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Abstract

Aim: The aim of the present study was to show changes in salivary cortisol and chromogranin A /protein

concentrations as stress markers during pregnancy and to clarify the effect of chronic stress on stress markers.

Material and Methods: Salivary samples were collected from 69 pregnant women during pregnancy. Salivary
cortisol levels and chromogranin A /protein titers were determined. We surveyed the women’s chronic stress
using the Zung self-rating depression scale and General Health Questionnaire-28.

Results: Cortisol levels in the saliva of pregnant women showed biphasic change during pregnancy. Chro-
mogranin A/protein levels in the saliva of pregnant women increased in the second and the early third
trimesters and decreased to the puerperal period. Salivary cortisol concentrations of the chronic high stress

group were significantly lower compared with those of the normal group. Salivary chromogranin A /protein

concentrations of the chronic high stress group were also significantly lower than those of the normal group.

Conclusion: The titration of salivary cortisol concentrations and chromogranin A /protein levels is a useful tool

to determine maternal stress levels. The elevation of cortisol and chromogranin A/protein in the saliva was

suppressed in the chronic high stress group during pregnancy.
Key words: chromogranin A, depressive status, maternal stress, pregnancy, salivary cortisol.

Introduction

J. Obstet. Gynaecol. Res. 2011

Psycho-mental health potentials were evaluated by
stress-related hormonal levels. Data indicate that indi-
viduals with good lifestyles showed much younger
health ages calculated based on health check-up data,
and lower risks for developing lifestyle-related dis-
eases than those with poor lifestyles. Comprehensive
health potentials were significantly lower in poor-
lifestyle individuals than those with a good lifestyle.’

Maternal psycho-mental stress has an adverse effect on
pregnancy, such as preterm labor,? intrauterine growth
restriction’ and fetal anomalies." Recently, it was
reported that maternal cortisol levels in the urine were
associated with early pregnancy loss.” As shown in
Figure 1, the stressor has an effect on the hypothala-
mus and affects both the hypothalamus-pituitary
gland-adrenal cortex axis and sympathetic adrenal
medulla system. The markers secreted in the saliva are
useful because they are easy to measure without
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causing sampling stress or pain. Evaluation of physi-
ological stress markers in the saliva, such as cortisol
and catecholamine, is a very useful method for objec-
tively assessing stress. Salivary cortisol is often used as
a stress index because its measurement has various
advantages, such as non-invasive collection procedure.
However, the measurement of salivary catecholamine
is difficult because of its low concentration and rapid
degradation.® Chromogranin A (CgA) is a good marker
of psychological stress response, because it reflects
only psychological stress, not physiological stress.”*
CgA is an acidic-soluble glycoprotein and its concen-
tration can be measured in the saliva. It is known to
localize in the secretory granules of a wide variety of
endocrine and neuronal tissues.” The level of salivary
CgA provides a sensitive and reliable index for evalu-
ating psychological stress.” CgA is considered to be a
substitute for catecholamine as CgA and catechola-
mine are co-released into the extracellular environ-
ment. Therefore, it is considered to be a measure
of the activity of the sympathetic/adrenomedullary
system, and salivary CgA has begun to be used as a
stress marker.® We reported that salivary cortisol levels
were significantly reduced after coffee intake, but not
salivary chromogranin A concentration during preg-
nancy." Nierop ef al. demonstrated that salivary corti-
sol recovery was significantly prolonged in second-
trimester pregnant women and prolonged cortisol
recovery during the beginning of second-trimester
pregnancy might be associated with vulnerability to
stress-related pregnancy complications during this
period of time."" The reaction of stress response during
pregnancy was different from subjects of non-pregnant

Figure 1 Mechanism of induction
of cortisol and chromogranin A
by stressor.

status. However, there is little information regarding
the detailed changes of salivary stress markers during
pregnancy.

The aim of the present study was to show changes in
salivary cortisol and CgA concentrations as stress
markers during pregnancy and to clarify the difference
of changes in these stress markers during pregnancy
between chronic high stress and low stress groups.

Material and Methods

Samples

Saliva samples were obtained at 09.00 to 13.00 hours in
the first trimester (10-12w), second trimester (20—
22 w), early third trimester (30-32 w), late third trimes-
ter (37-39 w), and puerperal period (1 month after
delivery) from 69 normal pregnant women at Osaka
University Hospital. Their average age was 32 years
(20-40 years). Thirty one of the women were primi-
para. 34 had only one child and four had two children
among the multiparas. We excluded patients who were
taking steroid orally, or had complications or a fetus
with an anomaly. The study was approved by the local
ethics committee of the Department of Obstetrics and
Gynecology, Osaka University Graduate School of
Medicine. Informed consent was obtained from each
patient. Examinations were performed from 10.00 to
11.00 hours, starting more than 2 h after consumption
of the morning meal, because no food should be con-
sumed for at least 90 min before salivary sampling for
cortisol determination.'”? All saliva samplings were per-
formed in the hospital under the researcher’s guidance.

© 2011 The Authors
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Measures

We surveyed the women's chronic stress using Zung's
Self-rating Depression Scale (SDS) and General Health
Questionnaire-28 (GHQ28) at the second trimester and
categorized the women into chronic high stress and
normal groups. The SDS includes 20 questions that
qualify the severity of depression symptoms. Each
item ranges from 1 (none or a little of the time) to 4
(more or all of the time). The raw SDS score is the sum
of all 20 items and ranges from 20 to 80." This test is
sensitive enough to detect depressive symptoms in
normal populations. Its Japanese version has been
ascertained to possess good internal consistency and
test-retest reliability, and has been used in many
research projects, such as population surveys." The
General Health Questionnaire (GHQ) is a 60-item self-
administered screening tool designed to detect non-
psychotic psychiatric illnesses. The GHQ28, a shorter
version of the original GHQ, has been shown to be
reliable and valid." The GHQ28 was used to assess
general health problems.” It is used in the general
population and within community or non-psychiatric
clinical settings, such as primary care or general
medical outpatients. The use of both the GHQ28 and
SDS can enable the assessment of a variety of aspects of
the mental health status in a normal population.™
Using this questionnaire, we classified patients into
chronic high stress and normal groups and made a
comparison of the changes in stress markers between
the two groups.

Determination of cortisol levels in the saliva

To collect a sufficient quantity of saliva, we used
Salivette sampling devices (Sarstedt, Rommelsdorf,
Germany). The Salivette includes a small cotton swab
and stimulates saliva flow to a rate that enables a suf-
ficient amount to be collected within 1 min. After cen-
trifugation at 7000 g for 15 min, saliva was stored at
—-80°C until assay. Saliva cortisol levels were deter-
mined with a commercial enzyme immunoassay kit
(CIRON, Tokyo, Japan). The intra-and interassay coef-
ficient variabilities (CV) were <10%."

Determination of CgA levels in the saliva

Salivary CgA levels were determined by ELISA using a
previously described method.” The concentration of
CgA in the saliva was determined using a YKO070
Chromogranin A (Human) electro-immunoassay kit
(Yanaihara Institute, Shizuoka, Japan) and the intra-
and interassay CV were <5%."

© 2011 The Authors
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Statistical analysis

Data are given as mean = SEM. The data were analyzed
with StatView version 5.0 (SAS Institute, Cary, NC,
USA). Statistical significance was assessed using Wil-
coxon signed-rank test with a 5% significance level.

Results

The mean salivary cortisol levels (ug/dL * SEM) were
0.282 = 0.054 (first trimester), 0.693 * 0.094 (second
trimester), 0.330 = 0.061 (early third trimester),
0.452 = 0.069 (late third trimester), and 0.147 + 0.028
(puerperal period). A repeat measure analysis of vari-
ance confirmed a significant effect of gestational age in
salivary cortisol level (P < 0.0001). Cortisol levels in the
saliva of pregnant women showed biphasic change
during pregnancy. Mean salivary CgA /protein levels
(pmol/mg * SEM) were 1.919 * 0.543 (first trimester),
4.203 + 0.975 (second trimester), 3.617 * 0.715 (early
third trimester), 2.619 = 0.481 (late third trimester),
and 1.460 = 0.262 (puerperal period). A repeat
measure analysis of variance confirmed a significant
effect of gestational age in salivary CgA/protein
(P =0.0005). CgA/protein levels in the saliva of preg-
nant women increased in the second and the early third
trimesters and decreased to the puerperal period.
Figure 2 demonstrated that SDS score and general
health questionnaire GHQ28 score were significantly
correlated (P < 0.005). Patients in the chronic high stress

604

SDS

40-
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GHQ28

Figure 2 Correlation between the Zung self-rating
depression scale (SDS) and General Health
Questionnaire-28 (GHQ28) scores. SDS score and
general health questionnaire GHQ28 score were sig-
nificantly correlated. SDS =33.527 +1.516 x GHQ28;
r*=0.58 (P < 0.005).
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Figure 3 Difference in salivary cortisol concentrations
between chronic high stress group (Zung self-rating
depression scale [SDS]>42) and normal group
(SDS = 42). Salivary cortisol concentrations of the
chronic high stress group were significantly lower
compared with those of the normal group at the second
trimester, early third trimester, and late third trimester
(P <0.01).

group (SDS > 42) were 17 of 69 pregnant women. Char-
acteristics between the chronic high stress group and
the normal group, such as maternal age, body weight,
body mass index, smoking rate, parity, gravidity, deliv-
ery week, neonatal body weight and Apgar score were
similar (data not shown). As shown in Figure 3, sali-
vary cortisol concentrations of the chronic high stress
group were significantly lower compared with those of
the normal group at the second trimester, early third
trimester, and late third trimester (P < 0.01). However,
titers of salivary cortisol of the chronic high stress
group were equal to those of the normal group at the
first trimester and puerperal period. Salivary CgA/
protein concentrations of the chronic high stress group
were significantly lower than those of the normal
group (P <0.01) (Fig. 4). The elevation of CgA /protein
in the saliva was suppressed in the chronic high stress
group during pregnancy.

Discussion

Investigation of physiological stress markers in the
saliva is a very useful method for objectively measur-
ing stress. This method is non-invasive and non-
stressful. Recent study demonstrated that music
therapy during colonoscopy markedly reduces fear-
related stress, as indicated by changes in salivary cor-
tisol levels.” In the present study, the titration of
salivary cortisol concentrations and CgA levels is a

-e-stress
5. -=-normal

CgA/protein (pmol/mg)

1t 2 Early 3 Late 3" puerperal

Figure 4 Difference in salivary chromogranin A (CgA)
concentrations between the chronic high stress group
(Zung self-rating depression scale [SDS]>42) and
normal group (SDS = 42). Salivary CgA /protein con-
centrations of the chronic high stress group were sig-
nificantly lower than those of the normal group
(P <0.01).

useful tool to determine maternal stress levels during
pregnancy. Cortisol levels in the saliva of pregnant
women showed biphasic change during pregnancy.
Mean salivary cortisol levels increased from the first
trimester to the second trimester. Those levels
decreased from the second trimester to the early third
trimester and increased at the late third trimester.
Titers of salivary cortisol at the puerperal period
returned to the levels at the first trimester. Serum con-
centration of circulating cortisol is increased during
pregnancy.”’ The reason for the discrepancy between
serum and saliva is unknown. The CgA /protein levels
in the saliva of pregnant women increased in the
second and the early third trimesters and decreased to
the puerperal period. The mechanism of the change of
stress marker levels during pregnancy is unknown. We
speculated that the titers of those stress markers might
be affected by hormonal changes, such as progesterone
and immunological changes during pregnancy.
Further investigations are necessary to determine the
mechanism of the change of stress levels during preg-
nancy and the usefulness of cortisol and CgA as stress
markers during pregnancy.

Psycho-mental health potentials were evaluated by
both quality-of-life-related questionnaires and stress-
related hormonal and cytokine levels, such as cortisol
and interleukins. Self-reporting instruments represent
an efficient and cost-effective way to identify indi-
viduals who should be evaluated additionally for
the presence of a depressive disorder. The Zung

© 2011 The Authors
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Self-rating Depression Scale (SDS) has 10 positively
worded and 10 negatively worded items that cover
affective, psychological, and somatic symptoms. The
overall score represents the severity of the depressive
symptoms.? GHQ?28 represented the general health
problems of pregnant women. To determine psycho-
mental health potentials, several questionnaires have
been used. Zung SDS and GHQ28 are useful tools
because in Japan, the scale has been ascertained
to have good internal consistency and test-retest
reliability, and construct validity has been demon-
strated in many research projects, including popula-
tion surveys.”

In a population of Japanese women (mean age
46.3 years), mean SDS score was 37.8, 40.7, and 47.8 in
the good lifestyle group, average lifestyle group, and
poor lifestyle group, respectively,.” We noticed that
there was a significant correlation between SDS and
GHQ28. These results suggest that maternal depressive
status represents general health during pregnancy.
Several studies demonstrated maternal stress had
adverse effects on pregnancy outcome.”® The better-
ment of SDS and GHQ28 might affect the improvement
of maternal and neonatal outcomes.

Maternal salivary cortisol and CgA of the chronic
high stress group were significantly suppressed in
comparison with those of the normal group. These
results suggest that maternal chronic stress suppress
the function or activity of the hypothalamic-pituitary-
adrenal axis and sympatho-adrenomedullary system.
Angelika ef al. demonstrated that in children with aller-
gic feature of atopic dermatitis under chronic psycho-
social stress, the reaction of cortisol level to the stress
test were suppressed.” Furthermore, Seng ef al. found
that for pregnant woman affected by posttraumatic
stress disorder, the circadian rhythm of cortisol titer
was suppressed and they had lower peak basal salivary
cortisol concentrations.* Our results do not contradict
those reports. The suppression of maternal response at
the adrenal gland might affect the maternal immune
defense system and endocrine function. This would be
one possible reason why maternal stress has adverse
effects on pregnancy outcome.
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