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sleep apnea/hypopnea syndrome
Zihe Zhang1, Chunguang Wang2
ABSTRACT
Objective: We aimed to evaluate the immune status of children with obstructive sleep apnea/hypopnea
syndrome (OSAHS).
Methods: Fifty children with OSAHS having the symptoms of “snoring, mouth breathing and suffocating
during sleep”, who were admitted in our hospital from May 2014 to May 2016, were randomly selected.
Another 52 healthy, age- and gender-matched children were enrolled as control subjects after taking
informed consent. After admission, the peripheral venous blood was collected. T cell subsets and cytokines
were analyzed by flow cytometry. Immunoglobulin and complement levels were detected by immunoassay
analyzer.
Results: The percentage of CD8+ T lymphocytes in children with OSAHS was (26.47 ± 1.52)% which was
significantly higher than that of control group ((21.94 ± 1.92)%) (P<0.05). OSAHS group had a significantly
lower CD4+/CD8+ ratio (1.24 ± 0.12) than that of control group (1.45 ± 0.11) (P<0.05). The two groups had
similar percentages of CD3+ and CD4+ T lymphocytes (P>0.05). OSAHS group had significantly higher serum
levels of IL-4, IL-6, IL-10 and IFN-γ than those of control group (P<0.05), but their IL-2 and TNF-α levels
were similar (P>0.05). The serum IgA and C3 levels of OSAHS group significantly exceeded those of control
group (P<0.05), but their IgG, IgM and C4 levels were similar (P>0.05).
Conclusion: Children with OSAHS had increased percentage of CD8+ T lymphocytes and decreased CD4+/
CD8+ ratio, suggesting this group had poor immune function. Increase in humoral immune-related indices
IL-4, IL-6, IL-10 and IFN-γ indicated the occurrence of oxidative stress and systemic inflammatory status.
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INTRODUCTION
Obstructive sleep apnea/hypopnea syndrome
(OSAHS), which is characterized by intermittent
partial or complete obstruction of the upper
airway during sleep, endangers from neonates
to adolescents, with the overall morbidity rates
of 1-4%.1,2 Due to multisystem damages induced
by sleep respiratory flow changes, repeated
hypoxemia, carbon dioxide retention and repeated
awakening, children with OSAHS usually suffer
from complications such as growth retardation,
cardiac function changes, conductive deafness,
facial deformity, memory loss, mental decline and
personality changes.3 Children aged from 2-6 years
old are mostly prone to OSAHS, being closely
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associated with the physiological hypertrophy of
adenoids and tonsils.4 Most studies concerning
OSAHS only detected humoral or cellular immune
responses. It is thus of great significance to evaluate
the immune functions of children with OSAHS
in order to clarify the risks of this disease and to
perform effective treatment. In this study, the effects
of OSAHS on the humoral and cellular immunity
of children were assessed by collecting peripheral
venous blood samples and detecting T cell subsets,
immunoglobulins, complements and cytokines.
METHODS
From May 2014 to May 2016, 450 children with
OSAHS having the symptoms of “snoring, mouth
breathing and suffocating during sleep” admitted
in our hospital were numbered, from whom 50
children were selected by using the random number
method. This study has been approved by the
ethics committee of our hospital. Written consent
was obtained from the guardians of all enrolled
children. The patients consisted of 40 boys and 10
girls, with the mean age of 79.38 months (47-148
months) and the disease courses from three months
to 10 years. All patients were diagnosed as OSAHS
by all-night sleep monitoring after admission
with the following indices: apnea-hypopnea index
(AHI) of 1.2-98.2, obstructive apnea index of 1-88.3
and minimum blood oxygen saturation <92%. All
children with OSAHS were hospitalized for the
first time. Subjects with history of repeated tonsil
inflammation, allergic rhinitis, asthma, obesity,
recent acute infection or other systemic diseases
were excluded. The 50 children with OSAHS
were diagnosed by lateral nasopharynx X-ray as
adenoidal hypertrophy, out of whom 46 were more
than grade II with bilateral adenoidal hypertrophy.
Meanwhile, 52 healthy, age- and gender-matched
children without related or systemic diseases were
enrolled as a control group, comprising 33 boys
and 19 girls aged 77.13 months on average (36-143
months). Preoperative examinations (chest X-ray,
electrocardiography, coagulation function, as well
as routine hematological and biochemical tests)
showed normal results.
This was a prospective study, so a detailed
program had been designed before the study
started. All enrolled children had identical life, diet
and living environment in hospital.
Methods: The peripheral venous blood was collected
and added in a tube containing ethylene diamine
tetra-acetic acid for T cell subset analysis using flow
cytometry (FACSCalibur, BD, USA). Blood samples
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Table-I: Baseline clinical data.
Group

No. of
Boy
Girl
Average age
cases			(month)

OSAHS
50
40 (80.0%)
Control
52
33 (63.5%)
P		 >0.05

10 (20.0%)
19 (36.5%)
>0.05

79.38
77.13
>0.05

in another two anticoagulant tubes were left still.
The supernatant in one tube was used to detect
cytokines by flow cytometry, and that in the other
tube was employed to detect immunoglobulins and
complements by a Siemens BN II immunoassay
system (Germany).
Statistical analysis: All data were analyzed
by SPSS version 16.0. The categorical data that
were identified by the Kolmogorov-Smimov
test as approximately normally distributed were
expressed as mean ± standard deviation (X ± SD).
Inter-group comparisons were performed by the t
test or analysis of variance.
RESULTS
Baseline clinical data: The Chi-square test revealed
no significant difference between the gender ratio
of the two groups (P>0.05), and the rank sum test
showed the two groups had similar age ranges
(P>0.05). The baseline clinical data of the two
groups are summarized in Table-I.
T cell subsets: T cell subset analysis showed that the
percentage of CD8+ T lymphocytes in children with
OSAHS was (26.47 ± 1.52)% which significantly
exceeded that of control group ((21.94 ± 1.92)%)
(P<0.05). The two groups had similar percentages of
CD3+ ((64.47 ± 3.20)% vs. (64.48 ± 3.10)%) and CD4+

Fig.1: T cell subset analysis results. Compared
with control group, *P<0.05, **P<0.01.

Immune and OSAHS

Fig.3: Immunoglobulin and complement levels.
Compared with control group, *P<0.05, **P<0.01.

Fig.2: Serum cytokine levels. Compared
with control group, *P<0.05, **P<0.01.

T lymphocytes ((31.51 ± 1.48)% vs. (31.62 ± 1.52)%)
(P>0.05). The OSAHS group had a significantly
lower CD4+/CD8+ ratio (1.24 ± 0.12) than that of the
control group (1.45 ± 0.11) (P<0.05) (Fig.1).
Serum cytokine levels: Compared with the control
group, the OSAHS group had significantly higher
serum IL-4 level ((2.45 ± 0.21) pg/ml vs. (1.21 ± 0.22)
pg/ml) (P<0.05), IL-6 level ((3.75 ± 0.19) pg/ml vs.
(2.54 ± 0.17) pg/ml) (P<0.05), IL-10 level ((3.45 ±
0.19) pg/ml vs. (3.01 ± 0.17) pg/ml) (P<0.05) and
IFN-γ level ((4.41 ± 0.19) pg/ml vs. (2.61 ± 0.19) pg/
ml) (P<0.05). However, their IL-2 ((3.41 ± 0.21) pg/
ml vs. (3.38 ± 0.19) pg/ml) and TNF-α levels ((3.01
± 0.21) pg/ml vs. (2.89 ± 0.23) pg/ml) were similar
(P>0.05) (Fig.2).
Immunoglobulin and complement levels: The serum
IgA ((1.63 ± 0.09) g/l vs. (1.03 ± 0.12) g/l) and C3
levels ((1.17 ± 0.11) g/l vs. (0.83 ± 0.12) g/l) of the
OSAHS group significantly exceeded those of the
control group (P<0.05), but their IgG ((10.63 ± 0.89)
g/l vs. (10.43 ± 0.91) g/l), IgM ((1.22 ± 0.11) g/l vs.
(1.32 ± 0.13) gl) and C4 levels ((0.23 ± 0.02) g/l vs.
(0.18 ± 0.02) g/l) were similar (P>0.05) (Fig.3).
DISCUSSION
Lymphocytes are the most important cell populations in the immune system, reflecting the immune
status of human body. Upon immune response,
lymphocytes in the peripheral blood develop and
differentiate into subsets with various functions.5
Obstruction of the upper airway in children with
OSAHS affects their normal sleep, rest and neuroendocrine regulation, so they become susceptible to other diseases due to cell immune disorders.
Abnormal numbers and functions of the subsets

are bound to induce pathological changes by leading to immune disorders.6 The levels and proportions of lymphocyte subsets in normal human body
are well maintained, and they interact mutually to
keep immune functions normal. T helper lymphocytes and inhibitory lymphocytes play central roles
in immune regulation. Generally, increase in CD4+/
CD8+ ratio indicates an enhanced cell immune
function, whereas decrease in the ratio suggests a
weakened function.7 By detecting the lymphocyte
subsets in peripheral blood, Qin et al. found that
adult patients with moderate or severe OSAHS had
significantly lower percentages of CD4+ T lymphocytes but significantly higher percentages of CD8+ T
lymphocytes than those of the control group. Their
CD4+/CD8+ ratios were thus significantly lower.
CD8+ T lymphocytes were closely related with the
atherosclerosis of adult patients.8 Similarly, in this
study, the OSAHS group had a significantly higher
percentage of CD8+ T lymphocytes (P<0.05) and a
significantly lower CD4+/CD8+ ratio (P<0.05) than
those of the control group, suggesting that children
with OSAHS underwent immune function decline.
Cells in adenoids and tonsils contain IgM,
IgA and IgG, commonly as the first defense line
against respiratory tract infections.9 Khan et al.
reported that the IgA and IgM levels of children
with adenoidal hypertrophy surpassed those
of normal ones. The serum IgM, IgA and IgG
levels of children one month and six months after
adenoidectomy and tonsillectomy were similar to
those before surgeries.10 Likewise, Li et al. found
that the serum IgM, IgA and IgG levels of adults
with OSAHS were not significantly different from
those of normal controls, and the preoperative and
postoperative levels did not differ significantly
either. However, there were two cases of deficiency
in immunoglobulins, who were diagnosed only
when repeated postoperative upper airway infection
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was not alleviated. Therefore, they recommended
to perform immune function examination before
tonsillectomy.11 The serum IgA level of children with
OSAHS herein was significantly higher than that of
the control group (P<0.05), being consistent with
the finding of Khan et al.10 Children with OSAHS
are subjected to a series of hypoxia-reoxygenation
processes induced by repeated airway collapse
during sleep, resembling the pathological and
physiological processes of ischemia-reperfusion.
Alternate hypoxia and reoxygenation processes
evidently increase superoxide anions, so the
numbers of neutrophils and monocytes skyrocket
to induce a series of damages.
C3, as the center of two main activation pathways
of complements, has crucial biological functions.12
The metabolites of C3 attack complexes and then
autologous tissues and cells. Li et al. reported that in
178 adults with OSAHS, C3 markedly increased but
IgM decreased upon humoral immune response.
The C3 level was positively correlated with AHI but
negatively correlated with percutaneous minimum
blood oxygen saturation.13 In this study, the OSHAS
group had a significantly higher serum C3 level than
that of the control group, suggesting that OSAHS
was a chronic, low-grade inflammatory disease.
Cytokines and mediators predominantly control
the pathological and physiological processes of
OSAHS induced by hypoxia at night and sleep
disorders. Repeated hypoxemia and OSAHS-related
awakening are both associated with oxidative stress
and systemic inflammation, even if patients are not
obese.14 After surgery, children with OSAHS have
higher TNF-α and IL-6 levels in tonsil tissues than
those of the children with repeated tonsillitis. Tam
et al. reported that the OSAHS group (n=44, 7.3
years old on average) had significantly higher levels
of INF-γ and IL-8 than those of the control group
(n=69, 7.6 years old on average), but the two groups
had similar IL-2, IL-4, IL-6, IL-8 and TNF-α levels.15
Serum IL-6 level increased but IL-10 level decreased
in children with OSAHS, which were recovered to
normal after adenoidectomy and tonsillectomy. Li
et al. also found that the raised serum levels of IL6, IL-8 and TNF-α in children with OSAHS were
recovered to normal after treatment.16
IL-4 is an indispensable and versatile cytokine
upon immune response. As the most potent IgEregulating factor, IL-4 plays a key role in the onset
and progression of allergic inflammation.17 IL-6 is
an essential inflammatory cytokine that is involved
in the upper airway infection and closely associated with the onset of allergic rhinitis and asthma.
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Vgontzas et al. found that IL-6 and TNF-α were
related with lethargy and fatigue, and positively
correlated with AHI, indicating that they were correlated with the sleep disorders of children with
OSAHS.18 Ridker et al. reported that healthy subjects with elevated serum IL-6 levels were significantly more prone to future myocardial infarction,
so IL-6 was an independent risk factor for predicting cardiovascular events.19 IL-10 and INF-γ are
secreted by Th1 cells. IL-10 can inhibit a variety of
pro-inflammatory cytokines by promoting the secretion of other anti-inflammatory cytokines, inhibiting the aggregation of eosinophils in the airway,
excluding them from inflammatory sites and suppressing IgE production, finally mitigating the airway inflammatory response. The functions of INF-γ
mostly antagonize those of IL-4. By inhibiting the
differentiation of Th2 cells, INF-γ can suppress IgE
production in B cells. Similar outcomes of patients
with asthma have been reported by Wong et al.20
CONCLUSION
Children with OSAHS had significantly higher
serum levels of IL-4, IL-6, IL-10 and INF-γ than
those of the control group, but the two groups had
similar IL-2 and TNF-α levels. As evidenced by
the increase of IL-4 and IL-6 levels, children with
OSAHS were in a systemic inflammatory status.
Simultaneous elevation of IL-4, IL-10 and INF-γ
levels may be related to autoimmune protection, and
increased secretion of the latter two counteracted
the pathogenic effects of IL-4.
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