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Abstract

Assuming that secretory immunoglobulin A (s-IgA) in pre-schoolers is in-
fluenced by wake-up time, bedtime, sleeping duration and activity, the cur-
rent study examined the influence of basic pre-schooler lifestyle on the cir-
cadian rhythm of s-IgA. We conducted a questionnaire survey on lifestyle
and measured steps, heart rate and salivary s-IgA in 44 pre-schoolers aged 4
or 5 years old. Saliva was collected over 2 days at six time points: bedtime,
upon waking up, upon arriving at nursery school, before lunch, after lunch
and upon going home. To obtain relatively reliable s-IgA values, the s-IgA
concentration/total protein concentration ratio (referred to as s-IgA/T.P.)
was calculated. Relationship between the s-IgA/T.P. and heart rate, steps,
wake-up time, bedtime and sleeping duration was then examined using
Pearson’s correlation coefficient. Accordingly, pre-schooler lifestyle had the
following effect on circadian rhythm of s-IgA: 1) s-IgA/T.P. values were
higher upon waking up than at other measurement time points; 2)
pre-schoolers with considerable physical activity had high s-IgA/T.P. at
bedtime and upon waking up; and 3) pre-schoolers with long sleeping du-
rations and early bedtime had high s-IgA/T.P. upon waking up. Thus, our
results confirmed that pre-schoolers’ lifestyle habits, such as bedtime,
sleeping duration, physical activity, had an effect on the circadian rhythm of
s-IgA.
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1. Introduction

Establishing an appropriate lifestyle during early childhood is imperative for
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creating a healthy life thereafter. As such, the Ministry of Education, Culture,
Sports, Science and Technology of Japan (MEXT) has been actively working to
establish correct lifestyles for children and improve their lifestyle rhythms by
promoting the national movement of “early sleep, get up early and breakfast”
since 2006. So far, most research on pre-schooler healthy has involved surveys
conducted using questionnaires, with only a handful utilizing biochemical indi-
cators. To better determining the effects of pre-schooler lifestyle, understanding
how it affects the pre-schooler’s physiology utilizing objective biochemical indi-
cators is necessary.

Recently, non-invasive methods, such as saliva collection, have made measur-
ing secretory-immunoglobulin A (s-IgA) convenient. s-IgA contained in exo-
crine products, such as saliva, digestive juices, airway secretions and breast milk,
is an immune protein that plays an essential role in host defence and local im-
mune system function at the mucosal epithelium of the digestive and respiratory
systems [1] [2]. s-IgA is largely found in the saliva and early breast milk and at-
tacks invading bacteria and viruses present on the mucous membranes of the
oral and upper respiratory tract [3] [4]. Therefore, measuring salivary s-IgA le-
vels in pre-schoolers can help us determine the local immunologic capability of
their oral and nasal cavities, which are important for defence against upper res-
piratory tract infection.

Given that most studies concerning s-IgA have been on adults, research on
s-IgA in pre-schoolers has been scarce. Ichikawa [5] who analysed salivary s-IgA
upon waking up in 330 sixth graders, 152 junior high school sophomores and
334 adults (over 20 years) reported no gender difference in salivary s-IgA among
children and increased levels with aging. Moreover, they found that adults who
were long-term smokers and patients with bronchial asthma showed signifi-
cantly lower s-IgA concentrations compared to the general population. Maeda
[6] revealed that patients with bronchial asthma aged 5 - 15 years had lower sa-
livary s-IgA levels than healthy children, indicating lowered local immunologic
ability. In addition, Sakai et al [2] reported no gender difference in salivary
s-IgA levels in both children and adults; lower s-IgA in children than in adults;
and large variations in s-IgA among adults depending on circadian rhythm. Su-
zukawa et al [7], who examined the relationship between lifestyle and s-IgA in
pre-schoolers, reported that pre-schoolers with little exercise play and those who
slept for less than 9 h showed lower s-IgA values, with no gender difference. Af-
ter examining s-IgA variations at 10:30 am, 3:30 pm and 8:00 pm on weekdays
and weekends in pre-schoolers aged 4 or 5 years old, Watamura et al [8] re-
ported that the salivary s-IgA levels were higher at 10:30 am than s-IgA levels at
8:00 pm on weekdays and weekends. Lim et a/ [9] analysed s-IgA in saliva twice
at 7 - 9 am and 7 - 9 pm and reported that the salivary s-IgA was significantly
higher in morning than evening regardless of age, gender and race. Thus, given
the influence of age, bronchial asthma, exercise habits and sleep duration on
s-IgA levels in pre-schoolers, determining the influence of basic lifestyle patterns
on pre-schoolers’ s-IgA is necessary.
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The current study examined the influence of basic pre-schooler lifestyle on the
circadian rhythm of s-IgA with the assumption that pre-schooler s-IgA levels are
influenced by wake-up time, bedtime, sleeping duration and activity.

2. Methods
2.1. Subjects

Subjects were pre-schoolers aged 4 or 5 years old, belonging to K Nursery School
of Tokyo prefecture and Y Nursery School of Yamaguchi prefecture. They were
included in this study because they had similar living backgrounds. Parents of
the pre-schoolers were provided a document detailing the aims of study. Among
the 64 pre-schoolers who provided informed consent, 44 who correctly answered
the questionnaire and permitted saliva measurements were selected for this

study.

2.2. Questionnaire and Measurement Content

2.2.1. Lifestyle Questionnaire

Parents provided informed consent underwent a questionnaire survey on
lifestyle of pre-schoolers. The survey form stated that consideration would be
given to the protection of personal information. Class teachers at the nursery
schools were requested to distribute and collect the questionnaires. This survey

was conducted in 2007.

2.2.2. Measuring Heart Rate and Amount of Activity

To understand daytime activity levels of pre-schoolers, steps and heart rates
were measured in 21 pre-schoolers whose parents provided consent. Daily steps
during childcare, which indicated the amount of physical activity, was measured
by fixing the Calorie Counter Acceleration Pedometer (SUZUKEN Co. Ltd.) to
the waist of pre-schoolers. Heart rates (heart rate per unit time) during childcare
were measured using a Portable Cardiograph (VINE Co. Ltd.) with the chest bi-
polar induction method.

2.2.3. Measurement of Secretory Immunoglobulin A

Saliva was collected during the 2 days of routine childcare at the following six
time points: bedtime, upon waking up, upon arriving at the nursery school
(9:00-9:30 am), before lunch (11:00 am), after lunch (13:00 pm) and upon going
home. On the day of saliva collection, parents were asked regarding the follow-

» «

ing condition of the pre-schoolers: “No pharmacological therapy,” “no special

» «

exercise and attention needed to live normally,” “consideration given to normal-

» «

ize sleep rhythm and eating rhythm,” “no dental treatment,” and “consideration
given to prevent mental stressors.” Approximately 1 - 2 mL of saliva directly
from the mouth was collected into a 50-mL centrifuge tube given that this was
the easiest method of collecting saliva from pre-schoolers. Immediately, the sali-
va was transferred into a 1.5-mL microtube and frozen at —20°C. Saliva samples

were analysed for s-IgA levels after centrifugation for 5 min at 4°C and 15,000
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rpm and transferring the supernatant into a new tube.

2.2.4. Saliva Analysis Method

s-IgA concentrations were measured using Enzyme-Linked ImmunoSorbent
Assay (ELISA). s-IgA concentrations in saliva have been known to fluctuate de-
pending on total protein secretion, collection time, collection method and
treatment method [2]. Hence, to obtain a relatively reliable s-IgA value, total
protein measurements in saliva were performed using the Lowry method, then
the s-IgA value was calculated as the s-IgA concentration/total protein concen-

tration ratio (referred to as s-IgA/T.P.).

2.3. Statistical Analysis

The z-test was used to compare wake-up time, bedtime and sleeping duration
obtained from this study and those obtained from the survey of Hattori et al
[10], as well as a health survey on wake-up time and bedtime according to mea-
surement time zone [11]. Differences in average s-IgA/T.P. according to mea-
surement time points were examined using one-way analysis of variance. The
relationship between s-IgA/T.P. and heart rate, steps, wake-up time, bedtime
and sleeping duration was examined using Pearson’s correlation coefficient, with

the level of significance set at 0.05.

2.4. Ethical Considerations

The Ethics Committee on Human Experimentation of the Graduate School of
Health Sciences, Okayama University approved this study (Approval No. D10-03).

3. Results

In order to confirm that the subjects of this study have standard lifestyles, we
compared them with a previous study by Hattori et a/ [10] and a health survey
on pre-schoolers [11], which included large number of subjects. Table 1 shows
the average wake-up time, bedtime and sleeping duration of subjects included
herein and those included in a previous study by Hattori et al [10]. Accordingly,
pre-schoolers had an average wake-up time of 7:06 + 30 min, average bedtime of
21:36 + 41 min and average sleep duration (calculated from the wake-up time

and bedtime) of 9.5 h + 36 min. The results of this study were not significantly

Table 1. Comparison of average wake-up time, bedtime and sleep duration between this
study and Hattori’s study on pre-schoolers.

this study on Hattori’s study on
pre-schoolers N =44  pre-schoolers N = 459 z p
M SD M SD
wake-up time 7:06 30 min 7:07 25 min -1.579 0.114
bedtime 21:36 41 min 21:17 38 min 0.316 0.752
sleeping duration 9.5 hour 36 min 9.8 hour 45 min 1.769 0.077
DOI: 10.4236/health.2021.132016 181 Health
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different from the survey by Hattori et a/ [10].

Table 2 and Table 3 show distribution of wake-up time and bedtime, respec-
tively, according to each measurement time zone in this study and a health sur-
vey on pre-schoolers [11]. A wake-up time of 7 - 8 am and bedtime of 9 - 10 pm
were the most frequently observed, with no significant difference between this
study and the health survey on pre-schoolers.

The average heart rate of 21 pre-schoolers during childcare was 114.9 + 10.9
beats/min, with maximum and minimum values of 199 and 70 beats/min, re-
spectively. The average step count was 7405 + 2923, with maximum and mini-
mum values of 12,031 and 3100, respectively.

Circadian rhythm of s-IgA/T.P. from bedtime until leaving nursery school the
following next day is shown in Figure 1. The average s-IgA/T.P. was 10.6% *

Table 2. Distribution of wake-up time according to each measurement time zone in this
study and the health survey on pre-schoolers (2011).

this study on health survey on
pre-schoolers N = 44 (%) pre-schoolers N = 931 (%) z P
before 7 am 14 (31.8) 232 (24.9) 1.030 0.303
7-8am 25 (56.8) 580 (62.3) -0.732 0.464
after 8 am 5(11.4) 102 (11.0) 0.085 0.933
N.A. 0 (0.0) 17 (1.8) ~0.898 0.369

Table 3. Distribution of bedtime according to each measurement time zone in this study
and the health survey on pre-schoolers (2011).

this study on health survey on
pre-schoolers N = 44 (%) pre-schoolers N = 931 (%) P
before 9 pm 2 (4.5) 120 (12.9) -1.635 0.102
9-10 pm 29 (65.9) 533 (57.3) 1.136 0.256
after 10 pm 13 (29.6) 233 (25.0) 0.674 0.500
N.A. 0 (0.0) 45 (4.8) ~1.488 0.137
(%)
40.0 * *
] *
— % _I* |
30.0 +
o
E 20.0 -
°
»
10.0 -
0.0
bedtime  wakingup arriving at before lunch after lunch going home
nursery .
school p <0.05 mean+SD N =44

Figure 1. Circadian rhythm of s-IgA/T.P.
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Table 4. Correlation coefficient between s-IgA/T.P. at each measurement time point and
heart rate, steps, wake-up time, bedtime and sleeping duration.

bedtime waking up nuarrsrei:)i'r:%:;;ol ];:f::;e after lunch lgl(())i;i

heart rate 0.032 0.045 —-0.444* —-0.408 -0.241 -0.277
steps 0.717* 0.552* -0.008 0.120 0.316 0.328

wake-up time —-0.091 -0.178 0.211 0.021 -0.157 -0.094

bedtime -0.291 —-0.427* 0.048 -0.109 —-0.309* -0.167
sleeping duration ~ 0.173 0.337% 0.123 0.142 0.221 0.111

*p < 0.05.

7.7% before bedtime, 17.7% = 11.1% upon waking up, 12.2% + 5.5% upon arrive
at nursery school, 10.8% + 5.3% before lunch, 9.2% * 4.5% after lunch and 7.6%
* 3.8% upon going home. The s-IgA/T.P. ratio upon waking up was found to be
significantly higher than that during other measurement time points.

Table 4 shows the correlation coefficient between s-IgA/T.P. at each saliva
collection time and heart rate, steps, wake-up time, bedtime and sleeping dura-
tion. A significant negative correlation was found between heart rate and
s-IgA/T.P. upon arriving at nursery school, while a significant positive correla-
tion was found between steps and s-IgA/T.P. at bedtime and upon waking up. A
significant negative correlation was found between bedtime and s-IgA/T.P. upon
waking up and after lunch, while a significant positive correlation was found

between sleeping duration and s-IgA/T.P. upon waking up.

4. Discussion

The average wake-up time, bedtime and sleep duration obtained herein did not
differ from those obtained by Hattori et al [10]. Moreover, no difference in
wake-up time and bedtime was observed according to measurement time zone
between this study and the health survey on pre-schoolers [11]. Hence, the
current study had been confirmed to have included 4 - 5-year-old pre-schoolers
who have sleep and awakening rhythms similar to modern standard 4 - 5-year-old
pre-schoolers. However, total sleeping hours for 3 - 5-year-old pre-schoolers rec-
ommended by National Sleep Foundation in 2015 remain at 10 - 13 h [12]. An
international survey by Mindell et al [13], and Kohyama et al [14] indicated
that Japanese 3-year-old pre-schoolers had less sleep duration compared to those
in other countries. Moreover, a cohort study that followed 500 Swiss children for
over 16 years showed that 5-year-old pre-schoolers went to be at 20:11 pm bed-
time and had 11.1 h of sleeping time [15]. Thus, the current study, as well as
other studies, have indicated that Japanese pre-schoolers had a later bedtime and
shorter sleep duration compared to the standard of other countries. In the cur-
rent study, 29.6% of 4 or 5-year-old pre-schoolers went to bed after 10 pm, while
9.1% went to bed after 11:00 pm. In other words, approximately 30% of
pre-schoolers went to bed very late. Mitsuboshi et al [16] suggested a significant
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relationship between parents’ and pre-schoolers’ bedtime, thereby indicating
that the parent’s lifestyle affected the pre-schoolers’ bedtime. They reported that
62.9% of parents were not concerned with their pre-schoolers having a sleep dura-
tion of less than 8 h, suggesting a problem with parents’ awareness. Considering
the potential effects of parent’s lifestyle on pre-schoolers, future studies should al-
so examine the impact of parent’s lifestyle.

The average heart rate of pre-schoolers during childcare activities obtained
herein was 114.9, less than 129 beats/min, was indicated low exercise intensity
according to Kobayashi et al. [17]. Moreover, pre-schoolers included herein took
an average of 7405 steps, a figure similar to that obtained in previous studies [18]
[19] [20].

The s-IgA/T.P. upon waking up was significantly higher than that at other
measurement time points from bedtime until going home from nursery school
the next day. Nakata et al [21], who analysed salivary s-IgA five times every 2 h
from 9:00 am to 17:00 pm in adults, showed that s-IgA was highest at 9:00 am,
after which a decrease was observed. Rapson et al [22], who examined s-IgA
concentrations 30 min, 3 h, 6 h, 9 h and 14 h after waking up, showed that s-IgA
upon waking up was the highest, after which a decrease was noted. Moreover,
several reports have shown higher s-IgA concentrations upon waking up or in
the morning compared to that measured at other time points [23] [24] [25] [26]
[27]. Hence, the current study supports previous researches indicating that the
decreased s-IgA/T.P. during awakening could be recovered during sleep.

After analysing the correlation coefficient between s-IgA/T.P. at each saliva
collection time point and heart rate and steps, a significant negative correlation
coefficient was found between heart rate and s-IgA/T.P. upon arriving at nursery
school, while a significant correlation was found between steps and s-IgA/T.P. at
bedtime and upon waking up. In other words, s-IgA/T.P. decreased when heart
rate was high and increased when the amount of steps was high. Adult studies
have indeed reported a decrease in s-IgA after vigorous exercise [28] [29] [30].
Suzukawa et al [7] reported that pre-schoolers who had little exercise and body
movement showed low s-IgA values. Thus, examining activity intensity and time
management during nursery care of pre-schoolers will be necessary. After
analysing the correlation coefficient between salivary s-IgA/T.P. and wake-up
time, bedtime and sleep duration at each collection time, the current study
found a significant negative correlation between bedtime and s-IgA/T.P. upon
waking up and a significant positive correlation between sleeping duration and
s-IgA/T.P. upon waking up. In other words, it was clear that pre-schoolers who
had a habit of an early bedtime and long sleeping hours had higher s-IgA/T.P.
upon waking up, indicating good local immunologic capability in the oral cavity.
Suzukawa et al [7] reported that 4 - 6-year-old pre-schoolers who sleep less 9 h
and hardly had any physical activity had low s-IgA. Moreover, pre-schoolers
with habit of long sleeping hours were reported to have significantly more daily

steps than those with short sleeping hours [31] [32]. Our results showed that
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long sleep durations and increased physical activity increased s-IgA/T.P. This
suggests that increased physical activity following longer sleeping duration im-
proves immune system activity by increasing s-IgA/T.P. Hence, pre-schoolers
who have longer sleep durations, early bedtime and engage in physical activity
could be less likely affected by diseases, such as catch colds, given that their im-
mune system functions appropriately.

Thus, lifestyle habits, such as bedtime, sleep duration, physical activity were
confirmed to have affected the circadian rhythm of s-IgA. Since this survey in-
cludes 2 nursery schools and 44 subjects, and only s-IgA is used as an index, it is
necessary to analyse more cases and add physiological indicators in order to

have universal applicability.

5. Conclusion

The current study showed the following effects of pre-schooler lifestyle on the
circadian rhythm of s-IgA: 1) s-IgA/T.P. of pre-schoolers was higher upon wak-
ing up than that at other measurement time points; 2) pre-schoolers with consi-
derable physical activity had high s-IgA/T.P. at bedtime and upon waking up;
and 3) pre-schoolers with long sleep durations and early bedtime had high
s-IgA/T.P. upon waking up.
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