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Abstract

Background: Sleep is crucial for survival. Sleep deprivation causes ROS accumulation and, consequently, oxidative
stress. The goal of the study was to evaluate gingival crevicular fluid (GCF) levels of the oxidative stress status hydro-
gen peroxide (H,0,), superoxide glutathione (GSH), and cellular oxidative damage marker malondialdehyde (MDA) in
school-aged children and teenagers with insufficient sleep.

Methods: This study investigated sleep duration in 80 participants from two different developmental stages: school-
aged children (613 years) and teenagers (14-17 years). GCF samples were obtained from all individuals, and samples
were investigated to detect H,0,, GSH, and MDA levels using the micro method.

Results: Results reveal that GCF MDA and H,0O, in school-age children and teenagers with insufficient sleep were sig-
nificantly higher than in children with sufficient sleep. GCF GSH with insufficient sleep was insignificantly lower than
in children with sufficient sleep. There was no significant difference between school-age and teenage populations.

sleep is essential for maintaining redox balance.

glutathione

Conclusion: Sleep deprivation causes increased levels of oxidative stress in gingival crevicular fluid, and adequate

Keywords: Oxidative stress, Insufficient sleep, Gingival crevicular fluid, Reactive oxygen species, Superoxide

Background

Insufficient sleep leads to dysfunction of cognition,
immunity, metabolism, and circulatory systems [1-4].
Numerous studies have linked sleep deprivation to seri-
ous health problems [5, 6], and sleep restriction can cause
premature mortality in model organisms, including rats,
flies, and dogs [7, 8]. Adequate sleep in early life devel-
opment is necessary for normal brain function, as the
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brain maturation of children and adolescents occurs at a
critical time after birth [9]. Sufficient sleep duration is the
basis for children’s sleep health. Sleep deprivation could
harm academic performance and increase the risk of cog-
nitive deficits and mood disorders [10, 11]. Concerning
studies of diseases associated with sleep and dental prac-
tice, Wieczorek et al. concluded that sleep duration is not
linked to sleep bruxism [12]. Smardz et al. concluded that
there was no statistically significant correlation between
the intensity of sleep bruxism and stress, but also stated
that the effect of psycho-emotional state on the severity
of sleep bruxism needs to be further explored [13]. Yatani
et al. reported a significant association between sleep dis-
turbance and painful TMD [14].
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Low and medium levels of reactive nitrogen (RNS)
and reactive oxygen species (ROS) play essential roles in
performing different cellular functions and are essential
for optimal cell health [9]. When RNS or ROS exceeds
the antioxidant capacity of cells, oxidative stress will
occur, resulting in cellular damage by oxidizing lipids,
proteins, and DNA [15]. ROS produced in the body
mainly include hydroxyl radicals (OH), superoxide radi-
cals (O,7), hydrogen peroxide (H,O,), singlet oxygen,
and lipid hydroperoxides [16]. One proposed function
of sleep is to supply the brain with antioxidants, which
may be an adaptive response to sleep deprivation, which
may cause oxidative stress [17]. Animal models have also
revealed a relationship between oxidative stress and sleep
deprivation [18]. An animal experiment has shown that
insufficient sleep can lead to death by accumulating reac-
tive oxygen species in the gut [19]. Human blood tran-
scriptome analysis revealed that the biological processes
encoded by sleep restriction genes are most affected by
oxidative stress responses and cellular responses to reac-
tive oxygen species [20].

So far, the previous research on the harmful effects of
sleep loss on organs has focused on the main large organs
of organisms as the heart and brain [21], and there is a
lack of research on the effects on the oral environment.
Whether oxidative stress caused by sleep deprivation
causes elevated ROS in the oral environment. Previous
studies of redox state in the oral environment have focused
on saliva [22, 23]. Researchers are increasingly focusing
on GCF as a diagnostic tool for analyzing oral diseases
and treatment outcomes. GCF is exposed to fewer oral
environmental stressors than saliva, which results in GCF
being a peculiar oral fluid (plasma exudate). GCF is a suit-
able oral matrix for noninvasive sampling in this assay [24].

Due to the biochemical instability of ROS, it is diffi-
cult to direct measurements and quantify their content.
Nevertheless, ROS-induced tissue destruction can be
assessed by analyzing markers of oxidative stress, such
as changes in antioxidant enzyme activities [25]. Glu-
tathione system (GSH) are among the most important
members of the antioxidant defense system and is used
to assess the antioxidant capacity of an organism [21].
H,0, and superoxide have been the research focus on
ROS biology in recent years. Superoxide is easily and rap-
idly converted into H,O, in cells, so that we will measure
H,0, as the primary ROS member [26]. Malondialde-
hyde (MDA) is a biomarker of oxidative stress injury in
tissues [23, 27]. We hypothesized that insufficient sleep’s
oxidative stress state in the body might affect GCF oxi-
dative stress levels. Therefore, this study aimed to detect
crevicular fluid oxidative stress levels among school-aged
children and teenagers with insufficient sleep and to
investigate the correlation with oxidative stress in vivo.
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Table 1 Participant'recruited criteria

The inclusion criteria (i) Participants with no systemic diseases or treat-

ments
(i) Reliable and cooperative patients

(iii) 6-17 years old (school-aged children/teenag-
ers)

(iv)Subjects with insufficient sleep (sleep duration
of fewer than 7 h) and sufficient sleep (sleep
duration of more than 7 h)

(v)No smoking history
(vi) No obesity

The exclusion criteria (i) Addictive participants on alcohol/ cigarettes/

drug/

(i) Obesity

(i) ongoing orthodontic treatment

(iv) Unreliable and uncooperative patients

Methods

Patients

Eighty participants were recruited from the Department
of Nanjing Stomatological Hospital in China for one year,
from September 2021 to August 2022. The study has
obtained ethical clearance from the Nanjing Stomatologi-
cal Hospital Institutional Ethics Committee (Approval N.
NJSH-2021NL-91). The individuals were introduced to
the purpose of the research and planned procedures, and
written consent was taken from each subject. This study
used a cross-sectional study and convenience sampling
method. We used a questionnaire to collect informa-
tion on gender, age, sleep duration, tooth brushing time,
and the number of times. A single operator examined
all participants’ basic periodontal parameters, including
plaque, debris and calculus index, which were assessed
and recorded. Moreover, gingival crevicular fluid samples
were collected from each patient for subsequent detec-
tion of oxidative stress levels. The inclusion and exclusion
criteria are shown in Table 1.

Study design

Participants were divided into two groups accord-
ing to their age. Participants’ daily sleep duration was
recorded for a week, including weekday and weekend
sleep duration [28]. The National Sleep Foundation
(NSF) consensus report states that nine to eleven hours
is recommended for school-aged children aged 6-13.
In comparison, eight to ten hours is suggested for those
teenagers aged 14 to 17 years. Sleep duration of fewer
than 7 h was defined as insufficient sleep [29]. All par-
ticipants in the study were evaluated for the basic peri-
odontal parameter, the whole-mouth plaque index (PI)
(excluding third molars), and the OHI-S index (simplified
oral hygiene index) [30, 31]. Oral hygiene maintenance,
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such as tooth brushing time and times, was also recorded
for all participants.

Collection of gingival crevicular fluid

Maxillary incisors were selected to collect GCF samples
from each participant. Supragingival plaque on the tooth
surface was removed before sampling. The tooth surface
was dried and cotton rolls were moisture-barrier saliva
to facilitate collection of GCFs. GCF sampling was col-
lected with absorbent paper points (Gapadent, China).
Carefully insert the paper points into the hole and let it
sit for 30 s to avoid mechanical damage. It was discarded
if the GCF collection filter strips were contaminated with
blood. The paper points with GCF were immediately
immersed in sterile polypropylene tubes with 500uL of
phosphate-buffered saline (PBS, pH 7.2). The samples
were stored at — 80 °C until analyzed. All samples were
collected in triplicate.

Measurement of oxidative stress markers in GCF

The samples were thawed at room temperature and
eluted using centrifugation at 10,000 x g for 10 min before
removing the Periopaper strips [32]. Supernatants were
used to determine oxidative stress levels using a commer-
cially available kit (Solarbio, China).

Malondialdehyde measurements

MDA can be condensed with thiobarbituric acid (TBA)
to generate a brownish-red trimethyloxazole-2,4-dione
with a maximum absorption wavelength of 532 nm. Esti-
mates the amount of MDA in a sample after performing
colorimetry. Results expressed as nmol/ml.

Glutathione measurements

Glutathione can react with DTNB to produce TNB and
glutathione disulfide. TNB is a yellow product with
maximum light absorption at 412 nm. Its absorbance is
directly proportional to GSH content. Results expressed
as pg/ml.

Hydrogen peroxide measurements

H,0O, and titanium sulfate produce yellow titanium per-
oxide complex with characteristic absorption at 415 nm.
Results expressed as pmol/ml.

Statistical analysis

The sample size used G*Power software to calculated
with an effect size of 0.4. In each group, 13 participants
were required to have 80% chance (beta error) of detect-
ing a significant difference (two-sided 5% level). The nor-
mality of data distribution uses the Shapiro—Wilk test to
assess. Continuous data were summarized as mean % SD.
Compare the continuous data variance using the two-way
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analysis between the two groups. Data were analyzed by
SPSS 25.0 software package. Values of p<0.05 were con-
sidered statistically significant.

Results

We illustrate the analyzed study groups’ demographic
characteristics, sleep duration, and baseline peri-
odontal parameters. The average age of all subjects was
12.98 £2.74 years old, and there was no significant differ-
ence in age between groups. There were 36 males (45%)
and 44 females (55%), and there was no significant differ-
ence in gender between groups. The mean sleep duration
of school-aged children and teenagers was 7.02+1.21 h.
In the school-aged children Group, the mean sleep dura-
tion was 8.25+0.68 h in the sufficient sleep group and
6.32+£0.24 h in the insufficient sleep group. The mean
sleep duration was significantly lower in the insufficient
sleep group than in the sufficient sleep group (p<0.01).
In the teenager Group, the mean sleep duration was
7.7+1.11 h in the sufficient sleep group and 5.8 +£0.47 h
in the insufficient sleep group, and the difference was
statistically significant (p<0.01). Periodontal baseline
parameters and oral hygiene practices were not statisti-
cally different (Table 2).

Gingival crevicular fluid oxidative stress markers

Among school-aged children, the sleep-deprived group
showed higher H,O, levels, significantly different from
the sleep-sufficient group (P<0.01). H,O, levels were
highest in the sleep deprivation group among the ado-
lescent population, significantly different from H,O,
levels in the sleep sufficiency group (P<0.01). Sleep
duration significantly affected H,O, levels (p<0.01).
However, the effect of age on H,0, levels was no signif-
icant difference (p=0.61), and the interaction between
sleep duration and age had no significant difference on
H,0, levels (p =0.83) (Tables 3 and 4).

GSH levels were below in the school-aged children
with sleep deprivation than in the sleep sufficiency
group; however, the data were not significantly differ-
ence (p=0.83). GSH levels were lowest in the adoles-
cent with sleep deprivation; however, the data were not
significantly different (p =0.42). Sleep duration had no
significant effect on GSH levels (p=0.47). Age also had
no significant effect on GSH levels (p =0.88). The inter-
action between sleep duration and age was no signifi-
cant difference in GSH levels (p =0.68) (Tables 3 and 5).

The sleep-deprived school-aged children showed
higher MDA levels. Compared with the sufficient
sleep group, the difference was statistically significant
(p=0.01). MDA levels were higher in the teenager’s
sleep-deprived group; the difference was statistically
significant compared with the sufficient sleep group
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Table 2 Descriptive data for the study participants
Parameters All cases (n=280) School aged children Group (n=40) Teenagers Group (n=40)
Sufficient Insufficient p-Value Sufficient Insufficient p-Value
sleep (n=20) sleep (n=20) sleep (n=20) sleep (h=20)
Age (years), mean +SD 1298+2.74 10.75+2.0 10.8+£2.12 0.939° 1525+ 1.16 15.10+£0.97 0.66°
(min—-max) 6-17) (7-13) (6-13) (14-17) (14-17)
Gender
Male n (%) 36 (45%) 8 (40%) 9 (45%) 1P 10 (50%) 9 (45%) 10
Female n (%) 44 (55%) 12 (60%) 11 (55%) 10 (50%) 11 (55%)
Sleep duration, 7.02+£1.21 8.25+0.68 6.32+0.24 <0.01° 77+1.11 584047 <0.01°
Mean £ SD
Pl 1.13+£017 1.014+0.15 1.08+0.16 0.135° 1.194+0.12 1.23+£0.13 0.372°
OHI-S 329+1.66 235+1.69 29+137 0.266° 3.60+1.60 430£1.34 0.142°
Number of tooth brushing 25840.61 2554069 26+£06 0.807° 25+0.69 2654049 0432°
Brushing time 3141061 3.1£079 30£073 0.679° 3254044 324041 0.714°

SD—standard deviation; ? Student’s t-test; ® Correction for continuity

Table 3 Intergroup comparison of sleep duration and oxidative stress level parameters (independent samples test)

Groups Parameters N H,0, (umol/mL) GSH (ug/mL) MDA (nmol/mL)
Mean +SD P Mean +SD P Mean +SD P
School-aged children Sufficient sleep 20 0.29+0.11 <0.01%* 2547277 0.827 0.16+£0.02 0.013*
Insufficient sleep 20 057+£0.19 24624269 0.26£0.03
Teenagers Sufficient sleep 20 031£0.12 <0.01%* 26.20+2.84 0419 0.18+£0.03 0.027*
Insufficient sleep 20 0.5840.15 23.09+£2.53 0.28+£0.03

*p<0.05, **p<0.01

Table 4 Effect of sleep duration and age group on H,0, levels
(two-way ANOVA)

Table 5 Effect of sleep duration and age group on GSH levels
(two -way ANOVA)

Parameters DF SS MS F P Parameters DF SS MS F P

Age 1 0.006 0.006 0.26 0.61 Age 1 3.20 3.20 0.02 0.88
Sleep duration 1 1.55 1.55 7257 <001*  sleep duration 1 7853 7853 0.53 047
Age* Sleep duration 1 0.001 0.001 0.05 0.83 Age* Sleep duration 1 2547 2547 0.17 0.68

*p<0.05

(p=0.03). Sleep duration had a significant effect on
MDA level (p<0.01), but age had no significant effect
on MDA level (p=0.56). The interaction between
sleep duration and age had no significant effect on
MDA level (p=0.9) (Tables 3 and 6).

Table 6 Effect of sleep duration and age group on MDA levels
(two -way ANOVA)

Parameters DF SS MS F P
Age 1 0.005 0.005 0.34 0.56
sleep duration 1 0.19 0.19 12.05 0.001*

Age* Sleep duration 1 0.0002 0.0002 0.02 0.90

*p<0.05
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Discussion

It’s important to note that the National Sleep Founda-
tion stresses that some people may be able to sleep longer
or less than recommended without ill effects. However,
those who sleep much shorter than the average long-
term may develop serious health problems and well-
being [29]. Animal models of chronic sleep deprivation
suggest increased oxidative stress and free radical pro-
duction [33]. Obstructive sleep apnea (OSA) is a frequent
sleep disorder. Mukherjee et al. have demonstrated that
genetic factors directly impact OSA susceptibility [34].
Wieckiewicz et al. showed that the HTR2A rs2770304
polymorphism might be associated with an association
between bruxism (SB) and OSA [35]. The purpose of the
study was to detect the levels of oxidative stress markers,
H,0,, GSH, and MDA, in school-aged children and teen-
agers with insufficient sleep and compare the oxidative
stress level severity within two groups of the population.

The Centers for Disease Control and Prevention (CDC)
survey data show that more than half of children do not
get enough sleep during school [36]. Insufficient sleep
also exists in Chinese children [37]. Accumulating evi-
dence suggests that sleep loss in pediatric populations
has a significant harm impact and that a reduction in
sleep duration impairs emotional functioning and cogni-
tive in developing children [38, 39]. Studies have shown
that even a few days of moderate sleep restriction can
impair mood and cognitive function [40]. Children may
not recover from sleep restriction as quickly as adults
[41]. Therefore, the subjects of this study focused on chil-
dren and adolescents. The National Sleep Foundation
recommends less than 7 h as a non-recommended sleep
duration for school-aged children and teenagers, so we
divide adequate sleep and lack of sleep by 7 h [29].

Free radicals are involved in many normal biological
processes. High concentrations of free radicals may cause
tissue damage. Some enzymatic antioxidants, such as
reduced glutathione (GSH), protect tissues from oxida-
tive damage caused by free radicals generated by various
metabolic events [42]. Glutathione is considered a major
free radical scavenger, reflecting the extent to which tis-
sues are challenged by oxidation stress [21]. Lipids are
one of the most damaging components of ROS to cells.
Oxidative stress caused by redox imbalance leads to lipid
peroxidation [43]. Malondialdehyde (MDA) is a com-
monly used indicator to measure oxidative lipid damage
caused by free radicals [39]. It has been shown that serum
MDA levels are increased in systemic diseases such as
tuberculosis [44]. Oxygenated derivatives vary widely
in reactivity and half-life. H,O, is one of the organisms’
most common reactive oxygen species molecules and a
significant signal for mitochondrial ROS. In addition, it
is a relatively weak oxidant but rather stable to facilitate
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detection [45]. Therefore, we selected GSH, MDA, and
H,0, as test indicators in this study.

Periodontal disease has been reported to affect general
health and increase the risk of cardiovascular disease,
diabetes and other diseases [46, 47]. It has also been sug-
gested that P gingivalis in periodontal pockets may not
significantly affect the deterioration of the heart valve
[48]. Bialowsas et al. concluded that periodontal therapy
seems to have a salutary effect on the activity of rheuma-
toid arthritis [49]. Prosthetics in the mouth also affects
GCF contents. Heboyan et al. concluded that polymor-
phonuclear neutrophils (PMNs) in GCF after repair with
different fixed restorations significantly differed from
before repair [50]. GCFs are biological fluids in the gin-
gival sulcus, derived from plasma. They are defined as
transudate or exudate [51]. Therefore, disease diagnosis
by analysis of GCF is convenient for individuals. At the
same time, GCF is known to be an essential diagnostic
material and, unless invasive, contains host cell products
(cytokines, antibodies, enzymes), plasma-derived mole-
cules, subgingival microbial products, and tissue destruc-
tion products [52]. Téthova et al. suggested that higher
oxidative stress and lower antioxidant status could be
detected in saliva, plasma, and GCF of patients with peri-
odontitis [53]. The physiology of GCF may be influenced
by gingival inflammation, orthodontic activation, general
health, and individual differences. Herein, we strictly fol-
lowed the inclusion and exclusion criteria (excluding
possible interfering factors such as ongoing orthodontic
treatment and history of systemic diseases individual),
and selected a large sample size. Previous studies have
not focused on the effects of sleep deprivation on oxida-
tive stress in GCE, and this study is innovative. It helps
identify the harm of sleep deprivation to local oral tissues
and endangering large organs. Although sleep depriva-
tion is not a causative factor in periodontal tissue inflam-
mation, it may become a risk factor and aggravate the
present inflammation.

The results showed that the levels of MDA and H,0,
in teenagers and school-aged children with insufficient
sleep were significantly higher than in sufficient sleep.
These results suggest that sleep deprivation increases
the production of oxidative stress products in the gin-
gival crevicular fluid. GSH levels were below in the
insufficient sleep group compared to in the sleep suf-
ficiency group. These results indicate that the anti-
oxidant strength of gingival crevicular fluid is relatively
weakened during sleep deprivation. Sleep deprivation
may cause oxidative/antioxidant imbalance and oxida-
tive stress in gingival crevicular fluid. Still, there was
no significant difference between different populations.
The study reveals that insufficient sleep can induce oxi-
dative stress in the gingival crevicular fluid by directly
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decreasing antioxidant levels and increasing free radical
production, such as glutathione. To some extent, insuf-
ficient sleep may prevent the occurrence of processes
that normally occur during sleep. The statistical results
of plaque index showed no difference, suggesting that
the difference in oxidative stress level in the gingival
crevicular fluid was influenced by sleep duration. It may
further aggravate oxidative stress levels in the gingival
crevicular fluid of patients with periodontal tissue dis-
ease, aggravating inflammatory conditions. Literature
suggests a direct link between chronic periodontitis and
levels of oxidative stress-related biomarkers in GCF [52].
Wadie et al. concluded that the severity of periodontitis
is related to the expression of cytokines such as TGF-
and vimentin [54].

This study has some limitations. A limitation of this
study is the limited age span of the study population, and
adults and older adults with insufficient sleep were not
included in the study. If this population is included, the
effect of elevated ROS in GCF on periodontal inflamma-
tion can be observed. Second, this survey was cross-sec-
tional and the causal relationship between sleep duration
and gingival crevice fluid oxidative stress in school-age
and adolescents cannot be determined, which still needs
to be further verified by prospective cohort studies.

Conclusion

Sleep deprivation affects general health, and oral health
is also essential. We analyzed oxidative stress biomarkers
in gingival crevicular fluid in sufficient sleep versus insuf-
ficient sleep groups in a pediatric and adolescent popu-
lation, and MDA, H,0,, and GSH were good oxidative
stress markers. Our study suggests that sleep deprivation
increases oxidative stress markers in gingival crevicular
fluid and impacts oral redox balance. However, no asso-
ciation was found between age stage and oxidative stress
levels in gingival crevicular fluid.
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