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Tablet_fERItE

N never seldom sometimes  often always Uncetain
Male
Junior high school
7th grade 6497 66.1 15.5 12.4 34 1.7 09
8th grade 6769 62.9 17.2 13.0 4.2 2.0 0.8
9th grade 6296 63.8 15.2 13.6 4.1 24 0.9
Senior high school
10th grade 10154 578 18.5 15.8 4.7 24 0.9
11th grade 9599 56.5 18.1 16.9 5.1 24 1.0
12th grade 8762 58.2 15.9 16.7 5.1 30 1.1
Total 48077 60.2 16.9 150 45 24 0.9
Female
Junior high school
7th grade 6769 64.4 16.8 12.9 35 1.9 0.6
8th grade 6837 60.2 17.8 14.8 49 1.8 0.6
9th grade 6579 57.1 18.3 16.3 5.0 2.5 0.7
Senior high school
10th grade 9964 48.9 20.7 20.9 6.2 2.6 06
11th grade 8662 46.6 19.9 23.2 6.5 29 0.8
12th grade 7893 49.3 194 21.5 6.3 28 0.8
Total 46700 53.6 19.0 18.7 5.5 2.5 0.7
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Variabl N Prevalences Qdds ratios
anables % 95%CI P value® AOR 95%CI P value®
Sex <0.001 0.031
Male 47602 79 17 - 8.1 1.00
Female 46301 96 93 - 9.9 1.06 1.0t 1.11
Grade <0.001 <0.001
7th grade 13154 6.7 6.3 - 7.1 1.00
8th grade 13488 81 76 - 86 1.06 0.96 1.17
9th grade 12760 87 82 - 92 1.00 0.91 1.1
10th grade 19948 94 90 - 98 092 084 1.01
11th grade 18070 97 93 - 101 092 084 1.01
12th grade 16483 89 85 - 93 078 0.7 0.87
Smoking <0.001 <0.001
No 88947 80 78 - 82 1.00
Yes 4802 208 19.7 - 219 1.84 1.68 2.02
Drinking alcohol <0.001 <0.001
No 17677 76 74 - 178 1.00
Yes 15745 141 136 - 146 1.30 1.22 1.39
Eating breakfast <0.001 <0.001
Daily 76930 80 78 - 8.2 1.00
Occasional 8337 115 108 - 122 1.07 099 1.16
Never 5612 152 143 - 16.1 1.23 1.13 1.34
Extracurricular activities <0.001 0.824
Participating 62829 8.1 79 - 8.3 1.00
Not participating 27596 103 99 - 107 1.01 095 1.06
Mental health <0.001 <0.001
good 50607 35 33 - 37 1.00
poor 42775 148 145 - 1541 3.58 3.38 3.80
Sleep duration, h <0.001 <0.001
<5 15329 125 120 - 130 111 1.01 1.23
25, 6< 14871 100 95 - 105 1.01 091 1.11
26, < 40904 76 73 - 19 099 091 1.08
27, & 12952 64 60 - 68 1.00
28, 9< 6854 64 58 - 70 - 105 092 1.19
29 2161 143 128 - 158 198 1.70 2.32
Subjective sleep assessment <0.001 <0.001
very good / good 55453 61 59 - 63 1.00
bad / very bad 37944 125 122 - 128 122 115 1.29
Insomnia symptoms <0.001 <0.001
Absence 72492 62 60- 64 1.00
Presence 20589 176 171 - 181 205 194 2.16
Excessive daytime sleepiness <0.001 <0.001
Absence 53911 53 51 - 55 1.00
Presence 39818 134 131 - 13.7 1.78 1.68 1.88
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Variabl N Prevalences QOdds ratios
anables % 95%Cl P value® AOR 95%CI P value®
Sex <0.001 0.031
Male 47602 78 1.7 - 841 1.00
Female 46301 96 93 - 998 106 1.01 1.11
Grade <0.001 <0.001
7th grade 13154 6.7 63 - 71 1.00
8th grade 13488 81 176 - 86 1.06 0.96 1.17
9th grade 12760 87 82 - 92 1.00 0.91 1.1
10th grade 19948 94 90 - 98 092 084 1.01
11th grade 18070 97 93 - 101 092 084 1.01
12th grade 16483 89 85 - 93 0.78 0.71 0.87
Smoking <0.001 <0.001
No 88947 80 78 - 82 1.00
Yes 4802 208 197 - 219 184 1.68 2.02
Drinking alcohol <0.001 <0.001
No 77677 76 74 - 18 1.00
Yes 15745 141 136 - 146 1.30 1.22 1.39
Eating breakfast <0.001 <0.001
Daily 76930 80 78 - 82 1.00
Occasional 8337 115 108 - 122 1.07 0.99 1.16
Never 5612 15.2 143 - 16.1 123 113 1.34
Extracurricular activities <0.001 0.824
Participating 62829 81 79 - 83 1.00
Not participating 27596 103 9% - 107 1.01 095 1.06
Mental health <0.001 <0.001
good 50607 35 33 - 37 1.00
poor 42775 148 145 - 151 358 3.38 3.80
Sleep duration, h <0.001 <0.001
<5 15329 125 120 - 130 .11 1.01 1.23
25, 6< 14871 100 95 - 105 1.0t 091 1.1
26, 7< 40904 76 13 - 179 0.99 0.91 1.08
27, 8¢ 12952 64 60 - 68 1.00
28, 9< 6854 64 58- 70 1.05 0.92 1.19
29 2161 143 128 - 158 1.98 1.70 2.32
Subjective sleep assessment <0.001 <0.001
very good / good 55453 6.1 59 - 63 1.00
bad / very bad 37944 125 122 - 128 1.22 1.15 1.29
Insomnia symptoms <0.001 <0.001
Absence 72492 62 60 - 64 1.00
Presence 20589 176 171 - 181 205 194 2.16
Excessive daytime sleepiness <0.001 <0.001
Absence 53911 53 51 - 55 1.00
Presence 39818 13.4 131 - 137 1.78 1.68 1.88
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High impulsive student

Easily angered student

Prevalnece(%) 95%CI P value’ Prevalnece(%) 95%Cl P value®
Male <0.01 <0.01
Junior high school
Tth grade 6497 5.2 47 - 57 6.0 54 - 66
8th grade 6769 6.2 56 - 6.8 7.0 64 - 176
9th grade 6296 6.6 60 - 7.2 78 71 - 85
Senior high school
10th grade 10154 7.2 6.7 - 17 84 79 - 89
11th grade 9599 7.6 71 - 81 86 80 - 9.2
12th grade 8762 8.2 76 ~ 88 84 78 - 90
Total 48077 7.0 68 - 72 79 1.7 - 8.1
Female <0.01 <0.01
Junior high school
Tth grade 6769 5.4 49 - 59 73 67 - 79
8th grade 6837 6.7 61 - 73 9.2 85 - 99
9th grade 6575 1.5 69 - 8.1 9.6 89 - 103
Senior high school
10th grade 9964 8.9 83 - 95 103 9.7 - 109
11th grade 8662 95 89 - 101 109 102 - 116
12th grade 7893 9.2 86 - 98 9.5 89 - 101
Total 46700 8.0 78 - 82 9.6 93 - 99
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If the factors affecting the mental health status of adolescents and their association with sleep status could be
clarified, this information would be helpful for formulating lifestyle and healthcare guidance for the
promotion of healthy growth and the prevention of mental problems in these individuals. The purpose of this
study was to clarify (1) the factor structure of the 12-item General Health Questionnaire (GHQ-12), and (2)
the associations between the factors extracted from this questionnaire and lifestyle, in particular sleep status,
by using a representative sample population of Japanese adolescents. One hundred three thousand sixty
hundred fifty self-administered questionnaires were collected from students enrolled in junior high and high
schools in Japan. Of these questionnaires, 99,668 were analyzed. Sleep duration, subjective sleep assessment,
bedtime, and insomnia symptoms of these students over the past one month were studied to investigate sleep
status. The factor analyses yielded two factors: depression/anxiety and loss of positive emotion. Sleep
duration of less than 7 h was found to be associated with both depression/anxiety and loss of positive
emotion, whereas sleep duration of 8 h or more was associated only with loss of positive emotion. Subjective
sleep assessment and insomnia symptoms were associated with both depression/anxiety and loss of positive
emotion, It was demonstrated that two underlying factors of mental health status were associated with
differences in sleep status. In order to improve the mental health status of adolescents, it is important to
provide guidance about sleep and lifestyle habits according to the mental health status of the individual.

© 2010 Elsevier Ireland Ltd. All rights reserved.

Keywords:

Epidemiology

General Health Questionnaire (GHQ-12)
Sleep duration

Subjective sleep assessment

Factor analysis

1. Introduction and mental health status and a U-shaped association between sleep

duration and menta! health status, i.e., poor mental health status

Epidemiological studies conducted worldwide have shown that
the mental health status of adolescents is strongly associated with
habitual sleep patterns and insomnia symptoms (Marks and Monroe,
1976; Morrison et al.,, 1992; Gau and Soong, 1995; Manni et al., 1997,
Liu and Zhou, 2002; Bailly et al., 2004; Kaneita et al., 2006, 2007).

We have previously studied the association between sleep
problems and mental heaith status in 100,000 Japanese adolescents
by using the 12-item General Health Questionnaire (GHQ-12). We
observed a linear association between subjective sleep assessment

* Corresponding author. Division of Public Health, Department of Social Medicine.
Nihon University School of Medicine, 30-1 Ohyaguchi-kamimachi Itabashi-ku, Tokyo
173-8610, Japan. Tel.; +81 3 3972 8111x2272; fax: + 81 3 3972 5878,

E-mail address: kaneita@med.nihon-u.acjp (Y. Kaneita},

0165-1781/§ - see front matter © 2010 Elsevier Ireland Ltd. All rights reserved.
doi:10.1016/j.psychres.2010.10.025

was associated with both short and long sleep durations (Kaneita
et al, 2007).

The GHQ-12, which was used in our previous study, is an
instrument that was developed for screening mental health problems.
It employs only 12 questions, and can easily evaluate mental heaith
status. Furthermore, as it is also known for its high reliability and
validity, the GHQ-12 is now used worldwide (Goldberg et al., 1976;
Iwata et al., 1988; Politi et al., 1994; Kilic et al.,, 1997; Graetz, 1991;
Werneke et al., 2000; Doi and Minowa, 2003; French and Tait, 2004;
Hu et al., 2007).

Previous factor analyses of the GHQ-12 have suggested that it is
influenced by several latent factors of mental heaith status (Campbell
et al, 2003; Doi and Minowa, 2003; Hu et al, 2007). Recent
nationwide representative surveys conducted in Japan and the UK

Please cite this article as: Suzuki, H., et al., Clarification of the factor structure of the 12-item General Health Questionnaire among Japanese
adolescents and associated sleep status, Psychiatry Research {2010), doi:10.1016/j.psychres.2010.10.025
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involving factor analysis of the GHQ-12 yielded a two-factor solution:
one was depression/anxiety such as depression and stress and the
other was a loss of positive emotion, such as not played a useful part
and not enjoyed normal activities (Doi and Minowa, 2003; Hu et al.,
2007).

However, to date, no study has analyzed the factor structure of the
GHQ-12 by conducting a survey on a representative, large-sized
sample of adolescents. Therefore, the sleep status and lifestyle
associated with each factor have not been clarified. Such information
could be important for understanding the factor structure of mental
health measures for adolescents, who are in a developmental phase of
life, and the factors that affect these measures. This study has the
following three major objectives: (1) To clarify whether or not the
factor structure of the GHQ-12 which was obtained from about
100,000 highly representative samples (high school and junior high
school students) has the two-factor structure noted in the previous
study (2) To clarify the associated sleep characteristics and lifestyle
habits when multiple factors are obtained (3) To extract some of the
factor items obtained and to clarify whether mental health perfor-
mance can be evaluated by using a smaller number of items.

We consider that, by clarifying the above, we can create a more
specific guidance on sleep/lifestyle habits against signs of deterioration
in particular mental health performance, and can correctly understand
the mental health performance by using a smaller number of questions
on a questionnaire.

2. Methads
2.1. Subjects and sampling

We have previously conducted two cross-sectional nationwide surveys (in 1996
and 2000) on lifestyle habits such as alcohol drinking, smoking, eating, and sleeping
among Japanese adolescents (Suzuki et al,, 2000; Ohida et al., 2004; Osaki et al., 2006).

For the present study, of the 11,060 junior high schools and 4627 senior high
schools registered in Japan in May 2003, 131 junior high schools (selection rate: 1.2%)
and 108 senior high schools (selection rate: 1.9%) were sampled. A single-stage cluster
sampling method was employed with the probability of sampling propertional to the
number of current students, All the students enrolled in the sampled schools were the
subjects of this study. The sample size was determined by referring to the response
rates and confidence intervals based on variance of results, which were obtained from
the two previous studies.

In the Japanese education system, children enter primary schoof at the age of
6 years and leave after 6 years of study. They then enter junior high school for 3 years of
study, followed by a further 3 years of study at senior high school. Primary and junior
high school education is compulsory. In this report, the first to the third years of junior
high school are called the 7th to Sth grades, and the first to third years of senior high
school are called the 10th to 12th grades.

2.2. Survey procedure

We sent a letter to the principal of each selected school asking for cooperation in
our survey, along with the same number of questionnaires and envelopes as the
number of students enrolled at the school. At each school that agreed to participate in
our survey, each class teacher distributed the questionnaires among the students. To
protect the privacy of respondents and to obtain as candid a response as possible from
each, it was clearly stated on the questionnaire that completed questionnaires would
not be seen by the teachers. After filling in the anonymous questionnaire, each student
was asked to seal the questionnaire in the provided envelope with an adhesive flap.
Delivery and collection of the questionnaire were entrusted to the teachers, who were
instructed to follow the guidelines for conducting the survey. The teachers collected
and sent the sealed envelopes back to the National Institute of Public Health without
opening them. The survey period was from December 2004 to the end of January 2005.
This survey was approved by the Ethics Committee of the National Institute of Public
Health.

2.3. Measures

The major areas that were included in the questionnaire were (1) lifestyle,
including drinking and smoking behavior, (2) sleep status, (3) mental health status,
and (4) personal data,

The questions related to lifestyle were whether the student ate breakfast (daily/
occasionally/never) and whether he/she participated in extracurricular activities
(participating actively/participating but not actively/not participating). The question,
"How many days did you smoke in the past one month?” was included in the
questionnaire. If the response to this question was *One day or more,” then the student

was defined as “smoking.” Similarly, the question, “How many days did you consume
alcoholic beverages in the past one month?” was asked, and if the response was “One
day or more,” then the student was defined as “drinking alcohol.” In Japan, ne smoking
or alcohol use is allowed for people under 20 years old. Therefore, the smoking and
drinking rates among high school and junior high school students are very low. In our
previous study using the same data, regarding the number of days on which they
consumed alcohol during the 30 days prior to the questionnaire, 70.3% responded
“0 days,” while 16.5% responded “1 to 2 days," 8.4% responded “3 to 5days,” 1.8%
responded "6 to 9days,” 2.1% responded “10 to 19 days,” 0.5% responded “20 to
29 days,” and 0.3% responded “everyday.” As for smoking, 90.6% responded "0 days.”
while 1.7% responded “1 to 2 days,” 1.1% responded *3 to 5 days,” 0.5% responded “6 to
9 days,” 0.9% responded “10 to 19 days,” 1.1% responded “20 to 29 days,” and 4.1%
responded “everyday” (Kaneita et al., 2007). From these results, as for drinking/
smoking, rather than dividing and analyzing the smoking/drinking rates of one day or
more during ane menth into smaller categories, we considered it more appropriate
to define a frequency of one day or more as “having smoking/drinking behavior™ and a
frequency of zero days as “not having such behavior™,

Sleep status was addressed by the following questions about (a} sleep duration,
(b) subjective sleep assessment, (<) time of going to bed, (d) difficulty initiating sleep,
(e) difficulty maintaining sleep, and (f) early morning awakening experience during
the previous month were embedded in the questionnaire: the choices are indicated in
parentheses,

a) How many hours on average do you sleep at night? (Less than 5 h/5 h or more but
less than 6 h/6 h or more but less than 7 h/7 h or more but less than 8 h/8 h or more
but less than 9 h/9 h or more).

b) How do you assess the quality of your sleep? (Very good/good/bad/very bad).

¢) What time is your bedtime on average? (Before 10 p.m./10 p.m. or after but before
11 p.m./11 p.m. or after but before midnight/midnight or after but before 1 am./
1 am. or after but before 2 a.m./2 am, or after).

d) Do you have difficulty falling asleep at night? (Never/seldom/sometimes/often/
always).

e) Do you wake up during the night after you have gone to sleep? (Never/seldom/
sometimes/often/always).

f) Do you wake up too early in the morning and have difficulty getting back to sleep?
{Never/seldom/sometimes/often/always).

The Japanese version of the 12-item General Health Questionnaire (GHQ-12) was
used to evaluate mental health status (Goldberg et al., 1976; Doi and Minowa, 2003).
The GHQ-12 is a widely used, self-administered questionnaire that was originally
designed a5 a screening tool for mental illness. It assesses 12 symptoms of psychiatric
disorders that have been experienced during the previous month. Every item on the
GHQ-12 describes a symptom and has four possible responses; the two answers that
indicate the absence of the symptom are given a score of §, and the two that indicate
the presence of the symptom receive a score of 1, The overall score on the scale will thus
fall into a range of 0 to 12, and it follows that the higher the total score, the poorer the
state of mental health. The GHQ-12 score was originally applied to adult populations
and then subsequently used and validated for adolescents as well {Radovanovit et al.,
1983; D'Arcy and Siddique; 1984; Arakida et al., 2003). )

The demographic variables derived from personal data were gendet, grade, type of
school (junior high school/senior high school), and intention to study at university
(yes/no).

2.4, Statistical analyses

To describe the distribution of GHQ-12 scores among the subjects, means, medians
and modes were calculated by gender and grade. Gender differences in the scores were
examined by Mann-Whitney U-test. Kruskal-Wallis test was used to examine grade
differences in the scores, It has already been confirmed by our previous study that the
GHQ-12 data used in this study has good internal consistency. Cronbach o for the
whole sample was 0.833 (0.837 for males, 0.822 for females; Kaneita et al,, 2007). As a
usual rule of thumb, a value >0.2 was the correlated coefficient of an item with the
item-deleted total score regarding homogeneity of the scale (Nunally and Bernstein,
1994; Doi and Minowa, 2003).

The principal factor method was employed to examine the factor structure of the
scale. The unrotated solution was determined, following by an oblique promax rotation
as a correlated solution te optimize the properties of the sample data, The number of
factors retained and rotated was determined on the basis of an eigenvalue of >1.00, A
value of 0.3 was determined to be the minimum value for a salient factor; a criterion of
20.5 was regarded as better. We then cenducted confirmatory factor analysis (CFA)
using the maximum likelihood estimation method. We used the goodness-of-fit index
(GF1), the adjusted GFi {AGF1), the root-mean-square error of approximation (RMSEA)
values, and the expected cross-validation index (ECVI) to compare models. It was
confirmed that the model with the highest GFI and AGFI values and the lowest RMSEA
and ECVI values is the most desirable. CFAs were performed using AMOS version 5 for
Windows (SPSS, Inc., Chicago, Jll.) with the maximum likelihcod method.

We calculated subscale scores by summing the scores for items that constituted
each extracted factor. We then compared the score distributions between boys and
girls. The significance of categorical data was analyzed using the ¥ test. Similarly, the
associations between subscale scores and sleep status were examined.
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Logistic regression analyses were conducted to investigate factors associated with
the subscales of the factor structures obtained. The cutoff point of the GHQ-12 scores
was set to 4; this is one-third of the full score (12) (Arakida et al., 2003; Fuchino et al.,
2003; Shimbo et al, 2005; Kaneita et al. 2007). The mental health status of an
individual with four points or greater was defined as poor. Hence, we set the cutoff
point of the subscale scores of the factors extracted by factor analysis to one-third of
the full score. These subscale scores were then used as a response variable. Gender,
grade, subjective sleep assessment, sleep duration, bedtime, difficulty initiating sleep,
difficulty maintaining sleep, early morning awakening, eating breakfast, drinking more
than once a month, smoking more than once a month, participating in extracurricular
activities, and intention of studying at university were used as covariates in these
analyses. Adjusted odds ratios (AORs) and 95% confidence intervals were calculated
from both the univariate analysis and the multivariate logistic analysis. For all analyses,
p<0.05 was considered to indicate statistical significance,

The GHQ-12 contains t item on sleep. Therefore, when an association between
mental health and sleep status is analyzed using a GHQ-12 subscale, a stronger
association than the actual one may resuit. To adjust for this possibility, we excluded
the sleep item from the subscale, and calculated the subscale score. Then the statistical
analyses mentioned earlier were performed again.

We examined whether it was possible to evaluate mental health status using the
GHQ-12 by reducing the number of questions in this questionnaire, For this purpose,
we extracted the items with high factor loadings from each factor in the GHQ-12
and calculated the total scores, We then examined the extent to which these scores
were able to predict poor mental health status, defined by GHQ-12 scores of 4 points
or greater, by evaluating their specificity and sensitivity. We calculated the total scores
of the items extracted from the extracted factors and applied the various cutoff
definitions.

All analyses except for CFA were performed using SPSS version 11.5 for Windows
(SPSS, Inc,, Chicago, IlL.).

3. Results

Replies were obtained from 92 of the 131 junior high schools
(school response rate = 70.2%) and 87 of the 109 senior high schools
(school response rate=79.8%; combined junior and senior high
school response rate =74.6%). A total of 103,650 envelopes were
collected. The student response rate as a proportion of students
enrolled at the sampled schools was 88.4% for the junior high schools,
86.3% for the senior high schools, and 87.1% as a whole. Accordingly,
the overall response rate was 60.7% for the junior high schools, 67.7%
for the senior high schools, and 64.8% as a whole. Of the collected
questionnaires, 3982 were excluded because the gender or grade was
not specified or the answers for the GHQ-12 were incomplete. The
data for the remaining 99,668 questionnaires were analyzed.

The corrected item-total correlation coefficients for the 12 items
were all greater than 0.2, which indicated that all the items had
sirnilar tendencies.

Factor analysis with promax rotation yielded two factors for both
boys and girls (Table 1), For the boys, the eigenvalues for the 1st and
2nd factors were 4.20 and 1.32, respectively. For girls, the eigenvalues
for the 1st and 2nd factors were 4,01 and 1.35, respectively. The first

Table 1
Promax rotated factor structures on the GHQ-12.

Boys (n = 54,355) Girls (n=45,313)

GHQ-12 item Factor 1 Factor 2 Factor 1 Factor 2
9. Depressed 083 -0.08 034 —-0.09
10. Lose confidence 0.78 —-0.08 077 —0.08
6. Hardly overcome difficulties 0.61 0.07 0.61 007
5. Constantly under strain 0.58 0.06 0.68 003
11. Think yourself worthless 0.51 0.11 051 0.10
2. Lose sleep over worry 045 0.06 042 012
3. (Not) play a useful part ~0.07 0.63 ~0,07 0.61
8. (Not) face up to problems 0.05 0.59 0.07 055
7. (Not) enjoy activities 0.10 0.58 0.07 059
4. (Not) make decisions 0.08 049 0.08 046
1. (Not) concentrate 0.05 039 0.07 036
12. (Not) feel reasonably happy  —0.04 0.39 —-0.06 042
Correlation between factors 0.63 0.60

Factor 1, depression/anxiety: factor 2, loss of positive emotion. Bold values >0.30 in
factor loadings.
Abbreviation: GHQ-12, 12-itern General Health Questionnaire.

Table 2
Measures of fit from confirmatory factor analysis (CFA).
Sample GFi AGFl RMSEA ECV1
Model I (one factor) Boys 0916 0.879 0.089 0.433
Girls 0.917 0.881 0.089 0431
Model 1i (Two factor)* Boys 0.975 0964 0052 0.146
Girls 0974 0.962 0,054 0.156
Model 1l (Two factor)® Boys 0936 0.907 0.092 0.455
Girls 0938 0911 0.089 0.432

Abbreviation: GIF, goodness-of-fit index; AGF1, Adjusted GH; RMSEA, root-mean-square
error of approximation; and ECV1, expected cross-validation index
Boys: 54,355 boys, girls: 45,313 girls,

2 Model Ii: two factors with free covariance between factors.

b Meodel HI: two factors with zero covariance between factors.

two unrotated factors explained 35.0%4 and 11.0% of the variance in
GHQ-12 score in boys and 34.0% and 11.3% in girls.

The 1st factor was designated as depression/anxiety and included
the following six items: feel depressed, lose confidence, hardly
overcome difficulties, constantly under strain, think yourself worth-
less, and lose sleep over worry. The 2nd factor was termed loss of
positive emotion, and it also included six items: (not) play a useful
part, (not) enjoy activities, (not) face up to problems, (not) make
decisions, (not) concentrate, and (not) feel reasonably happy. The
factor structures for boys and girls were extremely similar.

The total scores of the six items for each of depression/anxiety
and loss of positive emotion factors {score range for each factor: 0-6
points) were calculated as subscale scores. Chronbach's alpha
coefficient for the depression/anxiety factor was 0.812 (boys: 0.808,
girls: 0.806) and that for the loss of positive emotion factor was 0.675
(boys: 0.681, girls: 0.669).

Table 2 shows measures of fit for CFA models. As Model I, we set
the one-factor structure by treating the GHQ-12 as unidimensional.
As Model II, we set the two-factor structure with free covariance
between factors. As Model IIf, we set the two-factor structure with
zero covariance between factors. When compared to the other two
models, Model Il has higher GFl and AGF! values and lower RMSEA
and ECVI values, thus indicating that the two-factor structure with
covariance between factors is the most desirable factor structure for
the GHQ-12. The standardized estimate scores of model Il are shown
in Table 3.

The mean values (meand4standard deviation (S.D.)} for the
depression/anxiety scores were 2.02 + 1,99 for boys and 2.67 4+ 2.07
for girls. The mean values (mean+S.D.) for the loss of positive
emotion scores were 1.21 + 1.45 for boys and 1.24+ 1.47 for girls.
The results of the Mann-Whitney U-test of differences between boys

Table 3
Standardized estimate scores of model Il (two factors with free covariance between
factors).

Boys (= 54,355) Girls (n=45313)

GHQ-12 item Factor 1 Factor2  Factor 1 Factor 2
9, Depressed 0.77 0.77

10. Lose confidence 073 071

6. Hardly overcome difficulties 0.65 0.65

5. Constantly under strain 0.62 0.63

11. Think yourself worthtess 0.60 0.58

2. Lose sleep over worry 049 0.50

3. (Not) play a useful part 0.54 053
8. {Not) face up to problems 0.64 061
7. {Not} enjoy activities 0.67 064
4. {Not) make decisions 0.54 0.52
1. (Not) concentrate 043 o4
12. (Not) feel reasonably happy 0.36 037
Correlation between factor 0.67 0.65

Factor 1, depression/anxiety; factor 2, loss of positive emotion,
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Fig. 1. Relationship between subjective assessment and factor scores by gender and school grade.
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and girls with regard to the mean values of both the depression/
anxiety and loss of positive emotion factor scores (depression/
anxiety: U=1,007,494,912, p<0.01; loss of positive emotion:
U=1,217,609,088, p<0.01) were significant. The calculation of the
effect size indicated that “depression/anxiety” has a smali effect size
(r=0.17, 0.10<, >0.30) and “loss of positive emotion” has non-
substantial effect size (r=0.011; <0.10). We defined the subscale
scores of 2 or greater for each factor as “depression/anxiety” and “loss
of positive emotion” and then calculated the distributions of these
scores. High “depression/anxiety” was observed among 55.6% of the
students (boys: 49.1%, girls: 63.3%) and “loss of positive emotion” was
observed among 31.2% of the students (boys: 30.5%, girls: 32.0%). The
results of the y? test indicated that a greater proportion of girls than
boys showed “depression/anxiety” and “loss of positive emotion”
(depression/anxiety: y? = 2004.60, d.f. =1, p<0.001; loss of positive
emotion: y*>=23.36, df.=1, p<0.001). The effect size of gender
differences was found to be small (@=0.142) with regard to
“depression/anxiety” and substantially none (¢ = 0.015) with regard
to “loss of positive emotion”.

The association of depression/anxiety and loss of positive emotion
with subjective sleep assessment by school grade and gender is
shown in Fig. 1. In both boys and girls of all school grades, the scores
for depression/anxiety and loss of positive emotion increased with the
worsening of the subjective sleep assessment scores.

Figures indicating the association of depression/anxiety and loss of
positive emotion with sleep duration by school grade and gender are
shown in Fig. 2.

In both boys and girls of all school grades, depression/anxiety
scores increased with a decrease in sleep duration. Although
depression/anxiety scores gradually decreased with an increase in
sleep duration, for sleep durations of 7 h or more barely any difference
was observed between the depression/anxiety scores. Unlike the
scores for the depression/anxiety factor, the loss of positive emotion
scores increased substantially when sleep duration was 8 h or more.
In both boys and girls of all school grades, a clear U-shaped association
was observed between loss of positive emotion and sleep duration.

The results of the logistic regression analysis demonstrated that the
variables that showed significant associations with both depression/
anxiety and loss of positive emotion were gender, school grade,
subjective sleep assessment, sleep duration, difficulty in initiating
sleep, difficulty in maintaining sleep, early morning awakening, and
smoking {Table 4). The association of depression/anxiety and loss of
positive emotion with sleep duration demonstrated different patterns.
The adjusted odds ratio for the association of depression/anxiety with
short sleep duration was high, whereas that for the association of loss
of positive emotion with both short and long sleep duration was high.
Some factors were associated with either depression/anxiety or loss
of positive emotion. Bedtime, alcohol consumption, and a desire to
pursue university education were associated only with depression/
anxiety. In contrast, skipping breakfast and lack of participation in
club activities were associated only with loss of positive emotion. After
eliminating one item regarding insomnia from the six items pertaining
to depression/anxiety, a similar analysis was conducted for the
remaining five items. Results similar to those mentioned above were
obtained for the association between depression/anxiety and sleep.

We selected three items whose factor loadings were high: two
items (feeling depressed and lose confidence) from the depression/
anxiety factor and one item (not play a useful part) from the loss of
positive emotion factor, and termed these three items the GHQ-3.
Subsequently, we selected one item (feel depressed) from the
depression/anxiety factor and another item (not play a useful part}
from the loss of positive emotion factor, and termed these two items
the GHQ-2, Table 5 indicates how precisely the total scores of the items
extracted from the two factors can predict the total score which is four
points or more of the GHQ-12. When the cutoff point is one point for
the GHQ-2, both the specificity and the sensitivity are 80% or more.

4. Discussion

The features of this study were as follows: (1) data obtained from a
nationwide survey were employed, (2) the sample size was large
(about 100,000), (3) mental health status was assessed using the
GHQ-12, whose validity has already been established, (4) the factor
structure of the GHQ-12 was examined, and (5) specific associations
between the factors extracted in this study and sleep/lifestyle were
clarified. To our knowledge, no analogous studies have been reported
previously.

Previous factor analysis studies of translated versions of the GHQ-
12 yielded Two factors. Werneke et al. (2000) reviewed previous
factor analysis studies of the GHQ-12 conducted worldwide and
indicated that 10 of 15 studies had yielded a two-factor solution. Hu et
al. (2007) administered the GHQ-12 to a representative sample
population in the UK, conducted factor analyses, and demonstrated
that two factors were extractable, as was the case in our study. Doi and
Minowa (2003) analyzed the data obtained from a representative
Japanese adult population and demonstrated a two-factor solution: a
group of items expressing depression/anxiety and a group of items
expressed by positive sentences. However, they reported that a 3rd
factor consisting of two items (not feel reasonably happy and not
play a useful part) was evident in men. This result differed from ours
in that two factors were obtained for both boys and girls. This
difference in the results may be attributable to the differences in the
age groups {adults and adolescents) of the subjects investigated in
the two studies.

Several previous GHQ-12 factor analysis studies of adolescents
have been carried out in which two or three factors were extracted
(Graetz, 1991; Politi et al., 1994; Lopez-Castedo and Fernandez, 2005).
However, unlike our study, none of these studies used representative,
large-scale samples. Based on our present results for adolescents and
the results of the study on the general Japanese adult population, it
may be considered that regardless of the age group (adolescents or
adults) evaluated, at least two different latent factors (depression/
anxiety and loss of positive emotion) are included in evaluation of
mental health status using the GHQ-12. Good mental health is defined
not only by an absence of depression/anxiety, but also by good
physical health, cognitive health, and human retationships. It is thus
important to consider the above-mentioned two facets of mental
health when evaluating an individual's mental health status (Danner
et al,, 2001; Huppert and Whittington, 2003; Keyes, 2005; Hu et al.,
2007). Use of the Diagnostic and Statistical Manual of Mental
Disorders (DSM-IV) for diagnosis of mental disorders has indicated
that “depressive mood” and “loss of interest or pleasure” are principal
features of a major depressive episode (American Psychiatric
Association, 2000). The manual stipulates that either of these two
symptoms needs be exhibited for diagnosis of a major depressive
episode. The fact that our factor analysis of the GHQ-12 yielded a two-
factor solution (depression/anxiety and loss of positive emotion)
indicates that mental health status determined by the GHQ-12 is
analogous to the symptoms of major depressive episode diagnosed by
the DSM-IV. The results of the present study suggest that measure-
ment of both depression/anxiety and loss of positive emotion may be
effective in medical interviews for evaluating an individual's mental
heaith status or for examination of the effects of treatment.

Previous studies have indicated that the deterioration of an
individual's mental health status is caused by depression/anxiety
and loss of positive emotion (Danner et al., 2001; Huppert and
Whittington, 2003; Keyes, 2005; Hu et al., 2007; American Psychiatric
Association, 2000). However, no epidemiological study has investi-
gated the sleep and lifestyle habits associated with these two factors.
Hence, the present study yielded important findings for understanding
the mental health status of adolescents. We found that worsening
of subjective sleep sufficiency and a sleep duration of less than 7 h
were associated with depression/anxiety and loss of positive emotion,
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Table 4

Logistic regression result: variables predicting depression/anxiety and loss of positive emotion in a sample of Japanese adolescents (N =99,668).

Depression/anxiety Loss of positive emetion

Variable N AOR 95% Q1 p value AOR 95% C1 p value
Gender

Male 54,355 1.00 1.00

Female 45,313 1.86 181t01.92 <0.01 1.08 1.05t00.11 <0.01
Grade

7 12,670 1.00 1.00

8 12,654 1.02 097 to 1.08 0.38 1.10 1.04 to 1,17 <0.01

9 12,766 1.24 1,17 to 131 <D.01 1.10 1.04 to 1,18 <0.01

10 21,282 136 1.29 to 1.44 <0.01 123 1.16 to 1.31 <0.01

11 21,034 1.45 137 to 1.53 <0.01 117 1.11t0 1.25 <0.01

12 19,262 1.53 144 to 1.62 <0.01 1.18 1.11te 1.26 <0.01
Subjective sleep assessment

Very good 14,867 1.00 1.00

Good 44,277 1.40 1.34 to 1.46 <0.01 123 1.17t0 129 <0.01

Bad 32923 255 244 10 2.68 <0.01 228 2.16 to 2.40 <001

Very bad 5596 3.68 3,38 to 4.00 <0.01 382 3.52t04.13 <0.01
Sleep duration, h

<5 14,757 1.24 1.16 to 1.32 <0.01 1.19 1120 1.27 <0.01

25, <6 17,563 1.22 116 to 1.29 <0.01 1.07 1.01to 1.14 0.02

26, <7 40,030 113 1.08 to 1.18 <0.01 1.09 1.04 to 1.14 <0.01

27,<8 15,151 1.00 1.00

28, <9 7416 0.99 0.93 to 1.05 0.78 1.08 1.01to0 1.16 0.03

29 3002 1.08 098 to 1.18 0.11 1.52 1.38 to 1.67 <0.01
Bedtime

Before 10 p.m, 4332 1.00 1.00

10 p.m.-11 p.m. 12,044 1.04 096 to 1.12 039 094 0.86 t0 1.03 0.20

11 p.m.-midnight 34,925 1.01 0.54 to 1.10 0.72 0.95 0.88 to 1.04 0.28

Midnight-1 am. 23,870 1.02 09410 1.11 0.58 0.95 0.87 to 1.04 0.23

1am.-2am. 14,345 1.00 0.92 to 1.09 0,98 094 0.85 to 1.03 0.17

After 2 a.m, 8490 0.90 082 t0 099 0.03 094 0.85 to 1.04 0.24
Difficulty initiating sleep

Never/seldom/sometimes 83,296 1.00 1.00

Often/always 14,802 1.81 17310 1.89 <0.01 1.60 1.54 to 1.67 <0.01
Difficulty maintaining sleep

Never/seldom/sometimes 86914 1.00 1.00

Often/always 11,258 1.58 1.50 to 1.66 <0.01 1.44 1.37 to 1.50 <0.01
Early morning awakening

Never/seldom/sometimes 94,136 1.00 1.00

Often/always 5467 1.68 1.56 to 1.81 <0.01 1.55 1.46 to 1.66 <0.01
Eating breakfast

Daily 76,860 1.00 1.00

Occasionally 10,219 1.03 059 to 1.08 017 1.10 1.05 to 1.15 <0.01

Never 6822 1.01 0.95 to 1.07 0.80 1.25 1.18 to 1.32 <0.01
Drinking more than once a month

No 69,775 1.00 1.00

Yes 29,412 110 1.07 w0 1.14 <0.01 0.97 0.94 to 1.00 0.06
Smoking more than once a month .

No 89,301 1.00 1.00

Yes 9276 1.13 1.07 10 1.19 1.1 1,05 to 1.17
Participating in extracurricular activities

No 32,204 1.00 1.00

Yes 65,440 1.03 099 to 1.06 0.11 077 0.75 to 0.80 <0.01
Intention of studying at university

No 57,536 1.00 1.00

Yes 40,389 1.14 110t0 1.18 <0.01 099 0.95t01.02 0.50

In each section, the missing data have been excluded from the statistical analyses.
Depression/anxiety has been defined as a negative emotion score 22.

Loss of positive emation has been defined as a loss of positive emotion score 22.
All the items included in this table were input as covariates in the logistics model.
Abbreviation: AOR = adjusted odds ratio.

but that a sleep duration of 8 h or more was associated only with the
loss of positive emotion. In our previous study, we demonstrated a U-
shaped association between mental health status and sleep duration
(Kaneita et al., 2006, 2007). However, in the present study, it was
clarified that the U-shaped association was evident only between sleep
duration and loss of positive emotion, and was not evident between
sleep duration and depression/anxiety. This result suggests that a long
sleep duration may suppress feelings of happiness and impair mental
function, thus inducing poor mental health. it has been reported
that subjects who were experimentally subjected to a pattern of long
sleep duration complained of sleepiness, lethargy, and feeling worn

out (Globus, 1969, 1970; Hartmann et al., 1971). This suggests that
fong sleep duration may have deleterious effects on mental health. On
the other hand, there may also be an opposite causal relationship,
i.e., loss of positive emotion may result in earlier bedtime or late
waking up time, leading to longer sleep duration. Furthermore, a third
factor such as disease or physical impairment may affect both loss of
positive emotion and an increase of sleep duration. Thus, further
examinations are required in order to clarify the causal relationships
between long sleep duration and loss of positive emotion.

In this study, some factors such as smoking and symptoms of
insomnia were associated with both depression/anxiety and loss of
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Table 5
Specificity and sensitivity of selected items from GHQ-12 for predicting poor mental
health defined as a GHQ-12 score of 4 points or greater.

Index Cutoff Sample Specificity Sensitivity
GHQ-3 1point(0/1) All 767 939
Boys 80.6 922
Girls 710 95.6
2 point(1/2) Al §95.2 745
Boys 96.5 700
Girls 933 787
GHQ-2 1 point(0/1) All 87.0 85.1
Boys 899 81.5
Girls 827 884
2 point(1/2) All 959 260
Boys 999 264
Girls 9938 256

GHQ-3: 2 jtems (feeling depressed and lose confidence) from the depression/anxiety
factor and 1 item (not play a useful part) from the loss of positive emotion factor.
GHQ-2:1 items (feeling depressed) from the depression/anxiety factor and 1 item
(not play a useful part) from the loss of positive emotion factor.

All; 54,355 boys and 45,313 girls,

positive emotion. Interestingly, however, some differences were
observed in the associations between these two factors and lifestyle
habits. For example, the odds ratios with regard to loss of positive
emotion for skipping breakfast and for lack of participation in club
activities were significantly high; however, these two factors did not
show significant associations with depression/anxiety. Moreover,
previous studies reported that alcohol consumption was a factor
affecting the mental health of adolescents (Hallfors et al., 2004; Saluja
et al., 2004; Verdurmen et al., 2005). However, alcohol drinking was
not significantly associated with loss of positive emotion although
it did increase the odds ratio for depression/anxiety significantly.
Furthermore, a desire to pursue a university education was associated
only with depression/anxiety and not with a loss of positive emotion.
As for the reason why some of lifestyle habits can be associated
only with “depression/anxiety” or only with “loss of positive
emotion”, the causal relationship cannot be explained based on the
results of this cross-sectional survey. As a possible assumption for
this, the occurrence of the negative life events such as illegal alcohol
consumption and severe competition in entrance examinations may
contribute to depression/anxiety, while the positive life events such
as skipping breakfast and lack of participation in club activities may be
associated with loss of positive emotion.

The above-mentioned lifestyle factors associated with poor mental
health differ according to the two types of mental health status. This
finding is important from the viewpoint of health guidance provided
by schools. For those students who complain of a loss of positive
emotion, encouraging them to participate in a club activity may be
effective. It has been reported that participation in ciub activities
is associated with improvement of self-efficacy and well-being
(Sonstroem, 1984; Kirkcaldy et al., 2002). The longitudinal study
has also indicated that the amount of exercise during the ages of 15
and 16 can predict the mental health performance at the ages of 18
and 19 (Sagatun et al., 2007). It is important that future school health
policies should be formulated on the basis of the present results.

A simplified version of the GHQ-12 can be created by clarifying the
factor structure of this questionnaire. By extracting items from the
depression/anxiety and loss of positive emotion factors, a simplified
version of the GHQ-12 can be created. With this questionnaire, the
mental health status of individuals reflecting the effects of the two
factors can be evaluated in a shorter period of time. This questionnaire
can serve as a very effective screening instrument in epidemiological
surveys and healthcare settings. In this study, we predicted the mental
health status of subjects whose GHQ-12 scores were 4 points or greater,
using the GHQ-2 scores. The GHQ-2 scores were calculated by summing
the scores of the two items that had been extracted from each from the

two factors. The cutoff point for the GHQ-2 was defined as 1 point. The
specificity and sensitivity of this questionnaire were sufficiently high
at 87.0% and 85.1%, respectively. From this result, it is inferred that
the total score for the two items, one extracted respectively from
depression/anxiety and loss of positive emotion, can be a useful index
for the evaluation of mental health status, This study demonstrated
that analysis of subjects with regard to only two items of the GHQ-2
{whether the subject was more depressed than usual and enjoyed
activities) was sufficient for prediction of mental health status. In the
event of space constraints in the GHQ-12 questionnaire or time
limitations when implementing this questionnaire, we believe that
using these two questions in preference to the GHQ-12 items should be
effective in evaluating the mental health status.

There were some limitations to this study. First, since this was a
cross-sectional survey, a causal relationship could not be determined.
When examining a causal relationship, a longitudinal study such as a
cohort study is required, and such a study will be required in the
future. Second, physiological measurements such as electroencepha-
lography could not be employed to obtain the objective data for the
evaluation of sleep status. However, such measurements, although
desirable, are not normally included in epidemiological studies
because of the very large number of subjects involved. Furthermore,
several reports have stated that self-reported data on sleep status are
consistent with physiological data to a certain degree (Frankel et al.,
1976; Hoch et al., 1987). Third, the items included in our question-
naire did not incorporate all the factors that are considered to affect
sleep. For example, noise levels at night, the person/s with whom a
subject sleeps, and commuting time to school are all possible factors
that could affect a subject's sleep. However, we were unable to include
them in the questionnaire because of space limitations, and these
items will need to be examined in the future. Fourth, there may have
been a non-response bias, The rate of response to the questionnaire in
this study was 64.8%,; therefore, approximately 35% of the subjects did
not participate in the survey. In Japan, people below 20 years of age
are prohibited by law from smoking and drinking alcohol. Therefore,
schools and individual students tend to be non-cooperative in
responding to any survey that includes questions on smoking and
drinking alcohol. This reluctance may be the main reason for the high
tevel of non-responsiveness. However, there is a possibility that
students with poorer mental health did not participate in this survey.
Fifth, we defined “smoking one day or more” as “smoking” and
“consuming an alcoholic beverage one day or more” as “drinking
alcohol” similarly, Smoking one cigarette or having one alcoholic
drink per month itself has little pharmacological effect or lifestyle
significance. Therefore, it can be interpreted that indulging in these
habits with the knowledge that they are illegal may have deleterious
effects on mental health. Sixth, a question on excessive daytime
sleepiness (EDS) was not included in the questionnaire used. It is
known that chronic sleep insufficiency may induce EDS or mood and
behavior problems among adolescents {Carskadon, 1990, 2004 ). The
association between short sleep duration and poor mental health
recognized in the present study may be expiained by EDS. In future
studies, associations between sleep habits and mental heaith
status among adolescents should be examined by taking EDS into
consideration. Seventh, an analysis that took into consideration the
hierarchical structure of the dataset was not conducted in this study.
If a multilevel analysis had been performed, which covered the
characteristics of the households, schools, and regions to which the
students belonged, the effects of not only the students' individual
characteristics but also those of the demographic/socioeconomic
structure on the mental health performance could have been clarified.
Unfortunately, we did not have data on the hierarchical structure.
In our future studies, we need to collect data on these points and to
also discuss the effects of the hierarchical structure.

In this study, factor analysis of the GHQ-12 was performed using
the data obtained from a questionnaire survey conducted on a

Please cite this article as: Suzuki, H., et al., Clarification of the factor structure of the 12-item General Health Questionnaire among Japanese
adolescents and associated sleep status, Psychiatry Research (2010), doi:10.1016/j.psychres.2010.10.025

—136 —



H. Suzuki et al. / Psychiatry Research xxx {2010) xxx-xxx 9

representative sample population of approximately 100,000 Japanese
adolescents. The survey yielded a two-factor solution: depression/
anxiety and loss of positive emotion. It was indicated that poor
subjective sleep assessment and short sleep duration influenced both
depression/anxiety and loss of positive emotion. In contrast, long
sleep duration was cbserved to be associated only with loss of positive
emotion. Some lifestyle habits such as smoking were associated with
both depression/anxiety and loss of positive emotion. Other lifestyle
habits such as alcohol consumption and participation in club activities
were associated with either of the two factors. Therefore, while
providing health guidance to adolescents, it is necessary to observe
them from the viewpoint of the two latent factors (depression/anxiety
and loss of positive emotion). This would provide a rational basis
for guidance about sleep and lifestyle habits according to the mental
health status of the individual.
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