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Proinflammatory and anti-inflammatory cytokine changes related to menopause
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Abstract

The aim of the study was to determine menopause-related changes in serum levels of main proinflamma-
tory and anti-inflammatory cytokines.

Material and methods: The study included 175 women, who were divided into 5 study groups (group 1 —
fertile women; group 2 — pre- and perimenopausal women; group 3 — postmenopausal women; group 4 — surgi-
cally induced menopausal women; group 5 — women with chronic inflammatory pathology). We evaluated the
serum levels of interleukin (IL)-1a, IL-1B, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-17, IL-20 and of the tumour necrosis
factor (TNF)a with the use of two multiplex cytokine kits. We also determined the serum levels of follicle stimu-
lating hormone (FSH), luteinizing hormone (LH), 17p-estradiol (17p-E2), progesterone (P), dehydroepiandroster-
one (DHEA) and dehydroepiandrosterone sulfate (DHEAS) using sandwich ELISA.

Results: The serum level of IL-1B, IL-8 and TNF-a in women with natural menopause and in women with
surgically induced menopause is significantly higher than in fertile women in the control group. In patients with
surgically induced menopause and in women with natural menopause, IL-8 serum levels are similar to those
seen in patients with chronic inflammatory diseases. There is a statistically significant decrease in serum levels

of IL-20 in women with natural or surgical menopause than in fertile and premenopausal women.
Conclusions: Women in menopause have elevated levels of the key proinflammatory cytokines, i.e. IL-1f,
IL-8 and TNF-a and low serum levels of IL-20 in comparison with fertile women.
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Introduction

Menopause is a turning point in every woman’s life,
the final episode of menstrual bleeding associated with
cessation of the activity of ovarian follicle, resulting in
the permanent cessation of menstruation. The onset of
menopause is generally associated with a hormone de-
ficiency, which is a contributory factor for the increased
incidence of osteoporosis, cardiovascular diseases, vas-
omotor disturbances and cognitive deterioration [1].
Recent studies have established that the onset of men-
opause is associated with a low systemic inflammatory
status, an inflammation manifested by increased serum
levels of the key proinflammatory cytokines, interleukin
(IL)-1, IL-6 or tumour necrosis factor a (TNF-a) [2, 3].

The relationship between hormonal declines as-
sociated with menopause and increased serum levels
of proinflammatory cytokines is not yet fully under-
stood. There are studies showing that postmenopausal
women have elevated serum levels of proinflammatory
cytokines, especially IL-6 and TNF-a [1, 2]. Also, a re-
cent study demonstrated that elevated levels of IL-8 in
premenopausal, perimenopausal and postmenopausal
women and bilateral oophorectomized women with

severe hot flushes were significantly higher than those
in women without hot flushes [4]. On the other hand,
it has been shown that osteoporotic women have in-
creased levels of proinflammatory and adipogenic cy-
tokines at the level of the bone marrow supernatant
fluid (BMSF) [5].

Conversely, anti-inflammatory cytokines are immu-
noregulatory molecules that control proinflammatory
cytokine response and activity; their leading represent-
atives are IL-1 antagonist receptor, IL-4, IL-10, IL-11 and
IL-13 [6]. For example, IL-10 is a cytokine that is cur-
rently regarded as a potential therapy for inflammatory
diseases involving T helper 1-type responses and it in-
duces the differentiation of a subset of regulatory CD4+
T cells (Tr1). These cells were shown to inhibit Th1- and
Th2-type inflammatory responses through the secre-
tion of IL-10 [7].

All these studies suggest the involvement of pro-
inflammatory cytokines in the pathology of most dis-
eases associated with menopause, but none assess the
relationship between proinflammatory and anti-inflam-
matory cytokines at the same time, thus characterizing
a full cytokine profile in menopause. This study aims
to evaluate proinflammatory and anti-inflammatory cy-
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tokine profile in relation to menopause and their rela-
tion to the hormonal status.

Material and methods
Subjects

The study was conducted between 01.02.2011 and
31.12.2011 in “Dominic Stanca” Obstetrics and Gynae-
cology Clinic, Cluj-Napoca, Romania.

The study included 175 patients admitted to the clin-
ic, who were divided into five groups as follows: group |
(control group) — 35 healthy non-pregnant women of
reproductive age (aged 20-40 years old); group Il (pre-
menopausal women) — 40 healthy non-pregnant women
in pre- and perimenopause (aged 46-53 years old), with
regular menstruation or who had been without men-
struation for no more than 6 months; group Il (post-
menopausal women) —40 women in natural menopause
(amenorrhea for at least 12 months) aged 54-65 years
old, excluding patients with surgical or radiation induced
menopause; group IV (surgically-induced menopause) —
35 women in surgically induced menopause (total hys-
terectomy with bilateral adnexectomy or simple bilateral
adnexectomy) for at least 6 months, regardless of their
age; none of the patients included in groups I-IV present-
ed any acute or chronic inflammatory disease or were
under recent corticosteroid treatment or under local oes-
trogen therapy or hormone replacement therapy; group V
(chronic inflammation) — 25 non-pregnant women of re-
productive age (aged 20-40 years old) with chronic in-
flammatory disease associated with low-grade systemic
inflammation (psoriasis — 8 patients, systemic lupus
erythematosus — 8 patients, antiphospholipid syndrome
— 3 patients, alopecia areata — 2 patients, rheumatoid
polyarthritis — 2 patients, scleroderma — 2 patients, en-
dometriosis — 1 patient), excluding patients with natural
or surgically induced menopause before the age of 40,
patients under local oestrogen therapy or hormone re-
placement therapy in the past 12 months.

Before enrolment, the purpose of this study had
been explained to all patients and their informed con-
sent was received. The study was conducted under the
Declaration of Helsinki. The study was approved by the
Ethics Committee of the “luliu Hatieganu” University of
Medicine and Pharmacy, Cluj-Napoca, Romania.

Data were collected for each subject included in the
study in a form containing general and anthropomet-
ric data (weight, height), the heredo-collateral history,
personal pathological history, and data on the age and
onset of menopause, data on the symptoms that ap-
peared after the onset of menopause. The body mass
index (BMI) was calculated as the ratio between the
weight (kg) and the squared height (in metres). 5 ml of
venous blood was collected from each patient before
breakfast, which was used to determine the complete

blood count. Blood was centrifuged and the serum ob-
tained was stored at —20°C for future determinations.

Cytokine dosage

We used multiplex cytokine kits (Fluorokine MAP
Human MultiAnalyte Kit; 2 pieces) in order to measure
serum levels of 11 cytokines: IL-1a, IL-1P, IL-2, IL-4, IL-5,
IL-6, IL-8, IL-10, IL-17, IL-20 and TNF-a. Dose measure-
ments were performed with the use of a Luminex 200
system (Luminex Corporation, Austin, TX, USA) in ac-
cordance with the manufacturer’s specifications (R&D
Systems, Minneapolis, MN, USA). The sensitivity of the
test was specified by the manufacturer (R&D Systems,
Minneapolis, MN, USA) in the informative material in-
cluded in the kits.

The average sensitivity of the test for IL-1la was
0.24 pg/ml|, and the intratest and intertest variation co-
efficients ranged from 6.0% to 6.6% and 9.3% to 14.3%,
respectively. The average sensitivity of the test for IL-1p
was 0.27 pg/ml, and the intratest and intertest varia-
tion coefficients ranged from 5.1% to 5.5%, and 7.4%
to 10%, respectively. The average sensitivity of the test
for IL-2 was 0.89 pg/ml, and the intratest and intertest
variation coefficients ranged from 3.1% to 5.2%, and
9.7% to 13.2%, respectively. The average sensitivity
of the test for IL-4 was 1.75 pg/ml, and the intratest
and intertest variation coefficients ranged from 3.0%
to 4.3%, and 9.4% to 15.9%, respectively. The average
sensitivity of the test for IL-5 was 0.33 pg/ml, and the in-
tratest and intertest variation coefficients ranged from
4.8% t0 6.5%, and 4.5% to 9.5%, respectively. The aver-
age sensitivity of the test for IL-6 was 0.36 pg/ml, and
the intratest and intertest variation coefficients ranged
from 4.3% to 4.7%, and 5.9% to 7.9%, respectively. The
sensitivity of the test for IL-8 was 0.39 pg/ml, and the
intratest and intertest variation coefficients ranged
from 4.6% to 7.8%, and 11.6% to 18.7%, respectively.
The average sensitivity of the test for IL-10 was 0.13 pg/
ml, and the intratest and intertest variation coefficients
ranged from 5.2% to 6.4%, and 7.3% to 10.1%, respec-
tively. The average sensitivity of the test for IL-17 was
0.39 pg/ml|, and the intratest and intertest variation co-
efficients ranged from 3.6% to 5.3%, and 7.6% to 8.1%,
respectively. The average sensitivity of the test for IL-20
was 2.63 pg/ml, and the intratest and intertest variation
coefficients were 6.2% and 9%, respectively. The test for
TNF-a revealed an average sensitivity of 0.6 pg/ml, with
intratest and intertest variation coefficients that ranged
from 3.7% to 4.8%, and 6.2% to 7.3%, respectively.

Determination of steroid sex hormones

The steroid sex hormones were determined based
on the samples stored at —20°C on the EDTA according

163



MENOPAUSE REVIEW/PRZEGLAD MENOPAUZALNY 13(3) 2014

to the technical specifications provided by the manu-
facturer.

Luteinizing hormone (LH) and follicle stimulating
hormone (FSH) serum values were evaluated using im-
munoenzymatic assays by sandwich ELISA, according to
the specifications provided by the manufacturer (NovaTec
Immunodiagnostica GmbH, Dietzenbach, Germany).
The sensitivity of the tests was 0.22 mIU/ml in the case
of LH, and 0.22 mlU/ml in the case of the FSH, while the
coefficients of variation were < 9.21% for intratest and
<7.91% for intertest in the case of the LH, and < 5.1% for
intratest and < 7.6% for intertest in the case of the FSH.

Serum levels of 17p-estradiol (17p-E2), progester-
one (P) and dehydroepiandrosterone sulfate (DHEAS)
were evaluated by competitive ELISA immunoenzymat-
ic assays, according to the specifications provided by
the manufacturer (NovaTec Immunodiagnostica GmbH,
Dietzenbach, Germany). The sensitivity of the tests
was 8.68 pg/ml for 17p-E2, 0.05 ng/ml for B, 0.03 mg/
ml DHEAS. The coefficients of variation were < 9% for
intratests and < 10% for intertest in the case of 17p3-E2,
< 4% for intratests and < 9.3% for intertests in the case
of P and < 5.7% for intratests and < 9.6% for intertests
in the case of DHEAS.

To determine dehydroepiandrosterone (DHEA) we
used ELISA competitive immunoenzymatic assay, in ac-
cordance with the manufacturer’s specifications (DRG
Instruments GmbH, Marburg, Germany). The sensitivity
of the test was 0.108 ng/ml, with the coefficients of
variation ranging between 3.84% and 6.92% in the case
of the intratests, and 3.75% and 9.96% in the case of
the intertests.

Statistical analysis

Data are presented as the group mean (SD) and me-
dian (1t quartile — 3" quartile). We compared baseline
data using a t test for continuous variables. Pearson’s
simple correlation allowed us to study the association
between two variables. Statistical analyses were per-

formed using SPSS software (version 15.0, SPSS Inc,
Chicago, IL) and STATA software (version 9.1, StataCorp,
4905 Lakeway Drive, College Station, Texas 77845 USA).

Results

Table | presents all the parameters considered for
the study. Significantly low values of 178-E2 and p are
noted, for menopause groups, as well as a significant
increase in FSH and LH when compared to group 1 (con-
trols) (p < 0.001).

Serum concentration of IL-20 was detectable in all
women under the study. Serum concentrations of IL-1p,
IL-2, IL-4, IL-6, IL-8, IL-10, IL-17 and TNF-a were detected
in 74.28%, 55.42%, 56.57%, 56.57%, 98.28%, 47.42%,
47.42%, respectively, that is 89.71% of the patients
under the study. By contrast, serum concentrations of
IL-1a and IL-5 were detected in only 6.85% and 16.57%,
respectively, of the patients.

IL-1a showed undetectable levels in groups 1, 2, 3
and 4. In the case of fertile patients with chronic inflam-
matory diseases (group 5), 12 patients had detectable
amounts of IL-1a (mean (SD): 181.06 (42.98), median:
185.2), the remaining patients having values below the
minimum detectable value. IL-5 was sporadically de-
tected in groups 1, 2 and 5 and we could only find a sin-
gle value in group 3 and no value in group 4. The data
obtained on IL-5 could not be interpreted statistically.

As shown in Figure 1, IL-1B serum levels were sig-
nificantly higher in patients with natural and surgically
induced menopause compared with patients in the
control group (mean 5.318, 3.479, and 2.317, respec-
tively; p = 0.033, p = 0.05, and p = 0.014, respectively).

Regarding IL-2, IL-4 and IL-6, detectable values were
present in groups 1, 2 and 5, while in groups 3 and 4,
including women with natural and surgically induced
menopause, their values were below the minimum de-
tectable level. The results show that for all cytokines,
the median serum levels showed no statistically signifi-
cant differences between fertile patients and patients

Tab. I. Descriptive statistics of variables considered for the study

Variable Calculated parameters Group 1 Group 2 Group 3 Group 4 Group 5

Age Mean £ SD 382+54 51.5+£0.7 58.2+3.6 48.5+3.1 345+5.6
Weight Mean + SD 69.5 + 14.2 720%4.6 753 +£13.5 73.4+8.7 61.7+58
BMI Mean £ SD 254 +53 27.5+3.9 29.1+£5.2 280+3.4 247 £1.3
FSH Mean £ SD 222+191 123+ 175 61.7 + 30.4* 80.3 £35.9 4.17 +3.39
LH Mean £ SD 547 £6.77 15.6 + 10.6 20.5 + 8.64 32.0+12.8 6.75 £ 3.52
17BE, Mean £ SD 22.7 £31.1 60.8 £ 133.0 0.115+0.411* 1.68 +6.41 7.61+6.77
Progesterone Mean + SD 4.04 +6.39 1.39 +4.50 0.137 £0.301 0.225+0.276 298 +£3.74
DHEA Mean + SD 12.4 +5.81 9.05 + 4.08 8.56 + 6.37 11.3+7.96 10.8 + 4.35
DHEAS Mean + SD 493 +3.60 1.59 +1.37 24.0 £ 55.5 3.30+2.73 6.39 £4.30

*p < 0.001 compared to group 1
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in pre-menopause. In contrast, fertile patients with as-
sociated chronic inflammatory diseases (group 5), have
serum levels of IL-2, IL-4 and IL-6 that are significantly
higher than in fertile and premenopausal patients with-
out chronic inflammatory diseases. Table Il presents
mean IL-2, IL-4 and IL-6 levels.

IL-8 serum levels were significantly higher in
postmenopausal women and in women with surgi-
cally induced menopause compared to fertile wom-
en without chronic inflammatory disease (p < 0.001,
and p = 0.045, respectively), while IL-8 serum lev-
els in fertile patients without chronic inflammatory
diseases were significantly lower than in those with
inflammatory pathology (p = 0.02). IL-8 serum levels
in groups 3 and 4 — post-menopause and surgically
induced menopause — are similar to those in group 5
— chronic inflammation. All these data are presented
in Table III.

Table IV shows that there is no correlation between
serum levels of IL-8 and 17(-E2 or DHEA values in pre-,
peri- and postmenopausal women and in patients with
surgically induced menopause.

IL-10 and IL-17 had detectable values only in groups
1, 2 and 5, while in groups 3 and 4, their values were
below the minimum detectable level. There were no sta-
tistically significant differences between the 3 groups
for any of the two interleukins. Table V shows the se-
rum levels obtained.

Regarding IL-20, we detected a statistically signifi-
cant decrease in serum levels in postmenopausal wom-
en and with surgically induced menopause in compari-
son with those in fertile and premenopausal women
(mean 1.001, 2.345, 3.153, and 3.371, respectively;
p < 0.001, and p = 0.05, respectively). Figure 2 presents
the mean IL-20 value among the 4 groups, the standard
deviations and the p-values.

At the same time, Figure 3 shows that serum lev-
els of TNF-a in postmenopausal women and in pa-
tients with surgically induced menopause were signif-
icantly higher compared with those in fertile women
in the group control (mean 81.47, 107.03, and 49.39,
respectively; p = 0.034, p = 0.038, and p = 0.009, re-
spectively).

IL-1p mean level
w

4
2
1
0 T T T

Group 1 Group 3 Group 4  Group 3 + 4**
Control Post- Surgically
menopause™  induced
menopause**
**p < 0.005

Fig. 1. IL-1p levels in fertile women and in women with natural
menopause or with surgically induced menopause

Discussion

In our study we demonstrated changes in serum
levels of 11 pro- and anti-inflammatory cytokines and
changes occurring during the menopausal transition.
IL-1a, IL-1B, IL-2, IL-4, IL-5, IL-6, IL-8, IL-10, IL-17, IL-20
and TNF-a serum levels were measured using a Lumi-
nex 200 system. Previous studies evaluated the pos-
sibility of detecting serum cytokines related to meno-
pause, but with different limitations due to the small
volume of the sample, or due to the small number of
markers studied [8-11]. More recent studies using Lu-
minex technology have managed to simultaneously
evaluate a large number of cytokine markers, while
also assessing the temporal reproducibility of these cy-
tokines in serum samples [12-15].

In this study we showed that IL-1p, IL-8 and TNF-a
serum levels are significantly higher in women with
natural and surgically induced menopause than in fer-
tile women in the control group. Moreover, in patients
with natural and surgically induced menopause, IL-8 se-
rum levels are similar to those seen in patients present-
ing chronic inflammatory diseases. A recent study con-
firmed the presence of elevated serum levels of IL-8 in

Tab. Il. Comparison of serum levels of IL-2, IL-4 and IL-6 in study groups

Comparison IL-2 IL-4 IL-6

between Mean (SD) Median  p-value Mean (SD) Median  p-value Mean (SD) Median  p-value
Group 1 103.8 (5.99) 105.4 84.88 (1.468)  84.98 64.53 (5.119)  62.69

VS. 1.000 0.178 0.385
group 2 104.7 (5.91) 105.4 84.50 (0.707)  84.65 63.61 (3.685)  62.69

Group 1 103.8 (5.99) 105.4 84.88 (1.468) 84.98 64.53 (5.119) 62.69

VS. 0.0004 0.014 0.039
group 5 187.3 (86.85) 171.5 133.5 (91.79) 98.32 91.73(62.32)  vs. 68.85

Group 2 104.7 (5.91) 105.4 84.50 (0.707) 84.65 63.61 (3.685) 62.69 0.034
VS. 0.0004 0.013 :
group 5 187.3 (86.85) 171.5 133.5 (91.79) 98.32 91.73 (62.32) 68.85
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Tab. Ill. Comparison of serum levels of IL-8 depending in study
groups

Compared groups Mean SD p-value

233.0 226.5
Group 3 vs. <0001
group 1 84.88 82.32

233.0 226.5
Group 3 vs. <0001
group 2 78.05 95.06

148.0 162.0
Group 4 vs. 0.045
group 1 84.88 82.32

148.0 162.0
Group 4 vs. 0.029
group 2 78.05 95.06

193.4 202.3
Group 3, 4 vs. <0.001
group 1, 2 81.24 88.81

152.3 121.0
Group 5 vs. 0.020
group 1 84.88 82.32

233.0 226.5
Group 3 vs. 0.063
group 4 148.0 162.0

233.0 226.5
Group 3 vs. 0.067
group 5 152.3 121.0

148.0 162.0
Group 4 vs. 0.907
group 5 152.3 121.0

193.4 202.3
Group 3, 4 vs. 0.226
group 5 152.3 121.0

postmenopausal women presenting severe hot flushes
compared with women without hot flushes; therefore,
this cytokine may be involved in the occurrence and
severity of hot flushes [4]. An association between se-
rum levels of IL-8 and peripheral vasodilatation has also
been reported [16]. Recent studies have suggested that
IL-1B has a gene polymorphic role in the pathogenesis
of osteoporosis in postmenopausal women, which is an
independent risk factor for osteoporosis, but that IL-1
could participate in the primary reduction of bone mass
in children [17-19]. On the other hand, it seems that
TNF-a is involved in tumour-induced bone resorption
and in non-tumour induced osteopenia [20].

We also found a statistically significant decrease in
serum levels of IL-20 in women in menopause and in
women in surgically induced menopause, than in fertile

Tab. IV. IL-8 association with 17p-E2 and DHEA

Grou Correlation Correlation value
P between coefficient P

IL-8 and 17B-E2 -0.223 0.166
Group 2

IL-8 and DHEA 0.034 0.835

IL-8 and 17B-E2 -0.023 0.888
Group 3

IL-8 and DHEA 0.113 0.487

IL-8 and 17B-E2 -0.213 0.219
Group 4

IL-8 and DHEA 0.001 0.996

and pre-menopausal women. It seems that IL-20 is in-
volved in a number of diseases associated with chronic
inflammation, such as psoriasis, rheumatoid arthritis
and atherosclerosis [21]. It has been shown that IL-20
and its receptor are expressed in atherosclerosis
plagues, which may be involved in the onset and pro-
gression of atherosclerosis and cardiovascular diseases
[22]. At the same time, there are previous studies that
reported elevated serum levels of IL-20 in obese women
compared with normal weight women, and these lev-
els decreased after weight loss [23]. Currently, there
are no studies to investigate the changes in serum lev-
els of IL-20 in relation to menopause. Our study does
not support the pro-inflammatory effect of IL-20 after
menopause, as the serum levels are lower compared
to the genital activity period. On the other hand, the
contradictory results could be due to different selection
of patients and more studies are needed to clarify the
IL-20 effect after menopause.

Regarding the other cytokines studied, except for
IL-1a and IL-5 whose values could not be interpreted
statistically, IL-2, IL-4, IL-6, IL-10 and IL-17 were detect-
ed in groups 1, 2 and 5 in significant proportions, be-
tween 64% and 100% and were undetectable in groups
3 and 4. Failure to detect these cytokines in groups 3
and 4 could be a result of the use of regular assays for
cytokine detection instead of high-sensitivity assays.
In the case of IL-2, IL-4, IL-6, there was no statistically
significant difference between fertile patients and pre-
menopausal patients. In contrast, chronic inflammatory
pathology-associated serum levels of IL-2, IL-4 and IL-6
were significantly higher than in women without chron-
ic inflammatory diseases —in both fertile and premeno-

Tab. V. Comparison of serum levels of IL-10 and IL-17 in study groups

Comparison between IL.-10 IL-17

Mean (SD) Median p-value Mean (SD) Median p-value
Group 1 vs. 0.689 (0.809) 0.542 0.325 0.959 (1.125) 0.349 0.394
group 2 8.129 (44.06) 0.542 ‘ 1.245 (1.436) 0.349 :
Group 1 vs. 0.689 (0.809) 0.542 0.249 0.959 (1.125) 0.34 0.220
group 5 31.75 (103.7) 0.709 ’ 55.85(213.4) 0.998 ’
Group 2 vs. 8.129 (44.06) 0.542 0393 1.245 (1.436) 0.349 0923
group 5 31.75 (103.7) 0.709 : 55.85 (213.4) 0.998 ‘
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*p < 0.001, **p <0.001

Fig. 2. The levels of IL-20 in fertile and in pre-, peri- and post-
menopausal women

pausal women. At the same time, IL-10 and IL-17 do not
show statistically significant differences between the
3 groups. Previous studies have reported an increase of
IL-6 in menopause, this increase was present even in
the absence of inflammatory diseases or trauma [2, 24,
25]. Also, recent studies show an increase in IL-2 and
IL-6 in relation to menopause and their involvement in
major depressive disorders [26, 27]. IL-4 and IL-10 are
part of anti-inflammatory cytokines. There are studies
showing an increase in inflammatory cytokines IL-4,
IL-10 and IL-12, alongside TNF-a, after menopause, as
a compensatory mechanism, by which these cytokines
counteract to pro-inflammatory TNF-a [28]. As far as
IL-17 is concerned, currently there are no studies to
clarify its relation to menopause. Instead, there are nu-
merous studies showing the pro-inflammatory role of
IL-17 and its involvement in immune and autoimmune
diseases, such as rheumatoid arthritis, asthma, lupus
or antitumor immunity [29, 30]. Our study does not
confirm nor deny the pro-and anti-inflammatory role af-
ter menopause of the above cytokines, due to the lack
of serum levels in the groups including postmenopausal
and surgically induced menopausal women.

Increased levels of pro-inflammatory cytokines and
changes in serum levels of anti-inflammatory cytokines
after menopause may be associated with monocytes
and macrophages function, which is impaired due to
oestrogen deficiency. The implications of these cy-
tokines in the development and progression after
menopause of important diseases such as osteoporo-
sis, cardiovascular diseases, hot flushes or depressive
syndrome, have been extensively studied, but there are
still many gaps.

The main limitation of our study is lack of high-
sensitivity assays usage instead of regular assays, as
the former could probably offer the possibility to de-
tect much smaller values of the cytokines studied and
therefore small changes in their serum levels after men-

120

100

80
60
40
20
0 . : .

IL-1p mean level

Group 1 Group 3 Group 4  Group 3 + 4**
Control Post- Surgically
menopause**  induced
menopause**
**p < 0.005

Fig. 3. Comparison of serum levels of TNF-a in patients with
natural and surgically induced menopause compared with
those in fertile patients

opause. However, the use of the multiplexed cytokine
assay is a more effective alternative for the determi-
nation of several cytokines, by reducing the plasma
volume required, the time needed, and by increasing
sensitivity and reducing costs.

Conclusions

Our study examined the changes that occur at men-
opause in the case of 11 pro-inflammatory and anti-
inflammatory cytokines using the multiplexed cytokine
assay. We have shown that IL-1p, IL-8 and TNF-a serum
levels are significantly higher in women with natu-
ral and surgically induced menopause compared with
those in fertile women in the control group, and that
in fertile patients, without chronic inflammatory dis-
eases, serum levels of IL-8 are significantly lower than
in those with inflammatory pathology. By contrast, IL-8
serum levels in postmenopausal and surgically induced
menopausal women are similar to those in women
presenting chronic inflammatory pathology. We have
also shown a statistically significant decrease in serum
levels of IL-20 in women with menopause or surgically
induced menopause than in fertile and premenopausal
women. Further studies are needed to fully clarify all
the discrete changes that occur in the serum levels of
the key pro- and anti-inflammatory cytokines in rela-
tion to menopause.
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