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Abstract

Previous research reported associations of ex@edaitime sleepiness (EDS) with a low
vitamin D level, obesity, and sexual maturity. T of this study was to identify the
association and rank the importance of these wiiB .EThis study examined 618children
who were 10 to 12 year-old. The pediatric daytimeeginess scale (PDSS) was used to
evaluate EDS and sleep patterns. EDS was definadaial PDSS score above 17. We
ranked the importance of the relationship of tHastors with EDS using random forest
analysis. EDSH(= 111, 18%) was positively associated with moreaaded pubertal stage in
girls, chronic cough, urticaria, and allergic rtisi Multivariable analysis with adjustment for
confounding indicated that children with low lewéI25-hydroxyvitamin (25(OH)Ds
(<20ng/mL) and high-density lipoprotein-cholestdifdDL-C) (<40mg/dL) levels had an
increased risk of EDS (25(OH)djusted odds ratio [aOR] = 1.73; 95% confidemterval
[CI]: 1.06 to 2.81P = 0.028; HDL-C: aOR = 2.84; 95% CI: 1.05 to 7.88; 0.039).

Random forest analysis indicated that 25(OfiYel, exercise, and body mass index (BMI)
were over three. This study indicated high levélgs(OH)D; and HDL-C and performing

regular exercise decreased the risk of EDS.

Keywords. Excessive daytime sleepiness; Children; Serum 28rékyvitamin B; body

mass index; regular exercise



1. Introduction

Excessive daytime sleepiness (EDS) is defined iag lnmable to maintain wakefulness and
alertness during the major waking episodes of the dnd sleep occurs almost daily
unintentionally or at inappropriate times for adethree months [1, 2]. It is important for
clinicians to recognize EDS, because it may indieat undiagnosed sleep disorder or other
conditions and it can also impair development aatydunction [2, 3]. Moreover, EDS in
school children makes it difficult for them to asfjuo school life and concentrate on their
work [2-4]. Some clinicians now consider EDS a m&ealth problem that affects from 25%

to 40% of children and adolescents [4].

Previous research established that EDS in childremnificantly associated with obesity,
lack of physical exercise, the mid-puberty stagel, @lergic diseases, such as asthma and
allergic rhinitis (AR) [5-10]. Some other studiesngonstrated that a low vitamin D level may
be associated with EDS, and that exposure to suastmd or dietary vitamin D supplements
may reduce EDS [11, 12]. A low vitamin D level icheol children may also contribute to
the progression to dyslipidemia [18§ children with EDS may also have abnormal lipid
profiles. Thus, it is necessary to examine theofacassociated with EDS in school children,
including serum vitamin D level, lipid profile, okiéy, pubertal stage, allergic status, and
other environmental and life style factors so eqgtropriate interventions can be

implemented.

However, the detailed relationships of EDS withsthdifferent factors and their relative
importance remain unclear. Previous studies ofgtadipopulations were limited by the

validity and variety of questionnaires used foregssnent and or by the absence or



incomplete analysis of blood samples. Thereforeaiins of the present study were to
identify factors associated with EDS and to rarkithportance of these different factors,
including demographignvironmental, and life style characteristics; mita D level;
hematological results; and lipid profile. We alagastigated the association of EDS in school
children with the severity of AR, pubertal staged @aesults from acoustic rhinometry and

physical examinations.

2. Materialsand Methods

2.1 Participants

This study enrolled children from the general pg@tigpopulation who were 10 to 12 year-
old and attended 11 elementary schools in Korea fvtarch to August of 2017. The parents
were asked to respond to the questionnaires prithret physical examination, acoustic
rhinometry, and blood sampling. The parents of éiiren returned completed
guestionnaires, agreed to participate in this stido, they agreed to acoustic rhinometry
and blood sampling tests. Pediatricians and waihéd pediatric technicians performed the
physical examinations, including a sexual matuidtyng (SMR) [14], acoustic rhinometry,
and blood samplinglhis study was approved by the Institutional Reviivard of the CHA
Bundang Medical Center (IRB No. 2017-04-04B¢sides, all processes were performed in

accordance with the related regulations and gundsli

2.2 Definition of daytime sleepiness
Sleepiness was estimated using the Korean ver§iBadiatric Daytime Sleepiness Scale

(PDSS), in which a higher score means more dayieepiness [15, 16]. The PDSS has 8



guestions, each with a score of 0 to 3 (range:Z¥jpand assesses sleepiness duwliasgs,
homework, daytime, and morning. It also assesseditficulty of remaining awakand

mood stability. EDS was defined by a PDSS totatesedove 17, which is more than
1standard deviation above the median in a pre\study of Korean students of the same age
[15]. Daytime sleepiness and average sleep ongetvake time for last 7 days was
determined bylirect query of students. Sleep duration was coetpfrom sleep onset and
wake time. Datandicating sleep duration over 12 h or less thdinp@&r day were excluded,

because thesswers may indicate a misunderstanding of thetiquess

2.3 Possible causes of daytime slegpiness

Among the questionnaire items that assessed ingiVide style and environmental
exposures, specific items that had significant @asions with EDS in previous studies (e.qg.,
weight, age, gender, BMI, Tanner stage [SMR], gltedisease, chronic coughing) [2-12]
based on & value below 0.05 were also considered. The enmeanal and individual life
style factors examined were: exposure to secortdagcco smoke (0 to 20 cigarettes per
day), type of ventilation (windows. central-mixed), frequency of exercise, total cheahi
burden (TCB), and household mold odors ¥aoyes). The frequency of exercise was
determined by the answer to the question: “How ndays per week does your child
exercise, besides physical education in schooleapdrience sweating or shortness of breath
for more than 30 minutes”; the possible answerewsone, 1 to 2, 3 to 6, and 7 days per
week. TCB was calculated from the total time of@syre to 12 different cleaning products
[17]. This questionnaire also collected data omateigeneral characteristics of each child

(sex, birth date, prenatal and postnatal histagigtit, weight, parental history of allergic



diseases, and age at menarche). However, the guasiie items didn’t include sleep

disordered breathing, such as apneas or hypopnéasufficient ventilation during sleep.

2.4 Diagnosis of allergic diseases and definition of chronic cough

The diagnosis of allergic diseases (asthma, AR aampic dermatitis [AD]) was based on the
Korean International Study of Asthma and Allergre€hildhood (ISAAC) questionnaire,
according to the 12-month history of each childpeeviously described [18]. Allergic
conjunctivitis was defined by an affirmative answen question that asked about the
presence of nose problems accompanied by itchyvaihery eyes during the past 12 months.
Urticaria was defined by an affirmative answer guastion that asked about the presence of
burning, itching, or a rash resembling a mosquiite & swelling on the skin during the past
12 months. Based on previous studies [19], a “doroough” was defined by an affirmative
answer to the yes-or-no question: “In the past batims, has your child had a problem with a
cough whose duration was more than 4 weeks?” Thedef the chronic cough was also

recorded (1 month ag®. more than 1 month ago).

2.5 Sexual maturity

The sexual maturity of children was measured ugiegSMR scale [14]. Parents were given
a sequence of pictures showing different stagegxidial maturity, and they indicated the
presence of pubic hair and breasts in their fertlaldren and the presence of pubic hair,
penis, and testes, in their male children. Foriegasf males, a visible sign of testicular
enlargement with development of pubic hair wasgaesi SMR 2; penile growth as SMR 3;

and increased testes volume as SMR 4. For scofifegnales, breast buds or development of



pubic hair was assigned SMR 2; and the score iseceiom SMR 3 to 5 as pubic hair

increased and breast development progressed.

2.6 Rhinitis severity, symptom scor e, and acoustic rhinometry

Rhinitis severity and symptoms were assessed tisengotal Five Symptom Score (T5SS).
Nasal symptoms were scored as the sum of the sgbfesr nasal symptoms (watery
rhinorrhea, sneezing, nasal obstruction, and rpasakus) on a scale of 0 to 3 (0, none; 1,
mild; 2, moderate; and 3, severe) during the lasinbnths,as previously described [20]. The
severity of nasal symptoms was assessed usingal asalogue scale (VAS, scale bar range:
0 to 10) which asked about the severity of symptdorgng the past month. Nasal patency
was measured using acoustic rhinometry, basedaodatdized international
recommendations. A well-trained pediatric techma@plied the probe to each student’s
nostrils, and then asked the participant to haddoniher breath for approximately 5 seconds.
The nasal volume from 0 to 5 cm inside the nasatyaas defined as baseline nasal airway
patency. Decongested nasal airway patency wasedkliy measuring the volume 15 min
after administration of a topical alpha agonistééch nostril. This examination was repeated

at least 3 times until the standard deviation efithlues was less than 15%.

2.7 Vitamin D and anemia levelsand lipid profile

Serum levels of 25-hydroxyvitamin25(OH)Ds) were determined using an ELISA kit
(Immunodiagnostic Systems, COBAS 6000 Roche, Manl@&@ermany) after extraction with
acetonitrile. For analysis, children were clasdifés deficient (<20 ng/mL), insufficient (20

to 29.9 ng/mL), or sufficient¥30 ng/mL) [21].To evaluate anemia, hemoglobin, serum



ferritin, and iron levels were measured. Hemoglok@s measured using an automatic
electronic cell calculator, serum ferritin was amzald using an electrochemiluminescence
immunoassay (Aterica Waterloo, ON, USA), and seimam was measured using a modular
analyzer (Cobas 8000, Roche Diagnostics GmbH, MeirmiGermany). Non-fasting venous
blood samples were collected, centrifuged, andyaedlwithin 2 h of collection using a
Cobas 8000 c702 Chemistry Autoanalyzer (Roche,|B&sgegtzerland) for determination of
total cholesterol, low-density lipoprotein cholestgLDL-C), high-density lipoprotein

cholesterol (HDL-C), and triglycerides (TG).

2.8 Ethics statement
The study protocol was approved by the Institutiéteview Board of the CHA Bundang
Medical Center (IRB No. 2017-04-049). Written infogd consent was obtained from the

parents or guardians of all participants followandetailed explanation of the study.

2.9 Statistical analysis

Statistical analysis was performed using IBM SP&&isSics version 23.0 (IBM Corp.,
Armonk, NY, USA) and the R system for statisticahguting version 2.8.134 (Vienna,
Austria). Frequencies and continuous variables wenepared using the test and Student’s
t-test, respectively. Multivariable regression medeére used to estimate adjusted odds
ratios (aORs) and 95% confidence intervals (Clgh adjustment for age, sex, BMI z-score,
vitamin D deficiency, location of residence, presenf allergic diseases, and physician-
diagnosed asthma, AR, and AD in parents. Pearstispearman correlation methods were

used for analysis of associations between variact®ifs and daytime sleepiness.



For analysis of the association of different vadeabwith daytime sleepiness after
multivariable regression, the random forest methas used to quantify the predictive
performance of each factor. Random forest analyses performed using the R system, and
a variable importance ranking of each random forest created. Mean decreases accuracies
and Gini were calculated to model accuracy fronmpgting the value in each feature and
measuring the importance of each variable in esingathe target variable. To ease
interpretation of the graphical displays, a sugatidering of the components was identified
using seriation [22]. Random forest to regressias e benefit to analyzing the data with a
non-linear trend or extrapolation without importandvoreover, this analysis easily and
intuitively demonstrates the quantitative priosti®f each risk factor [23]. Statistical

significance was defined as a P value below 0.05.

3. Results

3.1 Demographic data, clinical characteristics, and laboratory results

We examined 618 children, 111 (18.0%) who had esteeslaytime sleepiness (EDS) and
507 (82.0%) who were healthy controls (Table 1) T™ho groups had no significant
differences in age, sex, BMI z-score, weight stdbirsh weight, and presence of allergic
diseases (asthma, AR, AB;> 0.05 for all comparisons).

Blood sampling was conducted in all participatihgdren, but only 485 children (393 from
the control group and 92 from the EDS group) hablesresults, because of a rejection by
the child or an error of the sampling. The cona&madl EDS groups had no significant

differences in lipid profile (total cholesterol, TGDL-C, and HDL-C), hematological
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parameters (hemoglobin, serum iron and ferritirlgvand total eosinophil count), and

vitamin D statusF > 0.05 for all comparisons).

3.2 Sleep patterns and sleepiness

Analysis of mean PDSS scores (Table 2) indicatieiglaer score in the EDS group than the
control group (19.11+2.08s. 9.86+3.87). In addition, children with EDS slepbma P =
0.006), woke up lateP(< 0.001), and went to bed laté& € 0.001). Further analysis (Table
3) indicated that children who were older (—0.29%®CI: —0.04 to —0.016? < 0.001) and
had higher BMI (—=0.015 95% CI: —0.026 to —0.0P3; 0.015) had shorter sleep durations,
but age and BMI had no impact on PDSS scBre (.05 for both). Boys had longer sleep

durations than girls, but gender had no impactB8%® scorel = 0.534).

3.3 Association of hematologic parameters, lipid profile, and 25(OH)D3 level with EDS
Analysis of the blood samples (Table 4) indicatesld¢ontrol and EDS groups had significant
differences in the levels of HDL-® (= 0.045). Multivariable analysis with adjustment fo
confounding factors indicated that children witiwvIBIDL-C levels (<40 mg/dL) had an
increased risk of EDS (aOR = 2.84; 95% ClI: 1.03.68;P = 0.039). The multivariable
analysis also indicted that children with low 25(Dkllevels (<20 ng/mL) had an increased
risk of EDS (aOR = 1.73; 95% CI: 1.06 to 2.815 0.028), although this difference was not
significant when there was no adjustment for conébng ( = 0.064). The two groups had
no differences in the levels of hemoglobin, seremitin and iron; total eosinophil count; or

total cholesterol, LDL-C, and TG® & 0.05 for all comparisons).
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3.4 Associations of EDS with environmental or life style factorsin EDS group

Our analysis indicated that EDS was associated mithiple environmental and life style
factors (Fig.1)In particular, EDS was positively associated witbrenadvanced pubertal
stage in girls, urticaria, chronic cough, allergamjunctivitis, total eosinophil count, nasal
congestion index, presence and severity (T5SSRyftétal chemical burden (intensity),
mold exposure, and exposure to second-hand sritkeever, EDS was negatively
associated with the amount of exercise, 25(0OHgel, baseline nasal patency, antked-

mode ventilation.

3.5 Importance of different variableson causing EDS

We considered all variables simultaneously and tisedandom forest method to identify the
most significant factors (Fig.2). Figure 2 showkee mmean decrease accuracy of each risk
factors such as 25(OH}Devel (mean decrease accuracy= 3.80), amountestise (3.77),
and BMI (3.50). These are the most significantdexto EDS, and otherwise sexual
development in boys (3.0), baseline nasal volun®),(ZGs (2.3), and chronic cough (2.0)

also powerful factors for causing EDS.

4. Discussion

In the present study, we identified factors relatétth EDS in school children by use of a
guestionnaire, blood sampling, and acoustic rhitomand we then ranked the importance
of these different factors. The major results vibedt low 25(OH)R level, lack of exercise,
and high BMI were the most important factors cdntting to EDS, of which low 25(OH)D

level was the strongest factor.
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Vitamin D deficiency may contribute to symptomsstdepiess by upregulating known sleep-
regulating substances, such as GNE#4] and NkB [25], which function as master switches
for inflammation and trigger the cellular inflamroat cascade. Previous research proposed
that this mechanism explains the relationship of level of vitamin D with increased risk of
EDS [11, 12], in agreement with the present stédiditionally, vitamin D deficiency have a
strong relationship with shorter sleep duration ksg sleep efficiency after adjusting for
BMI and age, but no relationship with sleep stagesiodic limb movements, and arousal
index from polysomnography in recent study [26]taviiin D supplementation can reduce the
symptoms of EDS in patients with low levels of witia D [27]. Therefore, vitamin D level
appears to play a crucial role in predicting theesigy of EDS, and vitamin D supplements
could be used to treat school children with thisdsbon. However, we have no data from
polysomnography in present study and didn’t analyfsis relationship, so future studies are
required to evaluate this relationship.

We found that total cholesterol and TGs had ndigeiahip with EDS, although a low HDL-
C level was associated with EDS. A previous stugiyanstrated that the rate of
hypertriglyceridemia and low LDL-C was significanthore common in adults with EDS
and severe obstructive sleep apnea syndrome,rtteanon-EDS group [28]. To our best
knowledge, the present study is the first to reparassociation between EDS and lipid
profile in school children. Further studies aredezkto verify the negative effects low HDL-
C level on EDS in this population.

Exercise has a strong inverse association withighe®,30], and previous research
indicated that individuals who regularly performadysical exercise had a lower prevalence

of EDS, possibly because regular exercise hasrdtaimmatory effects, in that it alters
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cytokine responses may thereby prevent EDS [31/A8]itionally, some previous studies
have demonstrated that EDS was associated withatebesity [34, 35]. Inflammatory
responses are associated with obesity and obstslgep apnea syndrome, and these
conditions are related to poor sleep quality oufficient sleep, the main manifestation of
EDS [31-35]. The reason for the close relationsbigsDS, physical exercise, and BMI may
be that the physical exercise leads to physiolbgidaptations that increase slow-wave sleep
time and decrease fluid accumulation, the systemiimmatory response, and body weight
gain.

Previous research reported that EDS was more conamamg females who are adolescents
and adults, but there was no gender difference grobiidren [36, 37] in agreement with the
present study. Children in mid-puberty have inceddsvels of gonadal hormones, and this
could disrupt sleep patterns and the circadiark¢land then lead to EDS [37]. Thus, our
results indicated that girls with a higher Tanrtage (after adjustment for confounding
factors) was associated with EDS in agreement prighrious studies which reported a
female- preponderance of EDS at mid-puberty [3@\wENer, we found that a higher Tanner
stage in boys was also associated with EDS, ewmrgththe boys in this study (10 to 12
year-old), were some pre-pubertal boys. We woldel o explain that our results are not the
only proof of the statistical significance of asstion between EDS and puberty. Thus,
further research is warranted to examine the oelatiip between EDS and puberty and the
underlying mechanisms.

We found that the presence of an allergic diseaske as asthma or AR or urticaria, is
associated with EDS, in agreement with previoudist[6, 10]. The nocturnal symptoms of

asthma or AR can interrupt sleep, lead to fragneenighttime sleep, and may therefore

14



cause EDS. Additionally, chronic cough maybe asdediwith asthma and AR in school
children, because almost 70% of children with cle@ough use asthma medications [37]. In
agreement, we found that chronic cough was pogitagsociated with EDS. Itching from
urticaria could lead to fragmented nighttime slesp] this could also explain our finding of a
positive relationship of urticaria with EDS. Howeyenfortunately, no previous studies have
examined the association between EDS and urticaria.

Also, we found that EDS had associations with sshemvironmental factors (TCB, mold
exposure, secondary smoking, and ventilation tygred,the overall prevalence of EDS in the
present study was 18.0%. Some previous studiestegban association of smoking and EDS
in adults [39] but our identification of these atldfect factors is a novel finding. Notably,
the prevalence of EDS in the present study is amtilat from a questionnaire-based study
(17% to 21% of school-aged children and adoles¢ @3, but lower than another previous
study (25% to 40% of children and adolescents) [4].

There are several limitations to the present sthidgt, the sample size of the control group
was much larger than that of the EDS group. Secaad;ould not directly measure daytime
sleepiness and daytime napping. Unfortunately wWendi assess sleepiness defined by the
PDSS, but inferred it presence indirectly basedifierences in weekday and weekend sleep
durations. Third, this study was a cross-sectianalysis that used questionnaires, so there is
a possibility of recall bias by the parents regagdsleep time of their children. Additionally,
this investigation was conducting during a 2 mgeehod (June to July 2017) and we only
examined school children who lived in a single pmoe in Korea. Therefore, our findings
may not be applicable to other seasons and geagreggions. We need further studies in

other areas of Korea to verify the findings preedritere.
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Nevertheless, the strengths of the present stuethat we analyzed data from blood
sampling and acoustic rhinometry. Also, the questaire comprehensively examined, the
impact of various and environmental factors on EQ&h as TCB, mold exposure,
secondary smoking, and ventilation type. Thus kentirevious studies of this topic, we were
able to rank the relative importance of differeadtors on EDS in school children.

Our study indicated that school children with higfamin D levels and those who performed
more exercise were less likely to have EDS, busehesho were obese, had allergies, and had
a more advanced Tanner stage were more likelywe B®S. Certain environmental factors
also affected the probability of EDS in school drein. Strategies to prevent EDS in school

children should focus on the modifiable factorsiifeed here.
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Table 1. Demographic and clinical characteristics fochildren in the control and EDS groups

(n=618).
Healthy Controls Excessive daytime sleepiness P_value”
(n=507) (n=111)
Demographics
Age, years 10.96+0.89 11.07+0.76 0.219
Sex, malen (%) 261 (51.5) 55 (49.5) 0.713
BMI zscore -0.04+1.03 -0.01+1.00 0.780
Weight status,  n (%) 0.169
Obese 31 (6.1) 5 (4.5)
Overweight 48 (9.5) 17 (15.3)
Healthy 428 (84.4) 89 (80.2)
Birth weight, kg 3.25+0.43 3.19+0.43 0.234
Allergic disease
Asthma,n (%) 11 (2.2) 5 (4.6) 0.158
Allergic rhinitis, n (%) 277 (55.1) 69 (62.2) 0.173
Atopic dermatitis, n (%) 81 (16.3) 20 (18.2) 0.631
Laboratory findings, n (%) 393 (77.9) 92 (82.9)
Lipid profile
Total cholesterol, g/dL 168 [153 to 187] 167 [163189] 0.889
Triglycerides, g/dL 104 [77 to 143] 111 [83 to 138] 0.415
LDL-C, g/dL 98 [81 to 112] 93 [84 to 115] 0.962
HDL-C, g/dL 57 [51 to 65] 58 [48 to 65] 0.482
Vitamin D status 0.167
>30 ng/mL,n (%) 32 (8.1) 7 (7.6)
20 to 30 ng/mLn (%) 198 (50.4) 37 (40.2)
<20 ng/mL,n (%) 163 (41.5) 48 (52.2)
Hematologic profile
Hemoglobin, g/dL 13.7 (0.8) 13.5(1.2) 0.060
Iron, pg/dL 102.5 (34.8) 102.8 (37.6) 0.942
Ferritin, ng/mL 52.6 (26.8) 54.8 (33.2) 0.498
Total eosinophil count (>4%), n (%) 105 (27.5) 38.0) 0.113

Values are presented as number (%), mean + staddaration, or median [interquartile range]

BMI, body mass index; SD, standard deviation; |@®Rerquartile range; LDL-C, low-density lipoprotein



cholesterol; HDL-C, high-density lipoprotein chdk®l

" n refers to the number of completed questionnaiestopriate responses to questions in the quesiia or
appropriate blood sampling results

” P values are from g'test or Student’s test

™ Obesity was defined as a BMI z-score more than arfloverweight as a BMI z-score of 1.04 to 1.6



Table 2. PDSS score and sleep patterns of childrémthe control and EDS groups.

n* Healthy Control Excessive daytime sleepiness P value

PDSS 618 9.86+3.87 19.1%+2.08
Bed time, o'clock (pm) 381 11:00£0:52 11:340:57 <0.001
Bed time, n (%) 618 507 111 <0.001

Before midnight 461 (90.9) 85 (76.6)

After midnight 46 (9.1) 26 (23.4)
Wake time, o'clock (am) 612 7:33£0:27 7:4%0:25 <0.001
Sleep duration, (hour) 377 8.58+0.88 8.25+0.98 0.006

Values are presented as number (%) or mean * sthddaiation

PDSS, pediatric daytime sleepiness score

" Number of completed questionnaires or appropriggpanses to questions in the questionnaire
Numbers in bold indicate a significant differenBe<0.05)



Table 3. Association of age, gender, and body magslex with sleep duration and PDSS score.

Sleep duration PDSS score
B (95% CI) P value B (SE) P value
Age -0.029 ¢0.041 t0-0.016) <0.001 0.032 (0.011 to 0.076) 0.147
BMI zscore —-0.015 ¢0.026 to—0.003) <0.015 —-0.016 £0.053 to 0.022) 0.415
Mean (95% CI) P value” Mean (95% CI) P value”
Gender
Boy 8.63 (8.52 t0 8.75) 11.40 (10.84 to 11.95)
. 0.010 0.534
Girl 8.40 (8.25 t0 8.54) 11.65 (11.06 to 12.25)

BMI, body mass index;, coefficient; SE, standard error; 95% ClI, 95% aderice interval; PDSS, Pediatric Daytime SleepiiSzse

" P values are from a generalized linear regressiatysis with gamma function
” P values are from Student’s t test
Numbers in bold indicate a significant differenBe<0.05)



Table 4. Association of hematological parametersipid parameters, and 25(OH)0} level with excessive daytime sleepiness

Total Control EDS P value aOR (95% CI) P value

Hemoglobin, n (%) >12 g/dL 461 374 (81.1) 87 (18.9) 0.592 ref

<12 g/dL 10 8 (80.0) 2 (20.0) 1.22 (0.25t05.96)  .80F
Serum-ferritin, n (%) >25 ng/mL 427 345 (80.8) 82 (19.2) 0.970 ref

<25 ng/mL 58 48 (82.8) 10 (17.2) 0.89(0.42t0).88 0.765
Serum-iron, n (%) > 60 ug/mL 440 357 (81.1) 83 (18.9) 0.853 ref

<60 ug/mL 45 36 (82.0) 9 (20.0) 1.11 (0.51to 2.44) 0.789
Total eosinophil count, n (%) <4% 334 277 (82.9) 57 (17.1) 0.113 ref

>4% 137 105 (76.6) 32 (23.4) 1.40 (0.83 to 2.37) 218.
25(0OH)DB;, n (%) >20 ng/mL 211 163 (77.3) 48 (22.7) 0.064 ref

<20 ng/mL 274 230 (83.9) 44 (16.1) 1.73 (1.06 to 2.81) 0.028
Total cholesterol, n (%) <170 mg/dL 253 204 (80.6) 49 (19.4) 0.924 ref

170-199 mg/dL 168 136 (81.0) 32 (19.0) 1.07 (ac64.78) 0.801

>200 mg/dL 64 53 (82.8) 11 (17.2) 0.92 (0.44 t8)..9 0.824
HDL-C, n (%) >45 mg/dL 422 348 (82.5) 74 (17.5) 0.045 ref

40-45 mg/dL 42 32 (76.2) 10 (23.8) 1.73 (0.78 to 3.85) 0.182

<40 mg/dL 21 13 (61.9) 8(38.1) 2.84 (1.05 to 7.68) 0.039
LDL-C, n (%) <110 mg/dL 336 274 (81.5) 62 (18.5) 0.830 ref

110-130 mg/dL 104 84 (80.8) 20 (19.2) 1.11 (062.97) 0.731

>130 mg/dL 45 35 (77.8) 10 (22.2) 1.15 (0.53 &2 0.722
Triglyceride, n (%) <90 mg/dL 187 157 (84.0) 30 (16.0) 0.089 ref



90-130 mg/dL 149 112 (75.2) 37 (24.8) 1.68 (Q®3.96) 0.075
>130 mg/dL 149 124 (83.2) 25 (16.8) 1.07 (0.58.87) 0.834

aOR, adjusted odd ratios; Cl, confidence inter2d(OH)D; 25-hydroxyvitamin; LDL-C, low-density lipoprotein cholesterol; HDL;Gigh-density
lipoprotein cholesterol

"P values calculated by generalized linear regresatmalysis with logit function after adjustment fage, gender, BMI z score, secondary smoking, and
exposure to mold odors

Numbers in bold indicate a significant differenBe<0.05)
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Figure 1. Factorssignificantly associated with PDSS score (P < 0.05).
Red line: positive correlation; blue line: negative correlation; top row: life style and diet; right column:
environmental factors; bottom row: allergy-related factors; left column: other factors
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Figure 2. Random forest analysis of the importance of different variables on PDSS scorein children.
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+ Study examined 618children who were 10 to 12 year-old and 111 children (18%) were
excessive daytime sleepiness (EDS).
» Low 25-hydroxyvitaminD3 (25(OH)D3) level, lack of exercise, and high body mass index

were the most important factors contributing to EDS.

» High levels of 25-(OH)D3 and performing regular exercise decreased the risk of EDS.
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