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Abstract

Background: Obstructive sleep apnea-hypopnea syndrome (OSAHS) can impact multiple organ systems in children.

Objectives: To investigate the effects of OSAHS on T-lymphocyte subgroups and natural killer (NK) cell activity in the peripheral
blood of affected children.

Methods: A total of 85 children with OSAHS were enrolled into an experimental group (OSAHS) and 76 healthy children were placed
in a control group (CON) to compare peripheral blood levels of CD3+, CD4+, CD8+, and NK cell activity using flow cytometry. Mean-
while, their polysomnography results were monitored to analyze the correlation between T-lymphocyte subgroups/NK cell activity
and lowest pulse oxygen saturation (LSaO2)/apnea-hypopnea index (AHI).

Results: Compared to the CON group, the CD3+ percentage in the OSAHS group showed no significant difference (65.98 4= 6.54 vs
64.36 1 5.32; P> 0.05), but the CD4+ percentage, CD4+/CD8+ ratio, and NK cell activity decreased markedly (33.52 & 3.04 vs 35.26 £
3.68,1.29 & 0.14 vs 1.43 = 0.26, and 11.47 & 4.58 vs 12.69 = 2.36, respectively; P < 0.05). In addition, the CD8+ percentage increased
significantly (26.18 4- 4.76 vs 24.36 £ 2.32; P< 0.05). Linear regression analysis indicated that the CD3+ percentage was not related to
LSa0,/AHI (P> 0.05), but the CD4+ and CD8+ percentages, CD4+/CD8+ ratio, and NK cell activity were linearly related to LSaO, and
AHI (P< 0.05).

Conclusions: OSAHS can affect the cellular immunity of children. The AHI and LSaO2 may be involved in cellular immunity function.
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1. Background

The third edition of the International Classification
of Sleep Disorders separates sleep-related apnea into ob-
structive sleep apnea (OSA) syndrome, central sleep apnea
syndrome, sleep-related hypoxia, and sleep-related hypox-
emia (1). Obstructive sleep apnea-hypopnea syndrome (OS-
AHS) tends to impact preschool children (2), possibly be-
cause children at this age are in the productive period of
tonsil and adenoid hyperplasia, which occupies a signif-
icant amount of space in the upper respiratory tract (3).
Children in this developmental stage may restore their
physical strength via good sleep, thus promoting intel-
ligence and growth. Children with OSAHS may repeat-
edly suffer from hypoxia and hypercapnia due to frequent
apnea and hypopnea during sleep, resulting in potential
damage to multiple organsystems as well as the immune
function of the body. Adenoid and tonsil hypertrophy is

the main cause of OSAHS in children. Thus, removal of the
adenoids and tonsils is an effective treatment method for
children with OSAHS. However, adenoids and tonsils play
importantroles in childhood immune defense, so the pros
and cons of actively treating OSAHS has become the focus
of many researchers and parents (4-8).

T-lymphocytes are a large cell population with impor-
tant regulatory functions in the body’s immune system.
The total and subpopulation numbers are important indi-
cators for the evaluation of cellular immune function (9).
Each T-lymphocyte subset interacts to maintain the bal-
ance of immune function. At present, it is believed that one
of the more reliable methods for understanding the cellu-
lar immune status of the body is to analyze T-lymphocyte
subset changes in peripheral blood. The most common
method for classifying T-lymphocyte subsets is to separate
them into different functional subpopulations based on
cell surface markers using monoclonal antibodies. Ma-
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ture T-lymphocytes express CD3+molecules on the surface,
and mature T-lymphocytes are divided into two subgroups
(CD4+ T cells and CD8+ T cells) according to their surface
markers. CD4+T cells are T helper cells,and CD8+T cells are
Tsuppressor cells. These two cell types interact to maintain
the stability of the body’s immune function (10). Monitor-
ing of T helper cells and T suppressor cells can determine
whether the functional status of the human immune sys-
tem is normal.

Natural killer (NK) cells play immunological surveil-
lance and regulation roles in the body, providing a natu-
ral defense against pathogens and serving as an important
evaluation index for non-specific immunity (11). Detecting
T-lymphocyte subsets and NK cell activity can also help to
clarify the status of the body’s immune system function.

Although some scholars (12) have found that OSAHS ex-
erts certain impacts on the immune function of children,
the evidence remains inconclusive. Many researchers be-
lieve that these patients may have varying degrees of im-
mune decline. To investigate the effects of OSAHS on the
immune function of children, we detected the respective
percentages of T-lymphocyte subsets (CD3+, CD4+, and
CD8+) and NK cell activity in the peripheral blood of 85
children with OSAHS admitted to our department from De-
cember 2015 to December 2018. The relationship between
immune function and the course/severity of the disease
was analyzed in order to objectively evaluate the humoral
immune function of children with OSAHS and provide a
reference for whether the clinical treatment of this disease
is active.

2. Methods

2.1. Subjects

OSAHS group: From December 2015 to December 2018,
a total of 85 children with OSAHS were hospitalized in our
department for snoring during night time sleep and open
mouth breathing, including 57 boys and 28 girls aged 3 -
10 years with a mean age of 5.7 years. The children were
divided into three subgroups according to the severity of
the syndrome, namely a mild syndrome subgroup (MID,
33 cases), a moderate syndrome subgroup (MOD, 27 cases),
and a severe syndrome subgroup (SEV, 25 cases). Moreover,
the children were also separated into a < 3 years subgroup
(< 3,53 cases) and a > 3 years subgroup (> 3, 32 cases) ac-
cording to the duration of the disease.

2.2. Inclusion Criteria

1) All children were monitored by overnight
polysomnography (PSG). An obstructive apnea index
(OAI) > 1 time/h or apnea hypopnea index (AHI) > 5

times/h was defined as ‘abnormal’. Minimum arterial
oxygen saturation (LSaO,) of less than 92% was defined
as ‘hypoxemia’. Any child who met the above two criteria
was diagnosed with OSAHS. Classification of OSAHS was
performed as follows: MID (AHI 5 - 10 times/h or OAI'1-5
times/h, LSa02 85-91%), MOD (10 times/h < HI < 20 times/h
or 5 times/h <OAI < 10 times/h, LSa0, 75 - 84%), and SEV
(AHI> 20 times/h or OAI > 10 times/h, LSa0O, < 75%).

2) All children with OSAHS underwent lateral nasopha-
ryngeal radiography or electronic nasopharyngoscopy,
which suggested that the bilateral tonsils were in grade II
to III. The adenoids were hypertrophied and blocked more
than half of the nostrils, so OSAHS was determined to be
caused by adenoid hyperplasia and/or tonsil hypertrophy.
Among them, 14 cases were of simple tonsil hypertrophy,
10 cases were of simple adenoid hypertrophy, and 61 cases
were of tonsil-adenoid hypertrophy.

3) There were no abnormalities in the birth, feeding,
and growth histories of any children diagnosed with OS-
AHS.

2.3. Exclusion Criteria

1) A history of recent or repeated upper respiratory
tract infections.

2) Abnormalities in the congenital anatomy, such as th
emouth, nose, or pharynx, that affect ventilation.

3) A history of allergic rhinitis, asthma, or other dis-
eases that affect immune function.

4) A history of chronic diseases in important organs,
such as the heart, brain, or kidneys.

CON group: At the same time, a total of 76 healthy chil-
dren without related or systemic diseases were enrolled in
our hospital, including 54 boys and 22 girls aged 3-10 years
with an average age of 6.8 years. The selected cases had
no history of cold four weeks prior to the study; no his-
tory of allergic rhinitis, asthma, or other diseases that af-
fectimmune function; and no history of nasal polyps, ade-
noids, tonsil hypertrophy, obesity, or other systemic dis-
eases. General examinations of the two groups (thorax X-
ray, electrocardiogram, coagulation function, blood rou-
tine, and complete biochemical analysis) were in the nor-
mal ranges. The general data, such as age, sex, and body
mass index between the two groups, are shown in Table 1.

This study was conducted in accordance with the Dec-
laration of Helsinki andapproved by the Ethics Commit-
tee of Fujian Medical University. Written informed consent
was obtained from all participants’ guardians.

2.4. Instruments and Reagents

Flow cytometer C 500 Beckman. Lymphocyte subset
detection kit CYTO-STAT tetraCHROME Beckman. Lysing So-
lution OptiLyse C Beckman.
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Table 1. Comparison of General Data Between Group OSAHS and Group CON

Gender (n) N
Group Age (y) _ BMI (kg/m*)
Boy  Girl
OSAHS 6.59 £ 1.56 57 28 1634 235
CON 7.04 £ 2.48 54 22 17.02 =+ 4.02
p? 0.183 0.732 0.131

P < 0.05, statistical significance.

2.5. Sleep Monitoring

A multi-channel sleep monitor produced by ResMed
(ApneaLink™Plus; San Diego, CA, USA) was used for at least
7h of monitoring from going to sleep at night to awak-
ening the next morning. The monitoring items included
nose and mouth airflow, chest and abdomen movement,
and oxygen saturation (SpO,). The AHI, LSpO,, and mean
blood oxygen saturation (MSpO, ) were calculated based on
the monitoring results.

2.6. Collection and Determination of Specimens

Specimen collection: In the OSAHS group, 2 mL of ve-
nous blood was collected by an assigned nurse on the
second day after admission and injected into a heparin
sodium-covered anticoagulation tube. Blood from the
CON group was collected by an outpatient nurse when fast-
ing on the day of the physical examination. The blood col-
lection time for both groups was 7:00 - 8:00 in the morn-
ing. The collected blood samples were tested for lympho-
cyte subsets by the same flow cytometer in our laboratory.

Working principle: Antibodies were selected from
the Beckman Coulter Cytolymphocyte Subgroup Reagent
CYTO-STAT CD45-FITC/CD4-RD1/ CDS8-ECD/CD3-PC5 (LOT
7536243f) and CD45-FITC/CD56-RD1/CD19-ECD/  CD3-
PC5(LOT7580190F). Different antibodies were labeled
with fluorescein. When the fluorescent antibody specif-
ically bound to the antigen molecule on the cell surface
through the antigen-antibody reaction, the cells were
stained with fluorescein. The flow cytometer focuses the
shaped laser beam to irradiate the high-speed flow cells
that have been stained and measures the intensity of
scattered light and fluorescence generated on the stained
cells for analyzing the expression of the corresponding
protein on the cell surface to achieve rapid quantitative
determination of the cells.

Experimental procedure: A flow cytometer tube was
filled with 100 uL of anticoagulated blood and 10 uL of
the corresponding antibody, vortexed, and left to stand in
darkness at room temperature for 20 min. OptiLyse C was
then added to the tube, vortexed, and left to stand at room
temperature for 10 min to lyse the red blood cells. Next,
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500 uL of phosphate-buffered saline (PBS) was added to the
tube, equilibrated at room temperature for 5 min, and cen-
trifuged for 5 min (2000 rpm/min). The supernatant was
discarded, resuspended in 500 pL of PBS, thoroughly vor-
texed and mixed, and detected by flow cytometry.

2.7. Statistical Analysis

SPSS Statistics 17.0 software (IBM SPSS, Armonk, NY,
USA) was used for data analysis. The measurement data
meeting the normal distribution were expressed as means
= standard deviations (x £ s). The t-test was used for com-
parisons between the two independent sample groups,
and the Student-Newman-Keuls test was used for pairwise
comparisons between the two groups. The chi-square test
was used to compare the count data between the two
groups with P< 0.05 considered as statistically significant.
Pearson linear correlation analysis was used for two vari-
ables with relevant trends with o = 0.05 (bilateral) as the
test level and P < 0.05 considered as statistically signifi-
cant.

3. Results

3.1. Comparison of CD3+, CD4+, CD8+, and CD4+/CD8+ Percent-
ages as Well as NK Cell Activity

Compared to the CON group, there was no significant
difference in the CD3+ percentage in the peripheral blood
of the OSAHS group (P> 0.05). However, the CD4+ percent-
age, CD4+/CD8+ ratio, and NK cell activity significantly de-
creased while the CD8+ percentage in the peripheral blood
significantly increased (P < 0.05; Table 2, Figures 1, and 2).

3.2. Comparison of CD3+, CD4+, CD8+, and CD4+/CD8+ Percent-
ages as Well as NK Cell Activity in Different OSAHS Subgroups

There were no significant differences in the peripheral
blood CD3+ percentage and NK cell activity among the dif-
ferent subgroups of the OSAHS group (P> 0.05). The CD4+
percentage and CD4+/CD8+ratio in the peripheral blood of
the MID group were significantly higher than those of the
MOD and SEV groups (P < 0.05). The CD4+ percentage and
CD4+/CD8+ ratio in the peripheral blood between the MOD
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Table 2. Comparison of T-Lymphocyte Subsets and NK Cell Activity in Peripheral Blood of Two Groups (Mean = SD, %)

Group CD3+ CD4+ CD8+ CD4+/CD8+ NK
OSAHS 65.98 + 6.54 33.52 +3.04° 26.18 £ 4.76° 129 £ 014 11.47 + 4.58*
CON 6436 +532 35.26 £3.68 2436 +232 143+ 0.26 12.69 +2.36
P 0.850 0.002 0.003 0.016 0.028
*Statistical significance, P < 0.05.
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Figure 1. Analysis of T-lymphocyte subsets and NK cell activity in peripheral blood of group CON (healthy children without related diseases and systemic diseases). A: CD45-
FITC, B: CD3+%: 69.5%, C: CD3+CD4+%: 26.5%, D: CD3+CD8+%: 33.7%, E: CD4/CD8 Rati0:0.79, F: CD56+NK: 9.7%. The test results of children with OSAHS suggest that the CD4/ CD8

ratio is obviously inverted.

and SEV groups showed no statistically significant differ-
ences (P > 0.05). The CD8+ percentage in the peripheral
blood of the SEV group was significantly higher than that
of the MID group (P< 0.05). The CD8+ percentage in the pe-
ripheral blood of the MOD group was slightly higher than
that of the MID group, but the difference was not statisti-
cally significant (P> 0.05; Table 3).

3.3. Comparison of CD3+, CD4+, CD8+, and CD4+/CD8+ Percent-
ages as Well as NK Cell Activity Between Subgroups < 3 And >
3

There were no significant differences in the CD3+,
CD4+, CD8+, and CD4+/CD8+ percentages as well as NK cell
activity between subgroup < 3and subgroup > 3(P> 0.05;
Table 4).

34. Correlations among the CD3+, CD4+, CD8+, and
CD4+/CD8+ Percentages as Well as NK Cell Activity with
AHIJLSa02 in The OSAHS Group

There was no correlation between the CD3+ percent-
age in the peripheral blood and AHI in the OSAHS group
(P> 0.05). However, there were significant linear correla-
tions in CD4+, CD8+, CD4+/CD8+, and NK cell activity with
AHI in the OSAHS group (P < 0.05), among which CD4+,
CD4+/CD8+, and NK cell activity were negatively correlated
with AHIwhile CD8+ was positively correlated with AHI (Ta-
ble 5). There was no correlation between CD3+ in the pe-
ripheral blood and LSa0O, in the OSAHS group (P > 0.05).
The CD4+, CD8+, and CD4+/CD8+ percentages as well as NK
cell activity were significantly correlated with LSaO, (P <
0.05), among which CD4+, CD4+/CD8+, and NK cell activity
were positively correlated with LSaO, while the CD8+ per-
centage was negatively correlated with LSaO, (Table 5).
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Figure 2. Analysis of T-lymphocyte subsets and NK cell activity in peripheral blood of group OSAHS (children with OSAHS). A: CD45-FITC, B: CD3+%: 56.7%, C: CD3+CD4+%: 34.9%,

D: CD3+CD8+%:16.6%, E: CD4/CD8 Ratio: 2.1, F: CD56+NK:11.0%.

Table 3. Comparison of T-Lymphocyte Subsets and NK Cell Activity in Peripheral Blood Among Different Subgroups of OSAHS Group (Mean = SD, %)

Subgroup CD3+ CD4+ CD8+ CD4+/CD8+ NK
MID 66.54 £ 6.35 33.52 +2.83° 25.62 +4.02° 142+ 032° 11.27 4 2.32
MOD 6432 £ 6.79 241 +2.73° 26.93 +2.67 0.84 +0.26" 11.09 +3.47
SEV 65.03 £ 7.12 233143.24° 28.48 1 6.06 072+ 025" 10.75 £ 2.62
2 Statistical significance when compared with group SEV (P < 0.05).
PStatistical significance when compared with group MID (P < 0.05).

Table 4. Comparison of T-Lymphocyte Subsets and NK Cell Activity in Peripheral Blood Between Subgroup < 3 and Subgroup > 3 (Mean = SD, %)
Subgroup (y) CD3+ CD4+ CD8+ CD4+/CD8+ NK
<3 68.02 £ 7.43 2834 £ 714 30.76 £ 6.37 0.92 %+ 0.52 11.07 4 4.54
>3 66.76 = 6.05 26.02 £ 532 32.93 £ 5.53 0.75 & 0.29 9.72 +5.26
p? 0.648 0.731 0.136 0113 0.222

? Non-statistical significance, P> 0.05.

4. Discussion

OSAHS is a common and easily overlooked sleep-
disordered breathing disease. Tonsils and adenoids
have important immune defense functions in childhood,
though the main method of treating OSAHS in children is
to remove their tonsils and adenoids. Childhood is a crit-
ical period of growth and development. OSAHS in chil-
dren can affect multiple organs and systems, especially
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the immune system, these children often suffer from slow
ENT diseases such as rhinosinusitis, conductive deafness,
speech disorders, etc. (13), which has attracted significant
attention in recent years.

In the case of good health, the proportions of lympho-
cyte subgroups are in a relatively stable range. Once the
value is not in this stable range, the body’s immunity will
be destroyed. At present, there is no uniform reference
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Table 5. Correlation Of T-Lymphocyte Subsets and NK Cell Activity in Peripheral Blood with AHI and Lsao2 in Group OSAHS (1)

PSG Index CD3+ CD4+ CDS8+ CD4+/CD8+ NK
AHI 0.146 -0364° 0.484° -0.501° -0.446°
1Sa0, 0.224 0.585° -0.442° 0.646° 0.4122

*Statistical significance, P< 0.05.

value range for peripheral blood lymphocyte subgroups,
and studies have shown that normal situation CD4+/CD8+
> 1, the younger the age, CD4+/CD8+ is bigger. CD4+/CD8+
< 1indicates that the T-lymphocyte subsets are abnormal
(14).

Some scholars have found that theimmune function of
children with OSAHS may be damaged to varying degrees,
especially the white blood cell system being involved in
humoral and cellular immunity (15). In this study, the
CD4+ percentage in peripheral blood and CD4+/CD8+ ra-
tio in children with OSAHS were significantly lower than
those in normal children, indicating that the cellular im-
mune function of children with OSAHS has been damaged
to some extent, consistent with the conclusions of Dyugov-
skaya (16). In addition, this study grouped the children
with OSAHS into different groups according to the severity
of the disease to compare the status of T-lymphocyte sub-
sets and found that as the disease worsened, the effects of
OSAHS on T-lymphocyte subsets in the peripheral blood of
such children were more obvious, and their immune func-
tion was more damaged.

The causes of OSAHS influence on cellular immune
function may be as follows: 1) Children suffer from hypox-
emia caused by repeated sleep apnea at night, which may
further affect the immune function by affecting neuroen-
docrine system activity (17). 2) Children with chronic hy-
poxia and hypercapnia suffer from chronic damage to var-
ious systems and organs, resulting in low immune func-
tion. 3) Children with long-term open-mouth breathing
during night time sleep may cause cold dry air to directly
enter the respiratory tract, increasing the likelihood of
bacterial or viral infection and resulting in low immune
function. In addition, tonsils and adenoids often cause im-
mune responses due to antigen stimulation, thusresulting
in lymphoid tissue hyperplasia, further aggravating OS-
AHS symptoms and creating a vicious circle. However, the
exact mechanism underlying how OSAHS affects immune
function remains unclear.

Regarding the effect of OSAHS on non-specific immu-
nity in children, the results of this study showed that NK
cell activity in children with OSAHS was significantly lower
than that in normal children, suggesting that OSAHS may
cause a decline in non-specific immune function. The rea-
sons may be as follows: 1) The number and activity of

NK cells in children with OSAHS are decreased due to a
night time sleep structural disorder that can be gradu-
ally reversed with sleep recovery, suggesting that this im-
mune change is related to sleep (18). 2) The surface of
NK cells can express receptors corresponding to both in-
hibitoryand activating functions. The inhibitoryreceptors
mainly include CD94/NKG2A and killing immunoglobulin-
like receptors (2DL and 3DLI), and the activating receptors
primarily comprise NKG2D and natural cytotoxic recep-
tors (NKp30, NKp44, and NKp46). Studies have confirmed
thathypoxic microenvironments can downregulate the ex-
pression of NKG2D while NKG2A expression remains unaf-
fected, which in turn leads to an imbalance in the expres-
sion of NKG2D/NKG2A receptor molecules and can be one
of the reasons for the decrease in NK cell activity (19). 3)
The decrease in interleukin 2 activity during hypoxia can
also reduce NK cell activity and impair cellular immune
function (20, 21). There were no significant differences in
NK cell activity among the different subgroups of children
with OSAHS in this study. Therefore, identifying the poten-
tial limit to the effects of OSAHS on NK cell activity in chil-
dren requires further investigation.

Regarding the influence of disease course on the im-
mune function of children with OSAHS, this study found
that the T-lymphocyte subsets and NK cell activity in the pe-
ripheral blood of different subgroups (based on the course
of disease, < 3 years and > 3 years) showed no statistical
significance, which was inconsistent with the expected re-
sults. The possible reasons for this finding are as follows:
1) Most children with OSAHS paid insufficient attention to
the disease and could not accurately describe the specific
onset period. 2) The number of cases in this study was
small, and the rationality of defining the age of disease on-
set between different subgroups still requires further ex-
ploration. 3) The immune function of children with OSAHS
may be affected by many factors.

Among the PSG indexes, AHI is a qualitative and quan-
titative index of sleep disorders, and LSaO, can reflect the
maximum degree of hypoxia in children during nighttime
sleep. In this study, the proportions of T-lymphocyte sub-
sets and NK cell activity in the peripheral blood of chil-
dren with OSAHS were identified and utilized in correla-
tion analyses with AHI and LSa0,. The results revealed that
the percentages of CD4+, CD4+/CD8+, and NK cell activity
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decreased while the percentage of CD8+ increased, which
was related to clinical severity and consistent with most ex-
isting studies (22).

In summary, OSAHS can affect the immune function
of affected children. The serum T-lymphocyte subsets and
NK cell activity levels were linearly correlated with PSG
indexes, such as AHI and LSa0,, indicating that AHI and
LSa0, are two of the factors that may affect the cellular im-
mune function of children with OSAHS. Although there is
no significant difference in the immune function of chil-
dren with different courses of disease, as the disease gets
worse, the immune function of these children is obviously
affected. Therefore, once the diagnosis is clear, regardless
of the length of the disease, the disease should be treated
according to severity of the disease. Moreover, timely in-
tervention, prevention, and treatment of complications
should be carried out to ensure the healthy growth of such
children.

The following shortcomings exist in this study: 1) The
number of cases was small. 2) We did not perform post-
treatment studies on the T-lymphocyte subsets and NK cell
activity in the peripheral blood of children with OSAHS. Al-
though the aforementioned studies have confirmed that
OSAHS can lead to a decline in the body’s immune func-
tion, further studies on the immune function of children
with OSAHS may provide more powerful evidence and will
comprise the next step of our study.
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