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Abstract

Endometriosis is a progressive estrogen-dependent disease affecting
women during their reproductive years. The objective of the present
study was to investigate whether endometriosis is associated with
stress parameters. We determined cortisol and prolactin levels in
serum, peritoneal and follicular fluid from infertile women with
endometriosis and fertile women without the disease. The extent of the
disease was staged according to the revised American Fertility Society
classification (1997). Serum and peritoneal fluid were collected from
49 women aged 19 to 39 years undergoing laparoscopy. Eighteen
women had stage I-II endometriosis and 10 had stage IT1I-IV. Controls
were 21 women undergoing laparoscopy for tubal sterilization. Folli-
cular fluid was obtained from 39 women aged 25-39 years undergoing
in vitro fertilization (21 infertile women with endometriosis and 18
infertile women without endometriosis). Serum prolactin levels were
significantly higher in infertile women with stage III-IV endometrio-
sis (28.9 £ 2.1 ng/mL) than in healthy controls (13.2 + 2.1 ng/mL).
Serum cortisol levels were significantly higher in infertile women
with stage III-IV endometriosis (20.1 + 1.3 ng/mL) than in controls
(10.5 £ 1.4 ng/mL). Cortisol and prolactin levels in follicular fluid and
peritoneal fluid did not differ significantly between groups. The high
levels of cortisol and prolactin in the serum from women with en-
dometriosis might contribute to the subfertility frequently associated
with the disease. Moreover, since higher levels of cortisol and prolac-
tin are often associated with stress, it is probable that stress might
contribute to the development of endometriosis and its progression to
advanced stages of the disease.
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Endometriosis is a clinically insidious
disease, being one of the most common be-
nign diseases affecting women of reproduc-
tive age. It is characterized by the presence
and growth of ectopic endometrial tissue

outside the endometrial cavity. This com-
plex disease is a common gynecologic prob-
lem frequently associated with infertility and
pelvic pain (1). Endometriosis, endometrio-
sis-associated reproductive failure and idio-
pathic infertility are still among the most
difficult problems facing the gynecologist.
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However, the pathophysiology and patho-
genesis of endometriosis are unknown. A
significant number of women who complain
of dysmenorrhea and pelvic pain have en-
dometriosis, and more than 50% of women
with unexplained infertility are diagnosed
with endometriosis by laparoscopy. The in-
cidence of endometriosis seems to be in-
creasing (2-4).

In recent years, considerable evidence
has pointed to immunological changes in the
peritoneal cavity of women with endometrio-
sis. Several studies indicate that immuno-
logical mechanisms are involved in the patho-
physiology of endometriosis and endometrio-
sis-associated reproductive failure (1-7). The
main conclusions of these studies indicate
an increased number of activated macro-
phages and their immune mediators, which
may substantially interfere with reproduc-
tion at various levels, including gamete func-
tion, fertilization, embryo development, and
embryo implantation. Furthermore, women
with endometriosis have reduced cellular
immunity and more specifically a decreased
natural killer (NK) activity in peripheral
blood and in peritoneal fluid (8-10). It is also
well known that parameters associated with
stress can significantly alter several immu-
nological parameters, including the number
of cells as well as their function (for a re-
view, see Ref. 11). Stress, whatever physical
or emotional, activates neurons that secrete
corticotropin-releasing hormone, which re-
sults in higher plasma cortisol levels. Prolac-
tin is also released in response to stressor
stimuli, although its exact role in the re-
sponse to stress is not known (11). Several
lines of evidence suggest that stress, which
is characterized by increased levels of corti-
sol, inhibits NK cell activity. In fact, these
are the cells most susceptible to the effects of
cortisol, and their activity is considered to be
a reliable indicator of the cell immunity
suppression caused by stress (11).

Based on these lines of evidence, we
were interested in determining whether the
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presence of endometriosis is associated with
these stress parameters. Therefore, the pres-
ent study was undertaken to measure corti-
sol and prolactin levels in serum, peritoneal
fluid and follicular fluid from patients with
endometriosis and without the disease.

Material and Methods

Serum and peritoneal fluid were collected
from 49 women aged 19 to 39 years under-
going laparoscopy, which was indicated for
the evaluation of infertility, pelvic pain, or
for tubal ligation.

Endometriosis was diagnosed laparos-
copically. The extent of the disease was
staged according to the revised American
Fertility Society classification (12). Perito-
neal fluid was collected from infertile women
with endometriosis (N = 28) and fertile
women withoutendometriosis (N=21). Eigh-
teen women had stage I-II endometriosis
and 10 had stages III-IV. Controls were 21
women undergoing laparoscopy for tubal
sterilization. None of these women had re-
ceived any hormonal treatment for three
months prior to diagnostic laparoscopy,
which was performed during the secretory
phase. Only patients with regular menstrual
cycles were used in this study.

Follicular fluid was obtained from 39
women aged 25-39 years undergoing in vi-
tro fertilization-embryo transfer at the De-
partment of Obstetrics and Gynecology,
School of Medicine of Ribeirdo Preto (Uni-
versity of Sdo Paulo).

The patients were divided into two
groups: 21 infertile women with endometrio-
sis and 18 infertile women without en-
dometriosis. Endometriosis was diagnosed
according to the revised American Fertility
Society classification during previous diag-
nostic laparoscopy. All control patients (male
factor infertility only) underwent diagnostic
laparoscopy as part of their infertility work-
up and were found to be free of endometrio-
sis implants by visual assessment.
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The study was approved by the Ethics
Committee of the Faculty of Medicine of
Ribeirdo Preto, University of Sdo Paulo and
all patients gave written informed consent to
participate.

Peritoneal fluid collection

Samples of peritoneal fluid were obtained
from Douglas’ pouch as soon as the pelvic
cavity was visualized during laparoscopy
for tubal ligation or evaluation of infertility.
All samples were centrifuged at 400 g for 15
min at4°C and supernatant fluids were stored
in sterile tubes at -20°C.

Follicular fluid collection

Follicular fluid, only of dominant fol-
licles, was used for this study. This permit-
ted the collection of more homogeneous
samples without blood contamination. Oo-
cyte retrieval was performed 34 h after the
injection of hCG. After removal of the cu-
mulus-oocytes complexes, samples of folli-
cular fluid were centrifuged at 600 g at 4°C
for 20 min. The cell-free supernatants were
then stored in sterile tubes at -80°C.

Blood sampling

Blood samples were taken from all pa-
tients undergoing laparoscopy immediately
before the induction of anesthesia, for the
collection of serum. Therefore, no antico-
agulant was used. The supernatant formed
after blood coagulation (serum) was stored
in sterile tubes at -20°C until assayed.

Measurements of cortisol and prolactin

Cortisol and prolactin concentrations in
serum, peritoneal fluid and follicular fluid
were determined by chemoluminescence
using commercial kits from Diagnostics
Products Corporation (DPC, Immulite Sys-
tem, Los Angeles, CA, USA).

For cortisol, the interassay coefficient of
variation was 7.8, 9.6, and 11.2% and the
intra-assay coefficient of variation was 6.4,
9.3, and 10.1% for serum, peritoneal fluid
and follicular fluid, respectively. For prolac-
tin, the interassay coefficient of variation
was 8.8, 7.6, and 9.4% and the intra-assay
coefficient of variation was 11.3, 10.3, and
8.1% for serum, peritoneal fluid and follicu-
lar fluid, respectively.

Statistical analysis

For the collection of blood and perito-
neal fluid, the estimate of sample size was
based on a total of 81 patients distributed as
follows: women with stage I-II endometrio-
sis (N = 29), women with stage III-IV en-
dometriosis (N = 18) and fertile women
without endometriosis (N = 34). However,
some of these patients were not included in
this study because of minimum differences
in their cycles.

In order to determine how many mem-
bers of the population should be selected to
ensure that the population is properly repre-
sented, we used the following formula (for a
review, see Ref. 13):

_ Za/ZG ’
L

where z,, represents the confidence level.
The degree of confidence used was 95%. In
the table of the standard normal (z) distribu-
tion, a 95% degree of confidence corre-
sponds to the value of 1.96; G is the popula-
tion standard deviation (SD), 1 is the sample
size, and E represents the margin of error,
1.e., the maximum difference between the
observed sample mean and the true value of
the population mean.

Therefore, as described in Material and
Methods, for the collection of blood and
peritoneal fluid, a total of 49 patients were
selected for this study. These patients were
distributed as follows: 21 fertile women with-
out endometriosis, 18 infertile women with
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stage I-II endometriosis and 10 infertile
women with stage III-IV endometriosis. For
the collection of follicular fluid a total of 39
women were selected and divided into two
groups: 21 infertile women with endometrio-
sis and 18 infertile women without endome-
triosis (Tables 1 and 2).

The margin of error for the number of
patients included in each group was calcu-
lated using the formula described above.
The degree of confidence used was 95%.

Therefore, for the number of patients in-
cluded in the present study, the mean margin
of error was 4.5%, with a degree of confidence
of 95%. With these statistical values, we con-
sidered the number of patients included in
each group to be appropriate for the param-
eters analyzed in the present study.

The cortisol/prolactin concentrations in
the serum and peritoneal fluid from the dif-
ferent subgroups were compared by the
Kruskal-Wallis test, followed by the Dunn
test. The cortisol/prolactin concentrations in
the follicular fluid from the endometriosis
group were compared with control by the
two-tailed Student #-test. Statistical signifi-
cance was defined as P < 0.05. Results are
reported as mean + SD.

Results
Prolactin concentrations
Prolactin concentrations in women with

and without endometriosis are presented in
Tables 3 and 4. As shown in Table 3, serum
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prolactin levels were significantly higher in
infertile women with stage I1I-IV endometrio-
sis (28.9 £+ 2.1 ng/mL) than in fertile women
without endometriosis (13.2 + 2.1 ng/mL).
Infertile women with stage I-1I endometrio-
sis presented values (23.4 + 3.7 ng/mL) simi-
lar to those of infertile women with stage III-
IV endometriosis. Prolactin levels in perito-
neal fluid did not differ significantly be-
tween different stages of endometriosis (13.5
+ 1.34 ng/mL for stages I-1I; 14.1 = 1.56 ng/
mL for stages III-IV) compared to healthy
controls (11.4 + 1.3 ng/mL). Table 4 shows
that follicular fluid prolactin levels did not
differ significantly between infertile women
with endometriosis (46.5 = 5.2 ng/mL) and
infertile women without endometriosis (44.5
+ 5.2 ng/mL).

Cortisol concentrations

Cortisol concentrations in women with
and without endometriosis are presented in
Tables 3 and 4. As shown in Table 3, serum
cortisol levels were significantly higher in
infertile women with stage III-IV endometrio-
sis (20.1 £ 1.3 ng/mL) than in fertile women
without endometriosis (10.5 + 1.4 ng/mL).
Infertile women with stage I-II endometrio-
sis presented intermediate values (14.8 + 1.2
ng/mL). Cortisol levels in peritoneal fluid
did not differ significantly between different
stages of endometriosis (4.8 = 0.21 ng/mL
for stages I-II and 4.4 + 0.11 ng/mL for
stages III-IV) compared to healthy controls
(4.4 £ 0.13 ng/mL). Table 4 shows that

Table 1. Margin of error based on the number of patients included in each group for the collection of blood and

peritoneal fluid.

Parameters analyzed Fertile women

without endometriosis

Infertile women
with stage IlI-IV

Infertile women
with stage I-Il

(N =21) endometriosis (N = 18) endometriosis (N = 10)
Cortisol in serum (ng/mL) 5.7% 3.7% 3.9%
Cortisol in peritoneal fluid (ng/mL) 3.9% 21% 1.6%
Prolactin in serum (ng/mL) 6.7% 7.2% 4.5%
Prolactin in peritoneal fluid (ng/mL) 5.0% 4.2% 6.8%
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follicular fluid cortisol levels did not differ
significantly between infertile patients with
endometriosis (7.9 + 0.63 ng/mL) and with-
out endometriosis (8.2 + 0.79 ng/mL).

Discussion

Endometriosis is a heterogeneous dis-
ease, strongly associated with hormonal and
immunological alterations. Among the hor-
monal alterations associated with the en-
dometriosis, hyperprolactinemia is one of
the conditions most frequently mentioned in
the literature. Many researchers have inves-
tigated the relation between serum prolactin
levels and infertility in patients with en-
dometriosis, but the results are controver-
sial. Some investigators have suggested that
relative hyperprolactinemia may be respon-
sible for the infertility associated with en-
dometriosis (14-17), whereas others did not
detect a significant increase in prolactin lev-
els in women with endometriosis, thus rul-
ing out hyperprolactinemia as a cause of
infertility (18-20).

Gregoriou et al. (15) observed a direct
correlation between prolactin secretion and
disease stage, with serum prolactin concen-
tration progressively increasing from stage I
to stage IV, a pattern also observed in the
present study, in which infertile women with
stage III-IV endometriosis presented signifi-
cantly higher prolactin concentrations com-
pared to healthy women. We did not detect a
significant difference in prolactin concen-
trations in peritoneal fluid or follicular fluid,
between women with and without en-
dometriosis. Haney et al. (21) also did not
observe a variation of prolactin concentra-
tion in the peritoneal fluid of women with
endometriosis, concluding that the ectopic
endometrium of women with endometriosis
does not secrete prolactin in amounts suffi-
cient to elevate peritoneal fluid concentra-
tions. On the other hand, Hao et al. (22)
observed not only that the ectopic implants
of endometriosis secrete prolactin in a sig-

nificant way, but also that there is a signifi-
cant positive association between prolactin
secretion by ectopic endometrial cells and
the scoring of endometriosis.

Although there is controversy in the lit-
erature, we believe that higher levels of se-
rum prolactin might be associated with en-
dometriosis and its progression, as shown by
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Table 2. Margin of error based on the number of patients included in each group for

the collection of follicular fluid.

Parameters analyzed Infertile women with

endometriosis (N = 21)

Infertile women without
endometriosis (N = 18)

2.4%
4.98%

Cortisol (ng/mL)
Prolactin (ng/mL)

4.4%
5.2%

Table 3. Prolactin and cortisol concentrations in serum and peritoneal fluid of fertile
women without endometriosis, of infertile women with stage I-1l endometriosis and

stage llI-IV endometriosis.

Parameters analyzed Fertile women

Infertile women

Infertile women

without with stage I-II with stage llI-IV
endometriosis endometriosis endometriosis
(N =21) (N=18) (N =10)
Prolactin in serum (ng/mL) 13.2 + 2.12 23.4 + 3.7P 28.9 + 2.1b
Prolactin in peritoneal fluid 114 £ 1.3 13.5 + 1.34 14.1 + 1.56
(ng/mL)
Cortisol in serum (ng/mL) 10.5 + 1.42 14.8 + 1.22 20.1 = 1.3P
Cortisol in peritoneal fluid 44 + 0.13 4.8 + 0.21 44 + 0.11

(ng/mL)

Data are reported as mean +

SD. Different letters indicate statistically significant

differences between means. Absence of letters indicates that there is no significant
difference between groups (P < 0.05, Kruskal-Wallis test, followed by Dunn test).

Table 4. Cortisol and prolactin concentrations in follicular fluid of infertile women
without endometriosis and infertile women with endometriosis.

Parameters analyzed

Infertile women

Infertile women

without with
endometriosis endometriosis
(N=18) (N=21)
Cortisol in follicular fluid (ng/mL) 8.2 + 0.79 7.9 £ 0.63
Prolactin in follicular fluid (ng/mL) 445 + 52 46.5 + 5.2

Data are reported as mean + SD. There was no significant difference between groups

(P > 0.05, Student t-test).
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the present results and in agreement with
most of the evidence reported in the litera-
ture (14-17).

The present study also demonstrated that
the serum cortisol concentrations of infertile
women with stage III/IV endometriosis were
significantly elevated compared to fertile
women without endometriosis. In peritoneal
and follicular fluid, we failed to detect a sig-
nificant variation of cortisol concentration be-
tween groups. However, Smith et al. (23)
reported that cortisol levels were reduced in
the periovulatory follicle of infertile women
with minimal-mild endometriosis, compared
with controls (women with tubal infective
damage). Their findings provide further evi-
dence of follicular dysfunction contributing to
the subfertility associated with minimal-mild
endometriosis. The role of glucocorticoids in
human oocyte maturation is not fully under-
stood, but the presence of active glucocorti-
coid (cortisol) may be important for oocyte
maturation and embryo implantation. Con-
ception and embryo transfer have been associ-
ated with higher intrafollicular cortisol con-
centrations (24).

The divergence between our results and
those obtained by Smith et al. (23) leads us
to ask whether there might be different physi-
ological subtypes of endometriosis that pro-
duce different hormone profiles. We believe
that further studies should be conducted in
order to clarify the specific conditions that
might lead or not to an alteration of cortisol
concentrations in follicles of women with
endometriosis.

The higher levels of serum cortisol in
women with endometriosis might be associ-
ated with either physical or emotional stress,
which may contribute to the development of
the disease. The pathogenesis of endometrio-
sis remains obscure. In the last years, consid-
erable evidence has pointed to immune changes
in the peritoneal cavity that may contribute to
the development of endometriosis. There is
substantial evidence that immunological fac-
tors play a role in the pathogenesis of en-
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dometriosis and endometriosis-associated re-
productive failure. Several lines of evidence
indicate stress-related hormones as immuno-
suppressive agents, which present a range of
effects on the immune system (11).

Stress activates neurons that secrete cor-
ticotropin-releasing hormone, which results
in higher plasma cortisol levels. Prolactin is
also released in response to stressor stimuli,
although its exact role in the response to the
stress is not known (11). In the present study,
we observed an increase of both cortisol and
prolactin in infertile women with endometrio-
sis.

It is well known that women with en-
dometriosis have a decreased cellular immu-
nity and a decreased NK activity in peripher-
al blood and in peritoneal fluid (8-10). Stress,
which is followed by increased cortisol lev-
els, inhibits NK cell activity. In fact, these
cells appear to be the most susceptible to the
suppressive effects of stress and NK cell
activity is considered to be a reliable indica-
tor of cell immunity suppression caused by
stress (11). Thus, the increase of prolactin
and cortisol secretion and the simultaneous
reduction of NK cell activity in women with
endometriosis are strong clues of a probable
association between endometriosis and stress.

Numerous theories have been proposed
for the origin of endometriosis. Cellular and
biochemical constituents of peritoneal fluid
have been reported to play an important role
in the pathogenesis of endometriosis (for a
review, see Refs. 2 and 25).

It has been postulated that viable en-
dometrial cells reaching the peritoneal cav-
ity by retrograde menstruation could im-
plant more easily in women with a defective
immunological defense mechanism (26). The
lower activity of NK cells and T lympho-
cytes in the peritoneal cavity might be the
key factor in the deficient elimination of
ectopic endometrium (27).

The peripheral increase of cortisol, which
inhibits both NK cell activity and T lympho-
cytes, could favor the development of en-
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dometriosis in women predisposed to devel-
oping the disease. Thus, women submitted
to higher levels of stress, might be more
vulnerable to developing endometriosis.
Whether the serum cortisol increase in
women with endometriosis is one of the
multiple causes of endometriosis or just a
consequence of the disease is a complex
question which requires further study. How-
ever, the increase of cortisol secretion in

infertile women with endometriosis broad-
ens the perspectives for the understanding of
the pathogenesis of endometriosis and of the
infertility often associated with the disease.
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