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Release Pattern of Salivary Chromogranin A in Pediatric
Subjects with Obstructive Sleep Apnea
Heung-Ku Lee, MD, Hye-Lim Son, MD, Soo-Hyung Lee, MD, Chan-Soon Park, MD, PhD
Department of Otolaryngology Head and Neck Surgery, St. Vincent’s Hospital, The Catholic University of Korea College of Medicine, Suwon, Korea

Background and ObjectiveaaSleep-disordered breathing (SDB) is associated with activation of the stress response, including the au-

tonomic nervous system. Salivary chromogranin A (sCgA) is considered a valuable indicator of sympathoadrenal activity. We examined
the relationship between sCgA and polysomnography (PSG) parameters.
MethodsaaIn this prospective study, we enrolled 103 children who underwent a physical examination and fully attended in-lab PSG.
Saliva was collected at night before PSG and in the early morning after PSG.
ResultsaaThe subjects (n = 103) were divided into control [n = 41, apnea-hypopnea index (AHI) ≤ 1] and obstructive sleep apnea syndrome (OSAS; n = 62, AHI > 1) groups. The OSAS group was subdivided into mild (1 < AHI ≤ 5), moderate (5 < AHI ≤ 10), and severe
(10 < AHI) groups. There was no significant difference in the sCgA parameters between the control and OSAS groups. No significant
difference was observed in sCgA parameters between the control group and OSAS subgroups (mild, moderate, and severe). No circadian rhythm was detected in sCgA secretion, and no difference in sCgA concentrations was measured at the two time points.
ConclusionsaaOur findings suggest that sCgA secretion was not influenced by OSAS severity and no definitive circadian rhythm was
detected in pediatric subjects. Further study is needed to establish whether there is a circadian rhythm in pediatric subjects.
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Sleep-disordered breathing (SDB) is a common condition in the pediatric population with a
prevalence of 0.7–13.0%.1 Obstructive sleep apnea syndrome (OSAS) is characterized by episodes of partial or complete obstruction of the upper airways during sleep. Recurrent upper airway obstruction results in hypoxemia, hypercapnia, and significant swings in intrathoracic pressure. Such alterations drive the autonomic nervous system (ANS) towards increased basal tone
and reactivity of the sympathetic nervous system (SNS).2
Various non-invasive and indirect methods have been used to evaluate the ANS in children,
because application of invasive and direct methods in this group is difficult. Among these
probes, recently, and salivary biomarkers have been used to demonstrate ANS alterations in
children. Sampling of saliva has many advantages in children, because it is an easy, safe, and
pain-free method to collect and easy to conduct multiple samplings even in children.
Park et al.3,4 reported salivary cortisol and alpha amylase was associated with OSAS severity in
pediatric subjects. Especially, the measurement of salivary cortisol levels before and after adenotonsillectomy may predict the outcome of adenotonsillectomy as a treatment for OSAS in pediatric subjects.5
Salivary chromogranin A (sCgA) has been suggested as another biomarker of sympathoadrenal activity and it reflects psychological stress.6 Chromogranin A (CgA) is a 48-kDa acidic glycoprotein that is released along with catecholamines from the adrenal medulla and sympathetic
nerve endings.7 Thus, it is considered to be a valuable indicator of symphaoadrenal activity. Re-
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cently, sCgA was shown to be produced by the human submandibular gland and secreted into the saliva. Den et al.8 reported a
circadian rhythm of sCgA in humans. They reported that the
sCgA levels peaked at awakening and then quickly decreased to
a nadir 1 hour later, remaining at a low level throughout the day,
and finally increasing again at night.
Lee et al.9 suggested that sCgA was a useful marker of stress.
They examined sCgA responses before and after venipuncture
in hospitalized children. sCgA levels immediately after venipuncture were significantly higher than those before it.
Our previous data showed that salivary biomarkers, including
salivary cortisol and alpha amylase, were correlated with OSA
and may be useful for predicting SDB severity in pediatric subjects. To our knowledge, there are few reported studies of sCgA
in OSAS patients. Thus, we investigated the association of sCgA
as a biomarker of the SNS in pediatric subjects with OSAS.

METHODS
Subjects

In total, 103 children, aged 3–13 years, with suspicion of SDB
or enlarged tonsils/adenoids regardless of SDB and who presented at the Department of Otolaryngology Head and Neck Surgery, St. Vincent’s Hospital, Suwon, Republic of Korea, between
July 2011 and June 2012 were enrolled prospectively in this study.
After taking a history from the parents regarding past medical
conditions and medications and performing a complete otolaryngological examination, fully attended overnight polysomnography (PSG) was performed, and saliva from each child was collected in special tubes at ~10 pm before PSG and the morning
following PSG. We excluded subjects with other chronic medical
or psychiatric illnesses, sinonasal disease (antrochoanal polyp or
nasal polyposis), and congenital anomalies with craniofacial
abnormalities.
The objectives and methods of the study were explained to all
participants and their parents. Informed consent was obtained
from the parents before enrollment. This study protocol was reviewed and approved by the Ethics Committee for Clinical Studies at St. Vincent’s Hospital, The Catholic University of Korea
(VC11TISI0090).

Polysomnography

Fully attended overnight PSG was performed on all participants using a computerized PSG system (Somnologica software
and Embla S700/A10 hardware; Embla Systems Inc., Broomfield, CO, USA). Physiological signals were recorded from four
electroencephalogrphy (EEG) channels, two electrooculography
channels, one electrocardiography-lead, three electromyograms
(chin, anterior tibialis muscles, right and left), and one body position sensor. Respiratory signals were monitored with a nasal pressure transducer, an oral thermistor, a thoracic and abdominal re-

spiratory effort sensor (piezo type), a pulse oxymeter, and a neck
vibration sensor for snoring. All parameters were interpreted
manually by a technician and reviewed by a physician.
Apnea was defined as the absence or reduction of > 90% of
oronasal airflow for > 90% of the entire event for a period lasting
at least two regular breaths. Hypopnea was defined as a 50% or
greater air flow reduction lasting for at least two regular breaths,
with desaturation of 3% or greater, awakening, or EEG arousal.
The apnea-hypopnea index (AHI) was defined as the number of
apnea and hypopnea episodes per hour of total sleep time. OSA
in pediatric subjects was defined as AHI > 1.

Measurement of sCgA

We instructed the children’s parents to avoid extraordinary
exercise on the day of the PSG test before saliva sampling. To
minimize error, the children rinsed their mouth with water
within 10 minutes before saliva sampling. We avoided sampling
saliva collected within 60 minutes after eating a major meal, according to the manufacturer’s protocol.
Saliva samples were collected using an unstimulated method
that included tilting the head forward, allowing the saliva to pool
on the floor of the mouth, and passing the saliva through a short
straw into a polypropylene vial. Two saliva samples were collected in special tubes to check the diurnal variation of salivary alpha amylase (sAA): at ~10 pm on the day before PSG and at 7
am on the morning following PSG (within 60 minutes of waking
up). The samples were refrigerated within 30 minutes and frozen
at -20°C within 4 hours after collection. The samples were thawed
completely on the day of the assay, vortexed, and centrifuged
(1500 × g, 15 minutes). Samples were kept at room temperature
before transfer to the assay plate. We measured sAA activity using a commercially available kinetic reaction assay kit (Salimetrics, State College, PA, USA).
The saliva parameters were divided as follows: 1) ‘night’ was
the sCgA value before PSG (n-sCgA), 2) ‘morning’ was the
sCgA value after PSG (m-sCgA), 3) ‘subtracted’ was defined as
subtracting the night measurement from the morning measurement (sub-sCgA), and 4) the ‘ratio’ was the sCgA ratio of the
morning and night measurements (r-sCgA).

Statistics

Statistical analyses were conducted using the SPSS software
(SPSS Inc., Chicago, IL, USA). Quantitative variables in the OSAS
(AHI > 1) and control (AHI ≤ 1) groups were compared using
Student’s t-test, Fisher’s exact test, and the χ2 test. Analysis of variance test were performed to investigate the relationship among
the control group and each OSAS subgroup. Paired t-tests were
performed to assess the circadian rhythm of sCgA. A value of p <
0.05 was taken to indicate statistical significance.
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Table 1. Basic demographic, anthropometric, and conventional polysomnographic date

Control (n = 41)
Gender

OSAS (n = 62)

Male (%)

19 (46.3)

44 (71.0)

Female (%)

22 (53.7)

18 (29.0)

p value
0.012

Age

7.4 ± 2.9

6.8 ± 3.1

0.310

BMI

18.1 ± 3.0

18.3 ± 3.9

0.715

Sleep parameters

471.5 ± 41.2

466.7 ± 38.4

0.545

Sleep latency (min)

13.9 ± 11.4

18.0 ± 16.2

0.140

Sleep efficiency (%)

Total sleep time (min)

Sleep stage duration
(% of total sleep time)

Respiratory parameters

93.6 ± 6.4

91.7 ± 7.1

0.184

N1

5.2 ± 2.6

8.2 ± 4.9

< 0.001

N2

47.6 ± 5.6

45.2 ± 6.5

0.054

N3

27.1 ± 5.2

28.1 ± 6.4

0.426

REM

20.0 ± 4.2

18.7 ± 5.5

AHI

0.2 ± 0.3

13.6 ± 19.4

90.5 ± 15.2

89.7 ± 5.9

Lowest O2 saturation

0.191
< 0.001
0.770

Data are presented as means ± SD, and as n (%).
P values of difference by χ2 test, Fisher’s exact test, and Student’s t-test (two-tailed) with statistical significance set at α = 0.05.
AHI: apnea-hypopnea index, BMI: body mass index, OSAS: obstructive sleep apnea syndrome, REM: rapid eye movement, SD: standard deviation.
Table 2. Association between the normal group and the OSAS
group

sCgA

Control (n = 41) OSAS (n = 62)

p value

n-sCgA
12.1 ± 14.6
10.6 ± 14.0
0.619
m-sCgA
10.3 ± 11.5
10.0 ± 12.4
0.904
sub-sCgA
1.8 ± 15.1
0.5 ± 18.2
0.739
r-sCgA
3.4 ± 9.5
5.2 ± 11.0
0.439
P values of difference between control vs. OSAS by Student’s t-test.
OSAS: obstructive sleep apnea syndrome, sCgA: salivary chromogranin A, n-sCgA: the sCgA value before PSG, m-sCgA: the sCgA
value after PSG, sub-sCgA: subtracting the night measurement
from the morning measurement, r-sCgA: the ratio of morning
and night measurements, PSG: polysomnography.

RESULTS
The subjects (n = 103) were divided into control (n = 41, AHI
< 1) and OSAS (n = 62, AHI ≥ 1) groups. Demographic data and
PSG findings are presented in Table 1. The ratio of males:females
in the OSAS group [44 males (71.0%), 18 females (29.0%)] differed from that in the control group [19 males (46.3%), 22 females (53.7%)]. No significant difference was observed between
the two groups in age or body mass index. None of the sleep parameters was significantly different between the OSAS and control groups. N1 duration was significantly longer in the OSAS
group (p < 0.001), but N2 duration, slow wave sleep (N3), and
rapid eye movement duration showed no significant difference.
The lowest oxygen saturation in the OSAS group was not different
from the control group. The number of AHI events per hour was
significantly higher in the OSAS group than in the control group
(Table 1).
There were no significant differences in sCgA parameters be-
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tween the control and OSAS groups (Table 2).
After dividing the OSAS group into mild (1 < AHI ≤ 5), moderate (5 < AHI ≤ 10), and severe (AHI > 10) subgroups, sCgA
parameters showed no significant difference between the control
and any OSAS subgroup (Table 3). There was no significant difference between the morning and night sCgA levels in each subgroup and the total group (Table 4).

DISCUSSION
We investigated the levels of sCgA in response to OSAS in pediatric subjects. In our results, sCgA showed no significant difference between the control and OSAS groups, and showed no
significant difference according to OSAS severity.
Chromogranin A is soluble protein, and its concentration is
considered to be a surrogate for catecholamine because CgA and
catecholamines are co-released into the extracellular environment. Dimsdale et al.10 reported that the plasma CgA level correlated with the norepinephrine release rate. They suggested that
CgA may offer a novel perspective on peripheral sympathetic
activity.
Obstructive sleep apnea syndrome is associated with various
cardiovascular morbidities in pediatric subjects. Many studies
have reported cardiovascular sequelae, including changes in heart
rate, blood pressure, and cardiac morphology in children with
OSAS.2,11-13 As mentioned above, the underlying mechanism for
the cardiovascular complications is thought to be changes in the
ANS.14 Thus, we expected that sCgA may be increased in the
morning and according to the OSAS severity. However, in contrast to our expectations, sCgA parameters showed no significant
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Table 3. Association between the normal and OSAS groups

Control,
Mild,
Moderate,
Severe,
p value
0 ≤ AHI ≤ 1 (n = 41)
1 < AHI < 5 (n = 25) 5 ≤ AHI < 10 (n = 12) 10 ≤ AHI (n = 25)
n-sCgA
12.1 ± 14.6
10.1 ± 13.5
15.0 ± 19.6
8.7 ± 10.9
0.672
m-sCgA
10.3 ± 11.5
8.7 ± 11.8
13.6 ± 18.1
9.7 ± 9.3
0.760
sub-sCgA
11.2 ± 10.8
8.6 ± 8.1
14.3 ± 15.6
9.2 ± 6.7
0.434
r-sCgA
1.8 ± 15.1
1.4 ± 19.7
1.4 ± 21.2
-1.0 ± 15.3
0.953
P values of difference between normal vs. mild vs. moderate vs. severe by ANOVA test.
OSAS: obstructive sleep apnea syndrome, sCgA: salivary chromogranin A, n-sCgA: the sCgA value before PSG, m-sCgA: the sCgA value after PSG, sub-sCgA: subtracting the night measurement from the morning measurement, r-sCgA: the ratio of morning and night measurements, AHI: apnea-hypopnea index, ANOVA: analysis of variance, PSG: polysomnography.
sCgA

Table 4. Association between chromo-night and chromo-morning
in each group

Group

n-sCgA

m-sCgA

p value

Total (n = 103)
11.2 ± 14.2
10.2 ± 12.0
0.557
Control (n = 41) 12.1 ± 14.6
10.3 ± 11.5
0.479
OSAS (n = 62)
10.6 ± 14.0
10.0 ± 12.4
0.834
P values of difference by paired t-test.
sCgA: salivary chromogranin A, n-sCgA: the sCgA value before
PSG, m-sCgA: the sCgA value after PSG, OSAS: obstructive sleep
apnea syndrome, PSG: polysomnography.

difference, which might have been due to the narrow range of
AHI in pediatrics. Pediatric OSAS may be diagnosed if AHI is
more than 1 and severe OSAS in children if AHI is more than 10.
However, adult OSAS has a wide range of AHI and desaturation.
In pediatric OSAS, the relatively small range of AHI and desaturation may not be enough to cause a change in sCgA. To our
knowledge, there is no other report on sCgA in adult OSAS. Further studies are needed to make clarify the situation in adults.
To date, CgA has been investigated as a sensitive marker for
the diagnosis of endocrine tumors, such as pheochromocytoma.15 Recently, there have been many studies about CgA as an
indicator of psychological stress and chronic diseases. Nakane et
al.16 reported that sCgA levels were elevated immediately before
subjects gave an oral presentation and then decreased immediately after the presentation was finished, while it was not significantly elevated after physical exercise.
In an adult study, Den et al.17 reported that the awakening
sCgA concentration was decreased in the severe depression subscale. This study suggested that chronic psychological stress may
influence sCgA secretion via chronic stress-related attenuation
of the activity of the sympathetic-adrenomedullary system in
healthy adult males. Reshma et al.18 reported that the levels of
CgA in the plasma and saliva were elevated in subjects with
stress-induced chronic periodontitis. There were inconsistent results of sCgA secretion in response to chronic stress.
As mentioned above, sCgA has been reported to show a circadian rhythm in adults that peaked at awakening and then quickly decreased to a nadir 1 hour later, remaining at a low level
throughout the day, and finally increasing again at night. However, plasma CgA did not show any obvious circadian rhythm,
which might suggest salivary and plasma CgA have different

routes of secretion.8 Hong et al.19 reported a similar circadian
pattern of sCgA in adult women. They recommended that appropriate sampling times for the salivary stress markers, CgA
and cortisol, were at 7:00 (time of awakening), 8:00 (1 hour after
awakening), 17:30 (early evening), and 22:30 (before sleep) for
job stress assessments.
However, to our knowledge, there is no report related to chronic stress and sCgA secretion in pediatric subjects. Our results
suggest that chronic stress in pediatric subjects may have little
effect on sCgA. Further studies are required to assess sCgA response at awakening in pediatric subjects.
In our study, we performed sampling at two time points (time
of awakening and before sleep). According to studies on sAA,
the diurnal slope of sAA might be an alternative analysis strategy
for assessing altered ANS function.20 A study by Out et al.,21
which compared the distributions of each of the diurnal slopes
of sAA to the one based on four time points (waking, 12:00 pm,
5:00 pm, and 9:00 pm) suggested that the collection of a morning (waking) and an evening sample was sufficient to accurately
characterize the diurnal slope.
Based on the papers mentioned above, two time point sampling was used in our study. There was no significant difference
between morning and night levels of sCgA in the control or
OSAS group. In human adult studies, the level of sCgA has a
definite circadian release pattern. This result suggests that the
sCgA release pattern in children may differ from that in adults.
Because baseline sCgA levels vary among individuals, each subject showed a wide sCgA range. Further study is required to establish whether there is a circadian rhythm in pediatric subjects.
Despite its prospective design, our study had several limitations. First, the control group was not matched for gender, age,
or number. Second, the subject’s daytime activities were not fully
controlled and third, we only used two time points for saliva
sampling.

Conclusions

In our results, sCgA showed no significant difference between
the control and OSAS groups, and showed no significant difference according to OSAS severity. OSAS did not influence the
level of sCgA. However, in pediatric subjects, further study is required to determine whether there is a circadian release pattern,
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because circadian rhythm of sCgA in children may differ from
that in adults.
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