
Shin et al. 
Health and Quality of Life Outcomes           (2022) 20:50  
https://doi.org/10.1186/s12955-022-01954-6

RESEARCH

Factors influencing health-related quality 
of life in adolescent girls: a path analysis using 
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Abstract 

Background: Recent studies have reported gender differences in adolescents’ health-related quality of life (HRQOL), 
with females scoring significantly lower than males. Researchers have identified the female puberty process as one of 
the causes of the differences in HRQOL between male and female adolescents. This study examines mechanisms of 
how social support, dietary habits, sleep quality, and depression contribute to predicting HRQOL in relation to men-
strual health among adolescent girls.

Methods: A cross-sectional study was conducted with 295 students recruited from middle and high schools in Korea 
using a self-report questionnaire. A multi-mediation model was constructed based on previous literature and tested 
using path analysis with AMOS, version 21.0.

Results: The study results showed that menstrual health, social support, sleep quality, dietary habits, and depression 
had significant effects on HRQOL. Both sleep quality and depression had significant direct effects on menstrual health. 
Dietary habits, social support, sleep quality, and depression had significant indirect effects on HRQOL, mediated 
through menstrual health. According to serial mediation analysis, the path from social support to HRQOL via dietary 
habits → sleep quality → depression → menstrual health → HRQOL was significant. However, mediation models 
including the path of dietary habits → depression were not supported. The study variables explained 57% of the total 
variance for HRQOL.

Conclusions: The findings suggest menstrual health is an important factor that mediates the effects of eating, 
sleeping, psychological health, and social support on HRQOL. Early complaints about sleep disorders and depressive 
symptoms with poor dietary habits could be an ominous sign for adolescent girls at high risk of menstrual problems 
and lower HRQOL. Empirical evidence from this study suggests the need to develop and test interventions addressing 
multiple modifiable behavioral and psychosocial factors to improve HRQOL in adolescent girls. Interventions or sup-
portive systems that aim to improve eating habits and sleep quality thereby achieving a healthier lifestyle need to be 
developed and incorporated into school health services.

Keywords: Adolescent, Depression, Dietary habits, Menstruation, Quality of life, Sleep, Social support

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Health-related quality of life (HRQOL) is increasingly 
perceived as a central focus in health research [1]. Recent 
studies have reported gender differences in adolescents’ 
HRQOL, with females scoring significantly lower than 
males [2, 3]. Researchers have identified the female 
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puberty process as one of the causes of the differences 
[2].

Menarche and menstruation with hormonal changes 
are remarkable features during puberty and adolescence 
in females. Menstrual problems, such as heavy menstrual 
bleeding, menstrual pain, abnormal cycle length, and an 
irregular menstrual cycle, are common among adoles-
cent girls [4]. These problems are associated with poor 
academic performance and limitations in daily activities, 
which lead to decreased HRQOL in adolescent girls [5].

Past research also suggests that social support, dietary 
habits, sleep quality, and depression are interrelated and 
influence menstrual health and HRQOL in adolescent 
girls. Social support is associated with health behaviors 
and HRQOL. It influences health behaviors through the 
mechanism of improving the ability to access new infor-
mation and developing interpersonal exchanges that 
provide encouragement to engage in healthy lifestyle 
practices including dietary habits or exercises [6, 7]. Die-
tary intake such as much caffeine or deficiency of calcium 
and magnesium plays an important role in the occur-
rence of menstrual problems in relation to symptoms of 
depression and sleep problems [8–10]. Sleep quality and 
depressive feelings have been reported to be related to 
menstrual health and reported as predictors of HRQOL 
[11, 12].

Previous studies, however, have focused on the pat-
terns of the relationship between menstrual health 
and its affecting factors such as diet, sleep, and men-
tal health [13, 14] or on how menstrual problems influ-
ence HRQOL [15]. However, none of the studies has not 
researched these variables simultaneously. Further stud-
ies are warranted to explore the interrelationships among 
them. Understanding how different factors contribute to 
predicting HRQOL and how menstrual health operates 
in this process will help health professionals to be more 
targeted and effective in promoting HRQOL in female 
adolescents.

Hypotheses development
Social support has been recognized as an important pre-
dictor of health and HRQOL. A school-based survey 
reported that supportive social relationships from family 
members, friends, and schoolmates had a positive impact 
on HRQOL in adolescents [6]. In a study among young 
women, Alonso and Coe [16] reported that women with 
more disruptions in their social networks experienced 
more menstrual symptoms than did women with stable 
support. However, rather than a direct influence on men-
strual symptoms, the authors explained that losing a val-
ued personal relationship may reduce a woman’s capacity 
to manage the painful symptoms and actually increase 
neuroendocrinological and proinflammatory physiology 

related to dysmenorrhea. Social relationships also have 
been reported to be associated with depression and sleep 
quality [17]. A study with Korean adolescents found that 
social support affects premenstrual symptoms through 
psychological factors such as depression and stress [18]. 
More parental support was also reported to be linked to 
better sleep quality in adolescents [19].

In addition, in adolescent groups, social support was 
found to be an affecting factor for their lifestyle habits 
which are predictors of menstrual health [7, 20]. A sys-
tematic review reported that parental support has an 
influence on an adolescent healthy diet, meaning positive 
relationships between social support and dietary habits 
in adolescents [7]. Thus, we hypothesized that:

H1: Higher social support is associated with higher 
HRQOL.
H2: Higher social support is associated with lower 
depression.
H3: Higher social support is associated with better 
sleep quality.
H4: Higher social support is associated with healthier 
dietary habits.

Studies on adolescent health have reported relation-
ships between menstrual health and the lifestyle factors, 
such as sleep quality and dietary habits [4, 14]. Sleep 
quality has been reported as one of the potential risk fac-
tors for menstrual pain and girls’ HRQOL [11, 12]. A pre-
vious study reported that poor sleep quality, especially 
less sleep, is related to primary dysmenorrhea in adoles-
cents [11]. Other studies reported sleep quality as a sig-
nificant affecting factor for menstrual irregularities [14]. 
Sleep quality is also associated with adolescents’ HRQOL 
and their own perception of physical and mental health. 
Paiva et al. [21] reported that HRQOL was lower in ado-
lescents with sleep deprivation showing girls had signifi-
cantly more health complaints than boys. Both insomnia 
and a short duration of sleep were found to increase the 
risk of depression in adolescents in several epidemiologi-
cal studies [22, 23]. Thus, we hypothesized that:

H5: Poor sleep quality is associated with lower 
HRQOL.
H6: Poor sleep quality is associated with higher 
depression.
H7: Poor sleep quality is associated with poor men-
strual health.

Other lifestyle variables, such as poor dietary patterns 
have also been reported to be risk factors for menstrual 
problems [11]. Previous studies suggested that breakfast 
skipping affects adolescents’ dietary patterns, reporting 
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adolescents skipping breakfast had more often sugar-
sweetened foods [24]. A high intake of junk food and soft 
drink was reported to be associated with poor sleep qual-
ity in Korean adolescents [8]. Dietary patterns are also 
associated with depression. Studies reported that a lower 
intake of calcium, potassium, vitamin C, vitamin D, and 
proteins was related to depressive symptoms and sleep 
disturbances [9, 10]. A systematic review also identified 
the impact of diet on mental health, reporting healthy 
dietary patterns or consumption of a high-quality diet 
are related to the lower level of depression [25]. Thus, we 
hypothesized that:

H8: Healthier dietary habits are associated with bet-
ter sleep quality.
H9: Healthier dietary habits are associated with 
lower depression.

There is growing evidence of an association between 
menstrual cycle dysfunction and mental health prob-
lems in adolescents and young women [12]. Studies have 
reported that girls with more depressive symptoms were 
at greater risk for experiencing menstrual symptoms 
and lower levels of quality of life (QOL) [26]. A study 
among Korean adolescents reported positive associa-
tions between depressive symptoms and menstrual cycle 
irregularity [4]. Several studies reported direct effects of 
depressive symptoms on QOL in adolescent populations 
[27, 28]. Thus, we hypothesized that:

H10: Higher depression is associated with poor men-
strual health.
H11: Higher depression is associated with lower 
HRQOL.

Past research has studied the relationship between 
QOL and several types of menstrual problems, such as 

dysmenorrhea, heavy menstrual bleeding, and premen-
strual syndrome (PMS). A study of women with primary 
dysmenorrhea confirmed that menstrual cramping pain 
substantially reduces HRQOL [15]. QOL was poorer 
in women who complained of the irregular menstrual 
cycle than in those who did not have such complaints 
[29]. Several studies have shown that women’s HRQOL 
is negatively affected by menstrual dysfunction [30, 31]. 
Research has found a significant association between 
PMS scores and QOL [32]. Thus, we hypothesized that:

H12: Better menstrual health is associated with 
higher HRQOL.

Drawing on these hypotheses, Fig. 1 depicts the hypo-
thetical path model proposed. Based on Fig. 1, increas-
ing social support in adolescent girls can make their 
dietary habits and sleep quality better, reduce depres-
sive feelings, and improve their menstrual health and 
HRQOL. Thus, we hypothesized that:

H13: Dietary habits, sleep quality, depression, and 
menstrual health have significant mediating effects in 
the relationship between social support and HRQOL.

Collectively, past research suggests that the vari-
ables of dietary habits, social support, sleep quality, and 
depression are interwoven and influence adolescent 
girls’ menstrual health and HRQOL directly or indi-
rectly; and menstrual health affects their HRQOL in 
adolescent girls. Accordingly, the present study tested a 
model specifying these multi-mediation pathways.

Study purpose
The purpose of this study was to test a hypothetical 
path model estimating the direct or indirect influence 
of dietary habits, social support, sleep quality, depres-
sion, and menstrual health on HRQOL in adolescent 
girls (Fig. 1).

Fig. 1 Hypothesized relations. Note. HRQOL: health-related quality of life
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Methods
Participants
A cross-sectional survey was conducted from six mid-
dle schools and three high schools in Korea between 
December 2015 and March 2016. The schools were 
located in Seoul and the metropolitan area and they 
were selected by convenience sampling methods. The 
study was approved by the University Institutional 
Review Board and ethical committee (IRB 15215A1). 
All participants and their parents were informed about 
the study and given information about the right to 
withdraw from it without any penalties. Contact infor-
mation and the questionnaire were provided, and all 
questionnaire items were answered anonymously. All 
participants and their parents agreed to participate 
in the study and signed the informed assent form and 
parental consent form. Eligibility criteria included: (1) 
students who were in middle schools or high schools 
(there was no limitation in female students’ age), (2) 
students whose time since menarche was more than 
12 months (because the onset and around of menarche 
is often associated with problems of irregular menstru-
ation, excessive bleeding, and dysmenorrhea) [33], (3) 
students who were not pregnant, and (4) female adoles-
cents who could read and understand Korean.

The estimated sample size was 161, based on an effect 
size of 0.10, αof 0.01, power of 0.95, and a total number 
of predictors of 5 using G*Power. A total of 295 students 
was recruited using a convenient sampling method, and 
all of them participated in the study. Among the 295 stu-
dents enrolled in the study, 291 students (98.6%) com-
pleted all of the questionnaires and were included in the 
analyses for the present study. The sample size of 291 also 
exceeded the recommended minimum of 250 cases for 
bootstrap tests of indirect effects in a path analysis [34].

Procedures
Data were collected by two trained research assistants 
and school nurses from December 2015 to February 
2016 using self-report questionnaires. After obtaining 
permission from schools, research assistants or school 
nurses explained the study and eligibility criteria to stu-
dents during lunchtimes or break times. Students who 
wanted to participate in the study visited school health 
rooms. Research assistants or school nurses informed 
the students about the study in the room. Data were col-
lected from the students who signed on the informed 
assent form. Among the informed students, those who 
were less than 18  years old were given a consent form 
and a study leaflet with the questionnaire. They showed 
the questionnaire and the leaflet to their parents and got 
permission by having their parents sign parental consent 

forms. Students who got permission from their parents 
completed the questionnaire after signing the informed 
assent form.

Measures
Health‑related quality of life
HRQOL was measured by the PedsQL 4.0 Generic Core 
Scale [35]. It is a multidimensional instrument measur-
ing physical, emotional, social, and school functioning 
in children and adolescents and has been translated into 
numerous languages [36]. Choi’s [36] Korean version was 
used in the present study. It is a 5-point response scale 
(0 = never a problem, 4 = almost always a problem). All 
items were reverse-scored and transformed to a 0 to 100 
scale (0 = 100, 1 = 75, 2 = 50, 3 = 25, 4 = 0) so that higher 
scores indicate better HRQOL. Cronbach’s alpha coeffi-
cient was 0.93 in Choi’s study [36] among Korean adoles-
cents and 0.91 in the present study.

Menstrual health
Menstrual health was measured by the Menstrual Health 
Instrument (MHI) developed by Shin and her colleagues 
[37]. It uses a 4-point Likert-type scale and consists of 29 
items assessing affective symptoms, somatic symptoms 
and school life, daily habits for menstrual health, men-
strual cycle characteristics, and attitudes toward and per-
ceptions of menstruation. Higher scores indicate better 
menstrual health status. Cronbach’s alpha coefficient was 
0.91 when it was developed among Korean adolescent 
girls [37] and 0.92 in this study.

Depression
Depression was measured with the Center for Epidemio-
logical Studies Depression Scale (CES-D), developed by 
Radloff [38]. We used Chon and Rhee’s [39] Korean ver-
sion. Participants were asked how often they have had 
depressive symptoms in the past week across 20 items. 
A 4-point Likert-type scale was used, and higher scores 
indicate higher levels of depressive symptoms. Cron-
bach’s alpha coefficient was 0.89 in Chon and Rhee’s [39] 
study and 0.90 in the current study.

Sleep quality
To measure sleep quality, we used a Korean version of 
the Sleep Quality Index [40], the items which were taken 
from the Pittsburgh Sleep Quality Index [41]. For this 
study, we have modified the Korean version of the Sleep 
Quality Index to be adequate for Korean middle and high 
school students (i.e., the item of ‘how often have you had 
trouble staying awake while driving or engaging in social 
activity’ was deleted). The reduced and modified 15-item 
scale measures the level of sleep disturbances and is rated 
on a 4-point response format. Higher scores indicate 
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poorer sleep quality with more severe sleep disturbances. 
Cronbach’s alpha coefficient was 0.74 when it was trans-
lated into Korean [40] and 0.77 in this study.

Dietary habits
Dietary habits were measured with 9 items from the 
Korean Youth Risk Behavior Web-Based Survey [42], 
which is conducted annually by the Korean Center for 
Disease Control. Items were about food intake contain-
ing caffeine, sugar, calcium, fruits and vegetables, and fast 
foods. The items measured the number of food intake 
during the past one week using a 7-point Likert scale. 
The more the respondents ate caffeine, sugar, and fast 
foods, the lower the scores were given. The more they 
ate calcium, fruits, and vegetables, the higher the scores 
were given. Thus, higher scores indicate healthier dietary 
habits.

Social support
Social support was measured by the Perceived Social 
Support Scale (PSSS) developed by Han and Yoo [43]. It 
is a 5-point Likert scale and consists of 24 items regard-
ing perceived support from family, school teachers, and 
friends. Higher scores indicate higher levels of social sup-
port. Cronbach’s alpha coefficient was 0.92 in the past 
study among Korean adolescents [43] and 0.93 in the cur-
rent study.

Statistical analysis
SPSS for Windows, version 21.0 was used to calculate the 
descriptive statistics for summarizing the demographic 
characteristics of the participants and the correlation 
analyses between study variables. The normality of the 
study variables was tested with the Kolmogorov–Smirnov 
test, verifying normal distributions of the six variables 
(W = 0.14–0.20, p = 0.07–0.20).

The path model testing was conducted using AMOS, 
version 21.0. Before testing the model fit, tolerance and 
variance inflation factor (VIF) were computed using the 
SPSS program to detect multi-collinearity problems. The 
model fit was examined using the following goodness-of-
fit indices: the Chi-square value (desired p-value > 0.05), 
the goodness-of-fit index (GFI: desired value > 0.95), 
normed fit index (NFI: desired value > 0.95), compara-
tive fit index (CFI: desired value > 0.95), Tucker-Lewis 
index (TLI: desired value > 0.95), root mean square error 
of approximation (RMSEA: desired value < 0.06), and 
standardized root mean square residual (SRMR: desired 
value < 0.08). [44].

To test whether there were serial multiple mediation 
effects of dietary habits, sleep quality, depression, and 
menstrual health between social support and HRQOL, 
a serial multiple mediation analysis using phantom 

variables was conducted. In the present study, we set the 
bootstrap confidence interval (CI) at 95%, and the num-
ber of bootstrap samples was 2,000. If the 95% CI does 
not contain zero, it indicated that the mediating effect 
was significant.

Results
Characteristics of the participants
The mean age of the participants was 16.35 (SD = 1.53) 
with a range of 14–19  years. Half of the participants 
(50.5%) were high school students. The mean BMI was 
20.25 (SD = 2.61). More than one-third of the partici-
pants (37.5%) skipped breakfast more than four days per 
week. The mean age at menarche was 13.30 (SD = 1.07) 
with a range of 10–16 years. The average usual menstrual 
cycle length was 32.08 days (SD = 14.14) and the duration 
was 6.07 days (SD = 1.49). Of the participants, 10.0% had 
visited clinics for menstrual problems. The demographic 
and menstruation-related characteristics of the partici-
pants are presented in Table 1.

Relationships between study variables
HRQOL was significantly correlated with dietary hab-
its (r = 0.34, p < 0.01), sleep quality (r = − 0.50, p < 0.01), 
social support (r = 0.48, p < 0.01), depression (r = − 0.61, 
p < 0.01), and menstrual health (r = 0.53, p < 0.01).

Menstrual health was significantly correlated with die-
tary habits (r = 0.21, p < 0.01), sleep quality (r = − 0.50, 
p < 0.01), social support (r = 0.22, p < 0.01), depression 
(r = − 0.52, p < 0.01), and HRQOL (r = 0.53, p < 0.01). 
Correlation coefficients between study variables are pre-
sented in Table 2.

Fitness of the path model
In the current study, the VIF was a range of 1.25–1.92, 
which did not exceed the standard value of 10, and tol-
erance was a range of 0.66–0.80, which was larger than 
0.10, indicating no multi-collinearity between study 
variables.

Testing of the hypothetical path model showed that 
the model fit was good (χ2 [3, 291] = 3.52, p = 0.32, 
GFI = 0.99, NFI = 0.99, CFI = 0.99, TLI = 0.99, 
RMSEA = 0.02 [90% of confidence interval = 0.00 
(0 < Lowest level of CI < 0.01) ~ 0.11], SRMR = 0.02). 
Among the 12 paths in the model, one (dietary hab-
its → depression) was not statistically significant.

Direct effects of study variables on HRQOL
The results of the analysis of effects showed that social 
support (b = 4.03, p < 0.01) and menstrual health 
(b = 4.08, p < 0.01) had significant direct effects on 
HRQOL in a positive direction. Sleep quality (b = − 5.19, 
p < 0.05) and depression (b = − 15.93, p < 0.01) were also 
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directly associated with HRQOL but in a negative direc-
tion (Fig. 2).

Indirect effects of study variables on HRQOL
As shown in Table  3, the summative indirect effects 
of dietary habits, social support, sleep quality, and 
depression on HRQOL were significant. Dietary habits 
(b = 9.77, p < 0.05) and social support (b = 7.44, p < 0.01) 
had positive indirect effects on HRQOL. Sleep qual-
ity (b = − 14.27, p < 0.01) and depression (b = − 2.41, 
p < 0.01) also showed significant indirect influence on 
HRQOL but in a negative direction. The five variables 
(social support, dietary habits, sleep quality, depression, 

and menstrual health) explained 57% of the total vari-
ance for HRQOL. The unstandardized and standardized 
direct, indirect, and total effects of the independent vari-
ables on HRQOL are shown in Table 3.

Mediating effects of dietary habits, sleep quality, 
depression, and menstrual health between social support 
and HRQOL
To test the mediating effect of dietary habits, sleep qual-
ity, depression, and menstrual health in the relationship 
between social support and HRQOL, a serial multiple 
mediation analysis was conducted. Although the sum-
mative indirect effect of social support on HRQOL was 

Table 1 Demographic and menstruation-related characteristics of the participants (N = 291)

Variables N % Mean SD

Age (years) 16.35 1.53

School

 Middle school students 144 49.5

 High school students 147 50.5

Body weight (kg) 52.03 8.27

Height (cm) 160.07 5.39

Body mass index 20.25 2.61

 < 18.5 64 22.0

 18.5 to  < 25.0 195 67.0

 25.0 to < 30.0 11 3.8

 ≥ 30 2 0.7

 Missing 19 6.5

Breakfast skipping

 More than 4 days/week 109 37.5

 Less than 3 days/week 182 62.5

Age at menarche (years) 13.30 1.07

Usual menstruation cycle length (days) 32.08 14.14

Usual duration of menstruation (days) 6.07 1.49

Menstrual pain intensity (possible range: 1–10) 4.33 2.86

Experiences of visiting clinic for menstrual problems

 Yes 29 10.0

 No 262 90.0

Table 2 Correlations among the study variables (N = 291)

HRQOL Health-related quality of life

**p < 0.01

Variables Possible range Mean SD 1 2 3 4 5 6

1. Dietary habits 9–63 49.41 6.06 1.00

2. Sleep quality 0–45 10.64 5.78 − 0.34** 1.00

3. Social support 24–120 91.55 13.30 0.34** − 0.31** 1.00

4. Depression 20–80 34.69 9.00 − 0.34** 0.53** − 0.51** 1.00

5. Menstrual health 29–116 78.56 15.11 0.21** − 0.50** 0.22** − 0.52** 1.00

6. HRQOL 0–100 80.17 13.38 0.34** − 0.50** 0.48** − 0.61** 0.53** 1.00
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significant in Table  3, the individual indirect effect was 
different according to the detailed path. The results are 
shown in Table 4.

Social support was associated with HRQOL through 
depression (b = 3.87, p < 0.05), and it was serially associ-
ated with HRQOL through depression and menstrual 
health (b = 0.59, p < 0.01). Social support was also seri-
ally associated with HRQOL through sleep quality and 
menstrual health (b = 0.31, p < 0.01). Moreover, the indi-
rect effect of social support through the three-mediator 
pathways of sleep quality, depression, and menstrual 
health was significant (b = 0.14, p < 0.01). Social support 
was also serially associated with HRQOL through die-
tary habits, sleep quality, and menstrual health (b = 0.13, 
p < 0.05). In addition, the indirect effect of social support 
through the four-mediator pathways of dietary habits, 
sleep quality, depression, and menstrual health was sig-
nificant (b = 0.06, p < 0.01).

However, the path of social support → dietary hab-
its → depression → HRQOL (b = 0.32, p = 0.12) and 
the path of social support → dietary habits → depres-
sion → menstrual health → HRQOL (b = 0.05, p = 0.08) 
were not significant.

Discussion
The mediation model gives the answers to questions 
of how an effect takes place [45]. The mediation pro-
cess outlined in this study shows how social support, 
dietary habits, sleep quality, and depression influence 

female adolescents’ HRQOL in relation to menstrual 
health. In this study, the path from social support to 
HRQOL via dietary habits → sleep quality → depres-
sion → menstrual health → HRQOL was significant. 
The study findings suggest that adolescents who have 
more support from their families or schools might have 
better dietary habits, which leads to them having better 
sleep quality. The adolescents who sleep well might feel 
less depressed and experience fewer menstrual symp-
toms, which leads to better HRQOL. Current findings 
reminded that health care professionals should be con-
scious of potentially co-existing sleep and depressive 
symptoms when menstrual problems were reported, 
and it leads to a decline in HRQOL in adolescent girls. 
Early complaints about sleep disorders and depressive 
symptoms with poor dietary habits could be an omi-
nous sign for adolescent girls at high risk of menstrual 
problems and lower HRQOL.

In this study, based on the estimates of the total effect 
(a summation of a direct effect and an indirect effect) in 
Table  3, we found that social support had great effects 
on both menstrual health and HRQOL. Adolescent per-
ception of social support was associated directly with all 
study variables included in this study except menstrual 
health. The link between social support and the variables 
of dietary habits and sleep quality suggests that adoles-
cents perceiving more support from their family and 
friends tend to have healthier and more desirable lifestyle 
habits. It must be noted that social support was also a 

Fig. 2 Result of the path model testing. Note: HRQOL health-related quality of life; * p < .0.05, ** p < .0.01; GFI goodness-of-fit index, RMSEA root 
mean square error of approximation
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direct predictor of HRQOL, revealing the importance of 
social ties on QOL and the well-being of adolescents [6].

Also, we found that sleep quality had great effects on 
both menstrual health and HRQOL. The total effect of 
sleep quality on HRQOL was significant but the indirect 
effects mediated through menstrual health or depres-
sion were much larger than the direct effects. Rather than 
through the sleep duration or quality itself, adolescent 
girls seem to evaluate their HRQOL through worsening 
psychological and physical symptom status with trouble 
sleeping. It might be attributable to chronically routinized 
shortened sleep duration in Korean adolescents. Due to 
the highly competitive educational system, Korean ado-
lescents have an average of 6.5 h of sleep per night, which 
is substantially lower than the recommended 8–10 h per 
night [46]. Short sleep duration and sleep deprivation 
are usual daily life that every adolescent experiences in 
Korea; they seem to perceive their HRQOL is decreased 
not with less sleep itself but with symptoms developed 
from the poor sleep quality. Previous studies mentioned 
that poor sleep quality puts adolescents at risk for psy-
chological problems and externalizing symptoms; thus, 
the literature emphasized the finding of factors that affect 
adolescents’ sleep quality and of developing interventions 
[47]. The present study extends the previous literature 
by utilizing data of Korean adolescents and confirms the 
negative role of poor sleep quality in externalizing symp-
toms across different cultures.

In addition to examining direct and summative indirect 
relationships between variables, we also tested whether 
there is a chain mediating role between social support 
and HRQOL. In the present study, we found that social 
support and dietary habits affected menstrual health 

indirectly through worsening sleep quality. Both sleep 
problems and depression are common in adolescence 
[23]. Previous studies have reported that sleep quality is 
a powerful predictor of menstrual health [11, 48]. Gagua 
and colleagues [11] reported that one of the most impor-
tant risk factors of menstrual pain in adolescent popula-
tions was poor sleep quality, especially less sleep. Even 
though there are socio-cultural differences, the sleep 
duration of adolescents worldwide as well as in Korea 
is significantly less than the recommended nine to ten 
hours per night [11, 23]. Short sleep duration is strongly 
interrelated with depression, which has been mentioned 
as a potential risk factor for dysmenorrhea [12, 23]. Given 
that depression showed the greatest effect on HRQOL in 
adolescent girls in the current study, treating both con-
ditions of sleep and depression concurrently seems war-
ranted for improving menstrual health and HRQOL for 
adolescents who have a lack of social support.

According to serial mediation analysis, however, 
mediation models including the path of dietary hab-
its → depression were not supported. The indirect effect 
of the social support on HRQOL via dietary habits and 
depression was not statistically significant, nor was the 
three-mediator indirect effect through dietary habits, 
depression, and menstrual health. Given that a signifi-
cant zero-order correlation was observed between die-
tary habits and the variable of depression, it is interesting 
that non-significant path coefficients were found in the 
model. According to the study results, the direct effect of 
dietary habits on depression was not significant. Instead, 
dietary habits indirectly influenced depression through 
sleep quality. Although many studies have indicated a 
relationship between diet and mental health and have 

Table 4 Indirect effects between social support and HRQOL for serial mediation

HRQOL Health-related quality of life, b unstandardized coefficients, β standardized coefficients, SE standard error

*p < 0.05; **p < 0.01

Paths b SE β

via sleep quality → HRQOL 0.49* 0.27 0.02

via depression → HRQOL 3.87* 0.86 0.17

via sleep quality → depression → HRQOL 0.90** 0.27 0.04

via dietary habits → depression → HRQOL 0.32 0.23 0.01

via dietary habits → sleep quality → HRQOL 0.21* 0.12 0.01

via dietary habits → sleep quality → depression → HRQOL 0.38* 0.13 0.02

via sleep quality → menstrual health → HRQOL 0.31** 0.12 0.01

via depression → menstrual health → HRQOL 0.59** 0.18 0.03

via sleep quality → depression → menstrual health → HRQOL 0.14** 0.05 0.01

via dietary habits → sleep quality → menstrual health → HRQOL 0.13* 0.06 0.01

via dietary habits → depression → menstrual health → HRQOL 0.05 0.04 0.01

via dietary habits → sleep quality → depression → menstrual health → HRQOL 0.06** 0.02 0.01

Total indirect effect 7.44** 1.05 0.35
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attempted to explain how diet and nutrition modulate 
mental health status [10, 49], the mechanisms are still 
not well understood [50]. The results of the current study 
suggest that sleep quality can be a mediator in the effect 
mechanism of diet on mental health. This also indicates 
that the depressive symptoms of those who have bad 
dietary habits stem from the extent to which they have 
simultaneously poor sleep quality.

In the current study, the independent variables—
including social support, dietary habits, sleep quality, 
depression, and menstrual health—accounted for 57% 
of the total variance for HRQOL in adolescent girls. 
Undoubtedly there may be other variables contribut-
ing to adolescents’ HRQOL and menstrual health, such 
as hereditary factors or physical illnesses that might 
aggravate menstruation-related symptoms [51, 52]. 
Future research considering these variables may further 
explain menstrual health and HRQOL in adolescent girls 
and extend our knowledge regarding their predictive 
relationships.

Even though this is the first empirical study to exam-
ine how social support, dietary habits, sleep quality, and 
depression influence female adolescents’ HRQOL in rela-
tion to menstrual health, it has several limitations that 
need to be considered when interpreting the results. 
First, the use of convenience sampling may limit the gen-
eralizability of the study findings. The study sample may 
not be representative of all Korean adolescent girls. Sec-
ond, this study used a cross-sectional design; thus, cau-
sality among study variables cannot be established. The 
directionality of relationships needs to be examined with 
longitudinal data. Third, we used self-reporting question-
naires to measure depression and menstrual health in this 
study rather than clinical diagnostic criteria by experts. 
Dietary habits were also measured by retrospective self-
report of food consumption. Although the questionnaires 
used in this study had been validated in Korean adoles-
cent populations [37, 53], further investigations adding 
more objective measures (e.g., daily food dietary infor-
mation) may be helpful to gain a better understanding of 
the predictive relationships among the variables. Lastly, 
in the current study, 10% of the participants had experi-
ences of visiting clinics for menstrual problems, but we 
did not consider the use of hormonal medications and 
their effects on menstrual patterns in the process of esti-
mation of the model.

Conclusion
The current study is an important step toward a better 
understanding of how social support, dietary habits, 
sleep quality, and depression interact with and influ-
ence HRQOL in relation to menstrual health in female 

adolescents. As supported by the current study, men-
strual health is an important factor that mediates the 
effects of eating, sleeping, psychological health, and 
social support on HRQOL. Empirical evidence from 
this study suggests the need to develop and test inter-
ventions addressing multiple modifiable behavioral and 
psychosocial factors to improve HRQOL in adolescent 
girls; a comprehensive approach to improve HRQOL 
should consider the level of perceived social support, 
psychological characteristics, and their menstrual 
health status; interventions or supportive systems that 
aim to improve eating habits and sleep quality thereby 
to achieve a healthier lifestyle need to be developed and 
incorporated into school health services. Also, this was 
the first study exploring how social support, dietary 
habits, sleep quality, and depression influence ado-
lescent girls’ HRQOL in relation to menstrual health. 
Further research is needed to generalize this model to 
other populations with different cultures.
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