833 and the 
KMO was 0.811 [37]. This scale contains 18 items, each 
with two assessment dimensions: severity and dura-
tion of dysmenorrhea symptoms. The 18 items include: 
“general aching, headaches, stomachache, backaches, 
cramps, leg aches, dizziness, facial blemishes, flushing, 
nausea, vomiting, loss of appetite, diarrhea, weakness, 
insomnia, gloomy, irritability, and nervousness.” In the 
severity level assessment, each symptom was scored on 
a 5-point scale: 0 = no discomfort, 1 = mild discomfort, 
2 = moderate discomfort, 3 = severe discomfort, and 
4 = very severe discomfort. In the duration level assess-
ment, each symptom was also scored on a 5-point scale: 
0 = none, 1 = lasting 0–3 h, 2 = lasting 3–7 h, 3 = lasting 

7–24 h, and 4 = lasting > 24 h. The total score of the two 
dimensions can be calculated to comprehensively evalu-
ate dysmenorrhea symptoms. The total score ranges 
from 0 to 144. The higher the score, the more severe the 
dysmenorrhea. In this study, the Cronbach’s alpha coef-
ficient of the Cox Menstrual Symptom Scale was 0.963 
and the KMO was 0.897.

Using the Numerical Rating Scale (NRS) to classify 
the severity of dysmenorrhea. According to previous 
research, the NRS has been widely used in various studies 
to assess the degree of pain, and it has high reliability and 
validity [38]. Dysmenorrhea was categorized into 11 lev-
els: 0 = no dysmenorrhea, 1–3 = mild pain, 4–6 = moder-
ate pain, 7–9 = severe pain, and 10 = very severe pain.

Depression
The depression symptoms in the past 2  weeks were 
assessed using the PHQ-9 (see Supplementary Table  2), 
a study has confirmed that the PHQ-9 is a reliable and 
valid measure of depression [39]. The questionnaire 
consisted of nine items: “1. Little interest or pleasure 
in doing things.” “2. Feeling down, depressed, or hope-
less.” “3. Trouble falling or staying asleep, or sleeping too 
much.” “4. Feeling tired or having little energy.” “5. Poor 
appetite or overeating.” “6. Feeling bad about yourself—
or that you are a failure or have let yourself or your fam-
ily down.” “7. Trouble concentrating on things, such as 
reading the newspaper or watching television.” “8. Mov-
ing or speaking so slowly that other people could have 
noticed, or the opposite—being so fidgety or restless that 
you have been moving around a lot more than usual.” “9. 
Thoughts that you would be better off dead or of hurting 
yourself in some way.” Each item rated on a 4-point scale 
(0 = never, 1 = for a few days, 2 = just over half of the 
days, and 3 = almost daily). The total score ranged from 
0 to 27, with a total score of 0–4 indicating no depres-
sion, 5–9 indicating mild depression possibly, 10–14 
indicating moderate depression possibly, 15–19 indicat-
ing moderate-to-severe depression possibly; and 20–27 
indicating severe depression possibly. In this study, Cron-
bach’s alpha coefficient of the PHQ-9 was 0.925 and the 
KMO was 0.945.

Mediating variables
Mediating variables included binge eating and sleep 
quality. Binge eating is when you eat more food than the 
majority of people do in comparable circumstances and 
you are unable to stop, regulate what you eat, or regulate 
how much you eat [40]. Sleep quality refers to how sat-
isfied you are with your sleeping experience. Good sleep 
quality means that you feel rested and refreshed. You 
enjoy your sleep and have fulfilling familial and social 
interactions [41]. Binge eating was classified as frequent, 
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occasional, or never, and sleep quality was classified as 
good, general, or poor.

Covariates
We controlled for age (10–13  years, 14–17  years, 
18–20  years), school type (junior high school, senior 
high school, vocational high school), parental education 
level (junior high school and below, senior high school/
technical secondary school, bachelor’s/college degree 
and above), boarding at school (yes = 1, no = 0), maternal 
history of dysmenorrhea (unclear, yes, no), and average 
sleep duration per night (excessive, normal, inadequate).

Statistical analysis
Statistical analysis was performed using SPSS version 
26.0 and Mplus version 8.0. We tested whether the data 
followed a normal distribution before analysis. We pre-
sent sample characteristics as frequency (percentage). 
Nonparametric tests (Kruskal–Wallis test and Mann–
Whitney U test) were performed to compare the total 
CMSS scale scores in subgroups of different categorical 
variables. In addition, the main study variables (depres-
sion level, binge eating, sleep quality, and dysmenor-
rhea symptoms) were tested using Spearman’s rank 
correlation.

Finally, Mplus version 8.0 was used to test the mediat-
ing effect of binge eating and sleep quality on depression 
and dysmenorrhea. A significant mediation effect was 
demonstrated if the 95% confidence intervals (CIs) of 
the interaction did not contain 0 (effect test p < 0.05), and 
95% bias-corrected CIs was yielded by 5,000 bootstrap 
estimates. Statistical significance was defined as a two-
tailed p-value of < 0.05.

Results
Sample characteristics
The mean age of the 7,818 adolescent girls included in 
this study was 15.71 ± 1.617 years. The prevalence of dys-
menorrhea is 60.5% (n = 4732), and that of mild, mod-
erate, severe, and very severe dysmenorrhea was 12.8%, 
33.7%, 12.4%, and 1.6%, respectively. In addition, infor-
mation about the frequency of CMSS and PHQ-9 are 
shown in Supplementary Table 3 and  4.

Table 1 summarizes the sociodemographic information 
of the 4,732 girls with dysmenorrhea and the univariate 
analysis of the total CMSS scale score in the subgroups of 
different category variables. Univariate analysis showed 
that age, type of school, boarding at school, maternal 
history of dysmenorrhea, sleep duration, sleep qual-
ity, and binge eating were significantly associated with 
dysmenorrhea.

Preliminary analyses
Table 2 presents the Spearman’s rank correlation coeffi-
cients for the main study variables. Depression was posi-
tively associated with dysmenorrhea (r = 0.543, p < 0.01), 
binge eating behavior (r = 0.262, p < 0.01), and poor 
sleep quality (r = 0.334, p < 0.01). Binge eating behavior 
was positively associated with dysmenorrhea (r = 0.237, 
p < 0.01) and poor sleep quality (r = 0.112, p < 0.01). Poor 
sleep quality was positively associated with dysmenor-
rhea (r = 0.428, p < 0.01).

Testing for the mediating effect
The mediator model showed an acceptable fit: χ2/
df = 1.705, CFI = 0.994, TLI = 0.990, RMSEA = 0.012, and 
SRMR = 0.059.

As shown in Table 3 and Fig. 1, binge eating and sleep 
quality had partial mediating effects on depression and 
dysmenorrhea, respectively. The difference in the medi-
ating effects between binge eating and sleep quality was 
statistically significant (Table 4), and the mediating effect 
of sleep quality (21.31%) was greater than that of binge 
eating (6.18%); however, the binge eating to sleep quality 
pathway was not statistically significant (P = 0.213).

Discussion
More than half of the adolescent girls in this study experi-
enced dysmenorrhea, with more than one-third of those 
experiencing moderate dysmenorrhea. This is inconsist-
ent with the results of the prior study, which found that 
the prevalence of mild dysmenorrhea had the highest 
proportion [31]. Although the overall prevalence in our 
study is high, it is lower than the results of said previous 
study [31]. A possible reason for this is that there are no 
uniform diagnostic criteria for dysmenorrhea. Addition-
ally, it might be because the COVID-19 pandemic has 
affected the prevalence of dysmenorrhea in teenagers in 
recent years.

The current study focused on the relationship between 
depression and dysmenorrhea in adolescent girls and 
revealed the possible mechanisms underlying the rela-
tionship between depression and dysmenorrhea through 
a mediation model. We found a positive association 
between depression and dysmenorrhea. Binge eating and 
sleep quality had a partial mediating effect on depression 
and dysmenorrhea, respectively. The mediating effect of 
sleep quality (21.31%) was greater than that of binge eat-
ing (6.18%).

Three possible pathways may explain the association 
between depression and dysmenorrhea. In the physiolog-
ical pathway, we hypothesize that because depression and 
other bad emotions can result in psychological imbal-
ance and neuroendocrine abnormalities, which in turn 
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stimulate the uterus, increased uterine isthmus tension 
can either cause or worsen dysmenorrhea. Studies have 
shown that the monoamine hypothesis of depression 
states that the neurotransmitter-serotonin release func-
tion is weakened in the brains of patients with depression 
[42], and serotonin release can participate in the inhibi-
tion of some types of pain [43]. Therefore, patients with 
depression may be more sensitive to dysmenorrhea. In 

Table 1 Characteristics of the sample (N = 4732)

CMSS the Cox Menstrual Symptom Scale
a Kruskal-wallis test
b Mann-Whitney U test

Variables N(%) CMSS Score H/Z P
M(P25-P75)

Observation variable 4732(100.0) 27.0(14.00–45.00)

Age 59.259a 0.000

 10–13 394(8.3) 19.0(8.75–34.00)

 14–17 3611(76.3) 27.0(14.00–46.00)

 18–20 727(15.4) 30.0(15.00–48.00)

Type of school 173.956a 0.000

 Junior high school 1776(37.5) 21.0(10.00–37.00)

 Vocational high school 844(17.8) 33.0(18.00–56.00)

 Senior high school 2112(44.6) 30.0(15.25–48.00)

Father’s education 0.586a 0.746

 Junior high school and below 2371(50.1) 27.0(14.00–45.00)

 Senior high school 1242(26.2) 26.0(13.00–45.00)

 Bachelor’s/college degree and above 1119(23.6) 27.0(14.00–45.00)

Mother’s education 3.582a 0.167

 Junior high school and below 2677(56.6) 26.0(13.00–45.00)

 Senior high school 1101(23.2) 26.0(13.00–45.00)

 Bachelor’s/college degree and above 954(20.2) 29.0(14.00–46.00)

Boarding at school 2.198b 0.028

 Yes 2130(45.0) 28.0(14.00–47.00)

 No 2602(55.0) 26.0(14.00–44.00)

Mother’s history of dysmenorrhea 49.071a 0.000

 Yes 2305(48.7) 29.0(16.00–48.00)

 No 1050(22.2) 23.0(10.00–41.00)

 No clear 1377(29.1) 27.0(14.00–45.00)

Sleep duration 61.692a 0.000

 Inadequate 3348(70.8) 29.0(15.00–47.00)

 Normal 1351(28.6) 23.0(10.00–40.00)

 Excessive 33(0.7) 30.0(21.00–59.50)

Sleep quality 906.332a 0.000

 Good 1953(41.3) 17.0(8.00–32.00)

 General 2195(46.4) 31.0(18.00–46.00)

 Poor 584(12.3) 55.0(36.00–76.00)

Binge eating 265.551a 0.000

 Often 126(2.7) 43.0(19.75–69.00)

 Sometimes 1223(25.8) 36.0(21.00–56.00)

 Never 3383(71.5) 23.0(11.00–40.00)

Table 2 The correlations among the main study variables

CMSS the Cox Menstrual Symptom Scale
**  p < 0.01

Variables 1 2 3 4

Depression score 1

CMSS score 0.543** 1

Binge eating 0.262** 0.237** 1

Sleep quality 0.334** 0.428** 0.112** 1
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the behavioral pathway, we mainly considered dietary 
behavior, which was represented by binge eating. In the 
sleep pathway, we primarily considered sleep quality.

Our results show that the association between depres-
sion and dysmenorrhea is partially mediated by binge 
eating, probably revealing one of the dietary behavioral 
mechanisms regarding how depressive symptoms indi-
rectly affect dysmenorrhea symptoms. We think that 
one of the ways that depression indirectly influences dys-
menorrhea through binge eating is that depressed peo-
ple may prefer to eat to soothe an unpleasant mood, and 
that both binge eating and depression may lead to endo-
crine abnormalities that cause or worsen dysmenorrhea. 
A previous study has shown that the gray matter volume 

increases in the left anterior abdominal insula of people 
with binge eating behavior, causing hypersensitivity [44], 
which may aggravate the uncomfortable feeling of dys-
menorrhea. Depressed people have elevated cortisol lev-
els [45], elevated cortisol levels increase food intake [46], 
which may contribute to the significant positive relation-
ship between depression and binge eating behavior.

Our results also showed that the association between 
depression and dysmenorrhea is partially mediated by 
sleep quality, probably revealing one of the sleep mech-
anisms regarding how depressive symptoms indirectly 
affect dysmenorrhea symptoms. We believe that sleep 
problems are almost always a common sign of depression 
and that poor sleep quality is likely to interfere with the 

Table 3 The chained mediation model and 95% CIs

Adjusted for age, school type, educational level of parents, boarding at school, mother’s history of dysmenorrhea, and sleep duration. The values listed in the table are 
all standardized values. S.E Standard error

Path A: Depression- > Sleep Quality- > Dysmenorrhea

Path B: Depression- > Binge Eating- > Dysmenorrhea

Path C: Depression- > Binge Eating- > Sleep quality- > Dysmenorrhea

Path D: Depression- > Dysmenorrhea

Model pathways Point
Estimate

Product of Coefficients Bootstrap 5000 Times

95%CI

S.E Est./S.E P Value Lower Upper

Path A 0.107 0.008 13.644 0.000 0.092 0.122

Path B 0.031 0.005 6.217 0.000 0.022 0.042

Path C 0.002 0.002 1.245 0.213 -0.002 0.006

Path D 0.362 0.018 20.475 0.000 0.323 0.391

Total indirect 0.140 0.009 15.518 0.000 0.123 0.158

Total 0.502 0.015 34.542 0.000 0.467 0.565

Fig. 1 Mediating effects of binge eating and sleep quality on depression and dysmenorrhea. Note: adjusted for age, school type, educational level 
of parents, boarding at school, mother’s history of dysmenorrhea, and sleep duration. Standardized pathway coefficients are shown outside in 
parentheses, and standard errors are shown in parentheses, * p < 0.01
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production of prostaglandins, which can cause dysmen-
orrhea. Experiments have shown that prefrontal density 
declines in the brains of individuals with depression. In 
this region, genes that control circadian rhythms regulate 
sleep dysregulation [47]. The effect of sleep quality on 
dysmenorrhea may be due to overlapping central nerv-
ous system mechanisms [48]. In this study, the path coef-
ficient for binge eating-sleep quality was not significant. 
However, previous research found a link between dietary 
habits and sleep problems [33]. It is possible that other 
mechanisms influence the relationship between dietary 
behaviors and sleep disorders, and further research is 
required to clarify this relationship.

Our study has several public health implications. Gov-
ernment can implement measures to prevent and relieve 
dysmenorrhea in adolescents by focusing on the preven-
tion and treatment of depression and educating teenagers 
to develop good living habits. Firstly, relevant person-
nel should pay attention to the psychological problems 
of teenagers, especially in the context of the normaliza-
tion of the COVID-19 epidemic because they frequently 
arise in this context [49]. Teenagers are an especially vul-
nerable group, relevant departments should pay more 
attention to their mental health and provide necessary 
psychological support services. Secondly, educators need 
to correct students’ living habits, to maintain good eating 
behaviors, especially educate young people in developing 
good sleep habits.

To the best of our knowledge, few studies have the 
sample size included in this study. For the first time, our 
study examined the interaction mechanisms of psycho-
logical factors (depressive symptoms), dietary behavioral 
factors (binge eating behavior), and sleep problems (sleep 
quality) on dysmenorrhea in adolescents. Most previous 

studies of dysmenorrhea focused only on the unidirec-
tional dimension of the severity of lower abdominal pain, 
whereas the CMSS covers a broader range of dysmenor-
rhea symptoms and dimensions.

The limitations of our study can provide directions for 
further research. Firstly, the data collection with a struc-
tured self-report questionnaire could not exclude the 
recall bias. Secondly, the cross-sectional study examined 
only the relationship between depression and dysmen-
orrhea, making it difficult to conclude causal inferences 
between depression and dysmenorrhea. Furthermore, 
using a self-report questionnaire rather than a clinical 
diagnosis, the judgment of dysmenorrhea may not be 
completely correct, and there is no way to distinguish 
between primary dysmenorrhea and secondary dysmen-
orrhea. In the future, a combination of clinical diagnostic 
techniques will be needed to distinguish between pri-
mary and secondary dysmenorrhea for further research. 
Finally, this study can only represent the situation of ado-
lescent girls in Jinan City, Shandong Province; whether 
the conclusions can be generalized to other regions is 
unknown. Further longitudinal studies should be con-
ducted on the causal relationship and mechanism of 
influence between depression and dysmenorrhea. Mul-
ticenter, large-sample research should be conducted in 
the future. Simultaneously, investigators should com-
bine public health technology with clinical diagnostic 
techniques.

Conclusion
Sleep quality and binge eating partially mediate the posi-
tive association between depression and dysmenorrhea. 
The mediating effect of sleep quality (21.31%) was greater 
than that of binge eating (6.18%). Our results encourage 

Table 4 The parallel mediation, 95% CIs and comparison between the mediation effects

Note: adjusted for age, school type, educational level of parents, boarding at school, mother’s history of dysmenorrhea, and sleep duration. The values listed in the 
table are all non-standardized values. S.E Standard error

Path AB1: Depression- > Binge eating- > Dysmenorrhea

Path AB2: Depression- > Sleep Quality- > Dysmenorrhea

Model pathways Point
Estimate

Product of Coefficients Bootstrap 5000 Times

95%CI

S.E Est./S.E P Value Lower Upper

Indirect Effects
    Path AB1 0.153 0.023 6.633 0.000 0.112 0.205

    Path AB2 0.500 0.035 14.205 0.000 0.436 0.575

    Total indirect 0.653 0.043 15.063 0.000 0.578 0.747

    Direct 1.626 0.080 20.225 0.000 1.464 1.775

    Total 2.279 0.047 32.135 0.000 2.137 2.418

Contrast
    Path AB1 vs. Path AB2 -0.347 0.041 -8.491 0.000 -0.428 -0.270
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educators to concentrate on the mental health problems 
of adolescents while educating them to develop good life 
habits to prevent and relieve dysmenorrhea symptoms, 
further improving the quality of life of adolescents. In the 
future, longitudinal studies and multicenter, large-sample 
research should be conducted. Simultaneously, we should 
combine public health technology with clinical diagnos-
tic techniques.
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