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Abstract

The main purpose of the present study was to determine the relation-
ship between salivary cortisol concentrations and self-report anxiety
in 50 adolescent and 178 non-adolescent women during the last month
of pregnancy. The subjects were randomly selected from a previous
study involving women who attended antenatal care from September
1997 to August 2000 at 17 health services in Southeast Brazil.
Salivary cortisol was measured with an enzyme immunoassay kit, and
anxiety was assessed by the State-Trait Anxiety Inventories (STAI) of
Spielberger. After saliva collection, the participants completed the
STAI. Mean concentrations of cortisol for both pregnant adolescents
(14.17 ± 6.78 nmol/l) and non-adolescents (13.81 ± 8.51 nmol/l) were
similar (P = 0.89). Forty-three percent of the pregnant adolescents and
30.5% of the non-adolescents felt anxious at the time of being ques-
tioned (State Anxiety Inventory  (SAI) scores >40; P = 0.06). Cortisol
concentrations in adolescents were negatively related to the SAI
scores (r = -0.39; P = 0.01) which assess a temporary condition of
anxiety. There was a statistically significant difference in mean corti-
sol concentrations between adolescents with low (≤40) and high (>40)
SAI scores (P = 0.03, t-test), but no differences for non-adolescents.
The negative relationship between salivary cortisol concentrations
and anxiety scores in adolescents may be due to puberty-related
hormone differences during this period of life. Pregnant adolescents
may possess unique biological or psychological characteristics com-
pared to adults and non-pregnant adolescents. Thus, we need to know
more about the hypothalamic-pituitary-adrenocortical axis of preg-
nant adolescents.
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Introduction

Cortisol peaks in late pregnancy as a
result of placental production of corticotro-
phin-releasing hormone (CRH) and falls
abruptly at delivery. It seems that the in-
creased free and total cortisol levels in preg-
nancy are related to resetting of the sensitiv-
ity of the hypothalamic-pituitary-adrenal
(HPA) axis and not merely to an increase in
corticotrophin-binding globulin or CRH lev-
els (1).

During pregnancy, cortisol may influ-
ence placental function, uterine blood flow,
and uterine irritability, indirectly controlling
the growth and development of the fetus or
the onset of preterm labor (2).

According to Kirschbaum and Hellham-
mer (3), measurement of cortisol in saliva
has become a valuable alternative due to the
non-invasiveness and laboratory indepen-
dence of sampling. Cortisol levels in saliva
are not affected by saliva flow rate since the
hormone probably enters saliva by passive
diffusion. In addition, the acinar cells lining
the saliva glands prevent proteins and pro-
tein-bound molecules from entering saliva.
Thus, salivary cortisol determination is a
simple measure of the unbound “free” hor-
mone fraction and has a number of potential
advantages over the more conventionally
used total serum concentrations. These ad-
vantages include a stress-free and non-inva-
sive collection procedure and the measure-
ment of a parameter which is believed to
reflect the serum concentration of biologi-
cally active unbound cortisol.

In recent years, psychological factors such
as anxiety have been increasingly linked to
hormonal alterations in the body such as
cortisol secretion. The psychological status
of an individual, per se, is an effective stimu-
lus for the activation of the adrenal system,
which can be demonstrated by saliva cortisol
measurement (4). The importance of assess-
ing cortisol levels and self-report anxiety in
pregnant adolescents is that both adoles-

cence and pregnancy are periods of develop-
ment characterized by hormonal and emo-
tional changes (5). According to some stud-
ies, anxiety and/or depression are particu-
larly more prevalent among pregnant adoles-
cents (6-8).

Therefore, the purpose of this investiga-
tion was to examine: 1) the relationship be-
tween the concentrations of salivary cortisol
and self-report anxiety of adolescent and
non-adolescent pregnant women and 2) the
prevalence of self-report anxiety in preg-
nancy.

Material and Methods

A total of 228 pregnant women were
recruited from a longitudinal cohort study
carried out between 1997 and 2000 at 15
health units and 2 hospitals in Jundiaí, SP,
Brazil (8), for anxiety assessment. Women
with chronic infectious diseases, metabolic
diseases, cardiopathy, mental diseases, hy-
pertension/pre-eclampsia/eclampsia and
multiple deliveries were not included in the
study.

Self-report anxiety was determined by
the State-Trait Anxiety Inventories (STAI)
(9) and by saliva cortisol measurements. The
STAI offers a reliable and widely used meas-
ure of anxiety. By providing a measure of
state and trait anxiety, the STAI is the best
suited instrument for establishing baseline
levels of anxiety in pregnant women (10). It
is a well-standardized, 40-item, self-report
instrument designed to measure both state
and trait anxiety. For the State Anxiety In-
ventory (SAI), subjects are asked how they
feel at the time of being questioned, and for
the Trait Anxiety Inventory (TAI), subjects
are asked how they feel generally. A cut-off
point of scores >40 was selected for both
SAI and TAI. After saliva collection, the
participants completed the STAI. Salivary
cortisol concentrations were measured as an
indicator of the activation of the HPA axis
because the biological activity of steroid
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hormones is a function of the free (non-
protein-bound) portion of total hormone lev-
els. Researchers have demonstrated that sali-
vary cortisol concentrations accurately re-
flect free plasma cortisol levels, even as total
cortisol levels rise throughout pregnancy (11).
Therefore, saliva cortisol in pregnancy is a
sensitive index of anxiety during this period.

Women were assessed at home by field
workers and instructed to rinse their mouth
with water before collection of the saliva
samples into “salivette” tubes (Sarstedt Inc.,
Nümbrecht, Germany). The “salivette” as-
sembly mainly consists of a small cotton
swab which fits inside a standard centrifuga-
tion tube. By gently chewing on the swab,
subjects stimulate saliva flow to a rate that
provides sufficient material within 30-60 s.
Not only does saliva sampling with the
“salivette” avoid emotive biases toward the
specimen, but it also facilitates pipetting of
the sample since the debris is separated from
the clear watery saliva supernatant (3). Three
saliva samples were obtained between 8:30
and 9:00 am to control for diurnal variations
in hormonal concentrations. The samples
were kept on ice, centrifuged, and stored at
-20ºC for a maximum of a month, until as-
sayed. Cortisol was measured with a salivary
cortisol enzyme immunoassay kit (Sali-
metrics, LLC, State College, PA, USA) in
the Department of Clinical and Toxicologi-
cal Analyses, Faculty of Pharmaceutical Sci-
ences, University of São Paulo. All women
were assessed during late pregnancy (mean
gestational age in weeks = 35.97; SD = 4.84).

Spearman correlations were used to de-
termine the relations between salivary corti-
sol and anxiety scores in adolescent and non-
adolescent pregnant women, and the con-
sistency of the relations. The level of signif-
icance was set at P ≤ 0.05. Data were ana-
lyzed statistically using SPSS for Windows,
Version 10 (1999) and Statistic (StatSoft,
Inc., 1995) software.

The study was approved by the Ethics
Committee of the University of São Paulo

and the Secretary of Health of Jundiaí city,
where the data were collected. Written in-
formed consent was obtained from the
women.

Results

The characteristics of the pregnant women
included in the study are specified in Table
1. Adolescents had a lower per capita in-
come than non-adolescents (λ2 = 12.08; P =
0.002). Most of the adolescents were single
(without a partner) and primiparous, com-
pared to non-adolescents (λ2 = 32.16; P <
0.001).

Means and standard deviations for the
salivary cortisol concentrations and the STAI
scores are shown in Table 2. Mean cortisol

Table 1. Characteristics of  adolescent and non-adolescent pregnant women who
participated in the present study.

Characteristics Adolescents (N = 50) Non-adolescents (N = 178)

Age (years)
13-16 23.5 -
17-19 76.5 -
20-29 - 72.3
30-42 - 27.7

Education (years)
≤4 11.8 18.6
5-8 33.3 37.9
>8 54.9 43.5

Per capita income in MMBW
<1 33.3 14.8
1-3 54.9 55.7
>3 11.8 29.5

Marital status
Married 23.50 65.0
Single (with a partner) 19.70 19.6
Single (without a partner) 52.90 17.5
Divorced  3.90 2.9

Parity
0 86.3 41.2
1-4 13.7 58.2
≥5 - 0.6

Cigarette smoking
Yes 5.9 8.5
No 94.1 91.5

Alcohol consumption
Yes 11.8 12.4
No 88.2 87.6

Data are reported as percent. MMBW = minimum monthly Brazilian wage (US$ 55.00).
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concentrations were similar (P = 0.89) for
pregnant adolescents and non-adolescents,
and lower (12,13) or similar (1,14-16) to
those reported in other studies. Mean TAI
scores for both groups of women were higher
than the cut-off point (>40) used to classify
individuals as being generally anxious. Ado-
lescents showed higher mean TAI scores
compared to non-adolescents (P = 0.04).
Forty-three percent of the pregnant adoles-
cents and 30.5% of the non-adolescents felt
anxious at the time of being questioned (SAI
scores >40; P = 0.06). Approximately 63%
of the pregnant adolescents and 51.4% of the
non-adolescents felt generally anxious (TAI
scores >40; P = 0.10).

Spearman correlation coefficients be-
tween salivary cortisol concentrations and
SAI scores for pregnant adolescents and non-
adolescents are shown in Figure 1. Cortisol
concentrations were negatively correlated
with the SAI scores in adolescents (r = -0.39;
P = 0.01). There was a statistically signifi-
cant difference (P = 0.03, t-test) in mean
salivary cortisol concentrations between ado-
lescents with low (≤40) and high (>40) SAI
scores (Figure 2).

Discussion

As far as we know, this is the only epide-
miological study in the literature comparing
self-report anxiety assessed by the STAI and
cortisol concentrations of adolescent and non-
adolescent pregnant women. Our results
agree with other studies involving pregnant
adolescents, showing a negative association
between low cortisol concentrations and
symptoms of anxiety, depression, or conduct
disorder (5,17).

Individuals with high HPA axis reactiv-
ity tend to have more significant distress
(anxiety, depression, etc.) symptoms, and
higher cortisol concentrations (18). How-
ever, the association between high cortisol
concentrations and distress has come mainly
from studies of more severely or chronically

Table 2. Salivary cortisol concentrations and anxi-
ety scores for adolescent and non-adolescent
pregnant women.

Adolescents Non-adolescents
(N = 50) (N = 178)

Cortisol 14.17 ± 6.78 13.81 ± 8.51ns

SAI 39.68 ± 9.52 37.04 ± 7.96ns

TAI 43.96 ± 9.94 40.5 ± 10.25*

Data are reported as means ± SD of cortisol con-
centration in nmol/l. SAI = State Anxiety Inven-
tory; TAI = Trait Anxiety Inventory (Ref. 9).
*P = 0.042, nsP > 0.05 compared to adolescents
(Student t-test).
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Figure 1. Regression analysis of salivary cortisol versus anxiety scores for adolescent (N =
50) and non-adolescent (N = 178) pregnant women. Anxiety scores were obtained by
application of the State Anxiety Inventory (SAI, Ref. 9).
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Figure 2. Comparison of mean salivary cortisol with low (≤40) and high (>40) anxiety scores
in adolescent (N = 50) and non-adolescent (N = 178) pregnant women. The square in the
center of the box plot corresponds to the mean. The horizontal lines of the box correspond
to the 25th and 75th percentiles and the bars to the maximum and minimum values.
Anxiety scores were obtained by application of the State Anxiety Inventory (Ref. 9).
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distressed subjects (19-21), and does not
seem to be significant in healthy adults
(22,23). Cortisol concentrations are high not
only in severely or chronically distressed
adults, but also in pregnant women (2,24-
26). Nevertheless, it should be emphasized
that the high concentrations of cortisol in
pregnancy are not pathological.

In contrast to data obtained for distressed
adults, lower concentrations of cortisol and
CRH were associated with depression and
conduct disorder symptoms in pregnant ado-
lescents (5,17), indicating a pattern of hypo-
responsiveness of the HPA axis in these
women. Ponirakis et al. (12) reported that
pregnant adolescents with higher negative
TAI scores and lower salivary cortisol con-
centrations had more positive birth outcomes.
The HPA axis reactivity in the non-hypoth-
esized direction in pregnant adolescents does
have some explanations. The neuroendo-
crine changes unique to pregnancy in ado-
lescence may account in part for this finding,
considering the puberty-related hormone
changes during this period of life. Gonadal
steroid concentrations are still increasing in
adolescents after menarche (27). Therefore,
adolescents are in a period of life during
which rapid biological and even psychoso-
cial development occurs. The less mature
hypothalamic-pituitary-gonadal axis in ado-
lescence, along with the many hormonal
changes in pregnancy, may interact with the
HPA axis or with psychological factors in
some unknown way, producing emotional
changes in pregnant adolescents (5). An-
other explanation is that the high CRH and
cortisol concentrations reported in depressed
adults may be interpreted as a result of at-
tempts at homeostasis following repeated
depressive symptoms (17). Although ado-
lescence is a distressful period for some
women (6,8,28), adolescents experience a
relatively shorter history of distress com-
pared to adults, and probably the distress-
related alterations in HPA feedback systems
have not yet become established (17). Thus,

low cortisol may be a physiological correlate
of depression and anxiety during pregnancy
in adolescence.

In the few studies of the HPA axis in
adolescents (non-pregnant) with depression
(7,29-32), it seems that there are few consist-
ent HPA axis changes comparable to adults
with depression (e.g., hypercortisolism). In a
study carried out by Dorn et al. (33), de-
pressed adolescents did not show the pre-
dictable ACTH and cortisol response to an
ovine CRH challenge test. Non-suppression
of cortisol secretion during the “dexametha-
sone suppression test”, a marker of some
types of adult depression, was shown to be
unreliable and non-specific in children and
adolescents (34,35).

While cortisol levels are known to in-
crease significantly in pregnant women, the
exact role of these higher levels is not fully
understood. A study involving mainly adult
pregnant women reported little association
between psychological scores and cortisol
concentrations (36). Smith et al. (37) did not
find significant correlations between corti-
sol levels and mood disturbances in a study
involving adult and adolescent primiparous
women. Smith and Thomson (38) reported
that during pregnancy the HPA axis shows
loss of the normal suppression of cortisol by
dexamethasone, and elevated basal levels of
cortisol with preservation of a diurnal rhythm,
features also found in patients with endoge-
nous depression. It is possible that the unique
physiological and psychological changes of
pregnancy lead to different relations between
cortisol levels and self-report anxiety than
those observed in non-pregnant individuals.
We agree with McCool et al. (11) and Dorn
and Susman (5) when they emphasize the
need to know more about the physiology of
pregnancy, in particular the HPA axis, and
whether the physiology of pregnancy in ado-
lescence is different from that in adults.

Therefore, future larger epidemiological
studies should be conducted to investigate
hormonal concentrations and anxiety/depres-
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sion in pregnant and non-pregnant adults
and adolescents and to examine the influ-
ences of age, development and gestational
status on their HPA axis.
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