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Abstract

Purpose: Exposure to maternal depression in toddler and preschool periods is
a risk factor for childhood psychopathology and critical issue to intervene by
preventive efforts. Because of wide spread use of mobile phones today and their
adverse effects on sleep disturbances, taking into account nocturnal mobile phone
use is recognized as potential intervention for preventing depressive symptoms
in adolescents.

Although short and long sleep duration are typical aspects of depressive
symptoms and prodromal symptom of depression, no studies have investigated
interaction between nocturnal mobile phone use and sleep duration by which
target intervention can be workable effectively for high risk people and whether
or not the association between nocturnal mobile phone use and depressive
symptoms observed in adolescents can be applied in general population remain
unclear. The present study was therefore conducted to clarify the relationship
between depressive symptoms and interactive effects of nocturnal mobile phone

use and sleep duration in mothers of toddlers and preschoolers.

Methods: Japanese mothers (aged 21-52 years; n=1147) of rearing toddlers
(aged 3-4 years; n=519) and preschool children (aged 56 years; n=628) were
studied using self-report questionnaires. The rate of mothers who had depressive
symptoms were examined for frequencies of nocturnal cell phone usage and sleep

duration.

Results: The rate of mothers who had depressive symptoms was significantly
higher when they used cell phone after lights out every day (p<0.001).
Specifically, the increase was significant in having depressive symptoms, when
they used cell phone after lights out every day and having short sleep duration

(OR=295, p<001).
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Conclusion: Interactive effects of every night cell phone use and short sleep
duration may increase odds ratio for depressive symptoms in mothers of toddlers
and preschoolers. This means that maternal depressive symptoms which critically

effects on child psychopathology may be reduced by educating intervention.

Introduction

Contrary to traditional efforts in identifying postpartum depression as an
important risk factor for childhood psychopathology (Beck 1998; Grace, Evindar,
and Stewart 2003; Hay and Pawlby 2008; Lynne Murray and Cooper 1996),
latest data from NLSCY national longitudinal study of children and youth has
shown initial exposure of maternal depression between the ages of 2-byears
indeed had a two-fold increase in odds of emotional disorders at early adolescence
(12-13years) (Naicker, Wickham, and Colman 2012). Underlying mechanism by
which the relationship between exposure to maternal depression in toddlers
and preschool periods and emotional disorders in adolescence occurs can be
represented as follows. During this period, toddlers and preschoolers develop
cognitive ability rapidly in which they understand emotional situations and
learn emotional regulation through mainly maternal responsiveness (Feldman,
Eidelman, and Rotenberg 2004; Karrass and Braungart-Rieker 2005). However,
depressed mothers may interact with their children having less sensitivity and
negative attitude to infants signals (L Murray and Kempton 1993; Campbell and
Cohn 1992) . So depressed mothers can't play a role in child adjustment (Downey
and Coyne 1990) . As a result, difficulty of child's cognitive development impairs
child’s mental health, and by which externalizing symptoms in toddlers and
preschool period (Essex et al. 2001), and subsequent emotional disorders in early
adolescence occur (Naicker, Wickham, and Colman 2012) .

Despite the concern about higher sensitivity to maternal depression
between the ages of 2-byears than first year of life in the view of child hood

psycho pathology (Naicker, Wickham, and Colman 2012), and critical period for
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child cognitive development (Feldman, Eidelman, and Rotenberg 2004; Karrass
and Braungart-Rieker 2005), little is known about risk factors for maternal
depression between toddler and preschool periods. While depression is generally
multifactorial, sleep disturbances play significant roles in depression (Riemann,
Berger, and Voderholzer). Epidemiological studies have shown that sleep
disturbances had significant associations with depression (Kaneita and Ohida
2006) , and demonstrated that prevalence of depression also increase with age
and are higher among women (Nolen-Hoeksema 1987; Stordal, Mykletun, and
Dahl 2003) .

Because of wide spread use of mobile phones today and their adverse
effects on sleep disturbances, taking into account frequency of nocturnal mobile
phone use is also recognized as potential intervention for preventing sleep
disturbances and depression in adolescents (Munezawa et al. 2011; Oshima et
al. 2012) . In these approaches, frequencies of nocturnal mobile phone use were
compared with those who never used cell phone after lights out in reference to
the odds ratios for sleep disturbances and depressive symptoms, except sleep
duration from consideration. One weakness of these approaches is that although
short and long sleep duration are typical aspects of depressive symptoms and
prodromal symptom of depression, neither of the paper describes the theory of
integrating frequency of nocturnal mobile phone use with sleep duration in which
unification based understanding of risks of nocturnal mobile phone use allowed. If
frequency of mobile phone use after lights out and sleep duration had interactive
effects on depressive symptoms, target intervention can be workable effectively
for high risk people. Another weakness is limitation on subjects by focusing only
adolescents. Whether or not observed associations between nocturnal mobile
phone use and sleep disturbances and depressive symptoms in adolescents can
be applied on general population remain unclear.

In response to these problems, this paper focuses on our new theory

of interactive effects between nocturnal mobile phone use after lights out and
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sleep length on especially depressive symptoms in mothers of toddlers and
preschoolers. Our belief is that disambiguation in interaction between frequency
of nocturnal mobile phone use and sleep duration on depressive symptoms
by examining mothers of toddlers and preschoolers supports understanding
one of effective preventive measures for depression and subsequent childhood
psychopathology. In order to establish this theory, we investigate the effects of
nocturnal mobile phone use after lights out, nocturnal sleep duration and the
interaction between these two factors on depressive symptoms in mothers of

toddlers and preschoolers.

Material and Method

subjects

A cross-sectional survey was conducted between 2012 and 2013 in a metropolitan
area of Japan. Data were collected from regal guardians at 19 nursery schools
and kindergarten (aged 3-6 years). Out of 2456 household at 19 nursery schools
and kindergarten, 1035 household (421 %) did not participate in this study, 45
responses (1.8 %) were not from mothers, and 229 (9.3%) were excluded because
of missing data. Thus, a total of 1147 mothers (46.7% of 2456, age: 37.2 =44 years
(mean =s.d.), range = 21-52 years) were analyzed.

For the practical procedure of the study, kindergarten or nursery
school principals were approached and asked to co-operate with the survey
and the principals consulted with teachers and mothers. After we had obtained
written informed consent from the principals, then a self-report questionnaire
and envelope were handed to each mother by teachers. The cover letter of the
questionnaire explained to the mothers that: 1) participation in the study was
anonymous and voluntary, 2) strict confidentiality would be maintained. And
the mothers were requested to seal the completed questionnaire in the envelope
provided. We collected the sealed questionnaires at each kindergarten or nursery

school. This study was approved by the ethics committees of the University of
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Tokyo.
Measures
The major areas that were included in the questionnaire were: 1) Nocturnal cell

phone usage, 2) sleep duration, 3) mental health status, and 4) personal data.

Nocturnal cell phone usage

Frequency of nocturnal cell phone usage especially after lights out was assessed
using the following questions: “How often have you talked or sent e-mails using
a mobile phone after lights out recently?” The participants selected one of three
possible responses: “never,” “sometimes,” and “almost every night,” (Oshima et al.

2012).

Sleep status

The length of sleep was measured by asking “How many hours and minutes
have you regularly slept at night recently?”. Based on the responses, we classified
the subjects into following three groups: 1) short sleep (less than six hours), 2)
average sleep (six to under nine hours), and 3) long sleep (nine and over nine

hours) (Kaneita and Ohida 2006) .

Mental health status

Mental health status was measured using the General Health
Questionnaire (GHQ) which is known as rating scales for the detection of
nonpsychotic psychiatric symptoms, particularly symptoms of anxiety or
depression (Goldberg et al. 1976). The 12-item GHQ (GHQ-12) is extensively
used self-administered questionnaire and the validity and reliability of the
Japanese version of the GHQ-12 have been confirmed (Minowa 2003). A four-
point scale with binary scoring (ie., 0011) was used for each of the questions.
Responses of “1” were added together to shape the total score, with a range

from 0 (best possible) to 12 (worst possible). We defined respondents whose
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total score was major than or equal to 4 as in poor mental health, consistent with

previous studies (Shimbo, Nakamura, and Shi 2005) .

Personal data

The personal data included mother’s age, child’s age, child’s sex, number of
times as mother, family formation, marital status, mother’s employment, mother’
s education, economic status. Epidemiological studies have shown that age,
unemployed, unmarried, and subjective assessment of lower socioeconomic status
have associations with sleep disturbances (Morin et al. 2006; Ancoli-Israel and
Roth 1999; Leger and Guilleminault 2000; Mellinger 1985; Ohayon 1997; Ohayon
and Smirne 2002). Possible answers regarding family economic status were “poor,”
“slightly poor,” “normal,” “comparatively rich,” and “rich.” Both “poor” and “slightly

poor” answers were classified as poor.

Statistical analysis

Personal data regarding the rate of mothers who had depressive
symptoms were divided by attribute variables and examined by Kruskal-
Wallis test, Bonferroni post-hoc test, and Mann-Whitney U test. Associations
between the rate of mothers who had depressive symptoms and sleep duration,
frequencies of mobile phone use after lights out, and interaction between these
two were analyzed using the Kruskal-wallis test.

The association between frequency of mobile phone use and the rate
of mothers who had depressive symptoms was examined by sleep length using
logistic regression. The odds ratio was compared to those without using mobile
phone after lights out according to each category of sleep duration. In the
analysis, mother’s age, child’'s sex, number of times as mother, family formation,
marital status, and economic status were controlled for. In the analysis in which
dependent variable is only frequencies of nocturnal cell phone use, sleep length

is controlled for as covariates in addition to covariates mentioned above. All
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statistical analyses were performed using SPSS version 21.0 ] for Windows (SPSS

Inc.,, Tokyo, Japan) .

Result

Analysis of attribute variables

The relationships between the rates of mothers who had depressive symptoms
and attribute variables are shown in Tablel. Of these variables, mother’'s age,
child’s sex, number of times as mother, family formation, marital status, and
economic status had significant associations with depressive symptoms. Mother’
s age were significantly associated with depressive symptoms (x2=824 df=2,
p<0.05, Kruskal-Wallis test). Depressive symptoms was significantly higher
among those who were under 30 years than 40 and over years (p<0.05 in
Bonferroni post-hoc test) . Child sex was significantly associated with depressive
symptoms (p<0.01 in Mann-Whitney U test). Number of times as mother was
significantly associated with depressive symptoms (p<0.05 in Mann-Whitney U
test) . Family formation was significantly associated with depressive symptoms
(p<0.05 in Mann-Whitney U test). Marital status was significantly associated
with depressive symptoms (p<0.01 in Mann-Whitney U test). Subjective
assessment of the family’s socioeconomic condition was significantly associated

with depressive symptoms (p<0.001 in Mann-Whitney U test) .
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Tablel. Demographics of the subjects.

Prevalence of Depressive Symptoms

Demographic Characteristics N (%) I(\;IP(I(;% )Score =4, p Value Igg%nsiofel) p Value
Mother's age, y <05 <05
<30 63(55) 29 (46.0) 370 = 3.36
30-39 743 (64.8) 260 (35.0) 305 =292
=40 341 (297) 99 (290) 265 =271
Child's age, y ns. n.s.
34 years old 519 (452) 166 (32.0) 290 =294
56 years old 628 (54.8) 222 (354) 301 £ 286
Child's sex <01 <01
male 521 (454) 150 (283) 269 = 2.78
female 626 (54.6) 238(38.0) 319 =297
No. of times as mother <05 <05
First-time mother 632(55.1)  230(364) 313 =298
Second-time or greater 515 (44.9) 158 (30.7) 276 + 277
Family formation <05 <05
nuclear 1032 (90.0) 338 (32.8) 294 =289
extended 115(100) 50 (435) 320 =294
Marital status <01 <05
Married 1094 (95.4) 359 (32.8) 290 = 2.84
Single parent 53 (4.6) 29 (54.7) 419 = 363
Mother's employment ns. n.s.
Fulltime job 207 (180)  73(35.3) 318 £ 3.37
Parttime job 259 (226) 88(34.0) 292 =271
House wife 681 (594) 227(333) 292 = 280
Mother's education ns. ns.
High school graduate or less 206 (180) 80 (38.8) 319 =286
Some college or vocational school 511 (44.6) 170 (33.3) 297 =299
College graduate 430 (375) 138(321) 288 =280
Economic status <001 <001
Rich 955 (83.3) 290 (304) 271 =275
Poor 192(16.7) 98 (51.0) 423 =324
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Sleep duration and mobile phone use after lights out

The frequencies of mothers having short sleep duration (<6h) and long sleep
duration (=9h) were 134 and 109 (11.7% and 95%) and mothers using cell phone
after lights out sometimes and almost every day were 321 and 237 (280% and

20.7%) out of 1147.

Frequencies of depressive symptoms

The rate of mothers who had depressive symptoms divided by sleep length
and frequencies of nocturnal mobile phone use and interaction of these two are
summarized in Table2. The rate of mothers who had depressive symptoms was
339% and the rate of depressive symptoms were more frequent in those who
had short sleep duration than those who had average sleep among mothers
consistent with previous study (Kaneita and Ohida 2006) . Depressive symptoms
was significantly associated with frequencies of nocturnal mobile phone use
(x2=242, df=2, p< 0001, Kruskal-Wallis test). Depressive symptoms was also
significantly associated with interaction of frequencies of nocturnal mobile phone

use and sleep duration (x2=31.90, df=8, p< 0.001, Kruskal-Wallis test) .
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Table 2. Prevalence of Depressive Symptoms and Mean General Health
Questionnaire (GHQ) Score by MPU, Sleep Duration, and interaction
of MPU and sleep duration.

Prevalence of Depressive Symptoms
GHQ Score =4,

Mean *= SD GHQ

Variable N (%) N (%) p Value Score p Value
Sleep duration, h ns. <05
<6 134 54 (40.3) 362 =320
6 to <9 904 298 (33.0) 287 =284
=9 109 36 (33.0) 297 = 2.36
MPU <001 <001
never 588 165 (28.1) 257 + 266
sometimes 322 115(35.7) 310 =297
every day 237 108 (45.6) 376 = 318
MPU & sleep duration, h <001 <001
<6
never 71 27 (380) 338 305
sometimes 34 10(29.4) 332+ 345
everyday 29 17 (586) 455 =319
6 to <9
never 466 128 (27.5) 250 + 263
sometimes 238 85(35.7) 3.05 = 2.90
everyday 181 79 (436) 360 =319
=9
never 51 10 (196) 212 £ 206
sometimes 50 20 (40.0) 318 +2.96
everyday 27 12 (444) 396 + 308

Interactive effects of sleep duration and nocturnal mobile phone use on
depressive symptoms

The interactive effects of nocturnal mobile phone use and sleep duration on
depressive symptoms are summarized in table 3 and Figurel. As a whole, the
rate of mothers who had depressive symptoms was significantly higher when
they used every day (OR = 1.89, 95% CL 1.35-2.66, p<0.001) than when they

used no cell phone after lights out. However, a finding which needs attention
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was that the rate was significantly increased in those who had short sleep
duration among mothers when they used mobile phone after lights out every day
compared with when they used no cell phone after lights out (OR = 2.95, 95% CI:
1.34-6.49, p<0.01) . While the odds ratio in those who had average sleep duration
(6h to<9h) among mothers was also significantly increased when they used cell
phone after lights out every day compared with when they used no cell phone

after lights out ( OR = 1.76, 95% CI: 1.21-255, p<0.01) .

Table3. Relationships between frequencies of mobile phone use after
lights out and depressive symptoms examing by sleep duration.

Mothers of toddlers and preschoolers

Unadjusted OR

Adjusted OR

All subjects

MPU sometimes 1.45* (1.09-1.94) 1.37* (1.02-1.86)
MPU every day 215" (157294)  1.89™* (1.35-2.66)
Sleep duraion, <6h

MPU sometimes 1.23 (059-257) 1.10 (051-2.38)
MPU every day 363* (1.70-7.77) 295" (1.34-649)
Sleep suration, h 6 to <9h

MPU sometimes 1.42* (1.03-1.96) 1.33 (0.96-1.86)
MPU every day 199 (141-280)  1.76* (1.21-255)
Sleep duration =9

MPU sometimes 1.71 (0.94-301) 1.71 (093-3.14)
MPU every day 205 (0.94-4.48) 1.82 (0.814.12)

Note. Odds ratios were calculated by logistic regression analysis. Using mobile phone
after lights out sometimes and every day were compared to no use (reference) . 95%

confidence intervals are shown in parentheses. Odds ratios were adjusted for mother’
s age, child sex, number of times as mother, family formation, marital status, and

economic status were controlled for.
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Figurel. Interactive effects of sleep duration and nocturnal mobile
phone use on depressive symptoms
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Discussion

The present study investigated the effects of nocturnal cell phone use and sleep
length on depressive symptoms in mothers (aged21-52 years) of toddlers and
preschoolers (aged3-6 years). Cross-sectional data from a middle scale nursery
school and kindergarten-based sample were analyzed. The rate of mothers who
had depressive symptoms were significantly higher when they used cell phone
after lights out every day compared with when they never used cell phone
after lights out. These results were consistent with previous studies[17]. What
was more alarming, however, was that the odds ratio for depressive symptoms
in those who had short sleep duration among mothers increased significantly
and sharply when they used cell phone after lights out every day compared
with when they never used cell phone after lights out. Hence, the present

study suggests that in those who had short sleep duration among mothers,
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mobile phone use after lights out can be target for preventive intervention for
depressive symptoms in mothers of toddlers and preschoolers.

The present finding may have a significant impact on the prevention
of depressive symptoms in mothers of toddlers and preschoolers because the
mothers with depression may interact with their children having less sensitivity
and negative attitude to infants’ signals (L Murray and Kempton 1993; Campbell
and Cohn 1992) and these traits of mothers can interfere with child’s accurate
understanding of emotional situations by which children may delay their
cognitive development (Feldman, Eidelman, and Rotenberg 2004; Karrass and
Braungart-Rieker 2005). With regard to impact on the prevention of childhood
psychopathology, child's ages of 2-byears is also sensitive age for maternal
depression when the risk of emotional disorder almost two-fold increases in early
adolescents (12-13years) (Naicker, Wickham, and Colman 2012). In addition,
maternal depression is a risk factor for child physical abuse which is the greatest
peril of child life (Stith et al. 2009) . Moreover, preventive efforts through mobile
phone use may also be of great significance for mothers, because mobile phone
use has recently become popular and prevalent among age-group of mothers
rearing young children; for example diffusion rate is 97.3% among people in
their twenties, 95.0% among people in their thirties, and 94.2% among those in
their forties in Japan (Bureau 2009) . To the best of our knowledge, the present
study is the first to observe the interaction between nocturnal mobile phone use
especially after lights out and sleep duration on depressive symptoms among
general population.

The fundamental premise of sleep deficiency by using light emitting
devices at evening has been that exposure to light, even at low intensity,
suppresses the secretion of melatonin, delays circadian rhythm, and increases
alertness (Zeitzer and Dijk 2000; Mclntyre and Norman 1989; Brainard, Lewy,
and Menaker 1988; Khalsa and Jewett 2003; Cajochen et al. 2000; Cajochen 2007;
Lockley and Evans 2006). Using cell phone after lights out may extend these
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effects because pupils of the eyes are more dilated. In addition, electromagnetic
fields emitted by cell phones also decrease pre-bedtime melatonin secretion
(Wood 2006), and indicates a delay in rapid eye movement sleep (Loughran,
Wood, and Barton 2005). In addition, it is demonstrated that having thoughtful
or considerable time in immediately pre-sleep period cause cognitive arousal and
lead to insomnia symptoms (Browman and Tepas 1976; Harvey 2000; Harvey
and Greenall 2003; Gregory et al. 2008) . Context in a causation of depressive
symptoms can be represented as reduction of quantity and delaying the timing
of REM sleep. If mothers used cell phone after lights out every night habitually,
these effects can disrupt circadian rhythms and cause persistent sleep deficiency
which leads mothers to depressive symptoms.

As regarding interactive effects of every night mobile phone use and short sleep
duration on increased odds ratio for depressive symptoms, it is considered that
those who had short sleep duration among mothers had higher score of GHQ
primary than those who had average and long sleep duration among mothers
and effects of every night mobile phone use impaired mental health to threshold
for depressive symptoms.

Except for the mothers who had long sleep length, depressive
symptoms was significantly higher in those who used mobile phone after
lights out every day among mothers of young children. The relation between
interactive effect of long sleep length and every day mobile phone use after lights
out on depressive symptoms has not been clarified. A previous epidemiological
study found that significantly more adults with long sleep length had depressive
symptoms than those who had average sleep length (Kaneita and Ohida 2006) .
However, in the present study those who had long sleep duration among mothers
had the rate of depressive symptoms as same level to those who had average
sleep duration among mothers. Further research is required to draw a definite
conclusion.

Regarding the relationship between mobile phone use after lights out
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sometimes and depressive symptoms, the rate of mothers who had depressive
symptoms, as a whole, had significant associations with depressive symptoms.
However, in examining interactive effects of frequencies of mobile phone use
after lights out and sleep duration, mobile phone use after lights out sometimes
had no significant associations with depressive symptoms in each sleep category.
Sometimes use of mobile phone after lights out, however, increase a risk for
depressive symptoms when the odds ratios are referred. The sample size may
effect on these results and further studies are required in this respect.

The following limitations must be acknowledged. First, this is a cross-
sectional survey, and therefore the causal relationships among depressive
symptoms, sleep length and frequencies of mobile phone use after light out
are not clear. Second, the participants were not asked about utilization time of
mobile phone after lights out in the questionnaire. Utilization time for sending
text messages or calling were not asked about directly. This could affect the
observed associations between frequencies of mobile phone use after lights out,
sleep length and depressive symptoms. Third, we used also simple sentences
to ask about frequencies of mobile phone use after light out and sleep duration.
Therefore, we were not able to discriminate between relatively-recent and long-
lasting habits which may lead to more adverse outcome on depressive symptoms.
Forth, the present findings could be specific to the Japanese mothers rearing
young children, and should be retested with consideration of cross-cultural
questions.

The present study suggest that mobile phone use after lights out
may impair mental health in mothers of toddlers and preschoolers and in
those who had short sleep duration among mothers, using mobile phone after
lights out every day may sharply increase odds ratio for depressive symptoms.
These findings are critically important, because maternal depression which
may interfere with child’s cognitive development and lead to childhood

psychopathology can be reduced by preventive intervention. Health care
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professionals, nursery school teachers and kindergarten teachers should be aware
of these findings and may need to have appropriate skills to detect adverse
sleep habits such as mobile phone use after lights out in those who may have

depressive symptoms among mothers of toddlers and preschoolers.
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