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Abstract

Background: Gender medicine requires a global analysis of an individual’s life. Menopause and
ageing induce variations of some cardiometabolic parameters, but, it is unknown if this occurs in a
sex-specific manner. Here, some markers of oxidative stress, systemic inflammation, and endo-
thelial dysfunction are analysed in men younger and older than 45 years and in pre- and post-
menopausal women.

Methods: Serum and plasma sample were assayed for TNF-a and IL-6, malondialdehyde and
protein carbonyls and for methylated arginines using ELISA kits, colorimetric methods and capillary
electrophoresis.

Results: Before body weight correction, men overall had higher creatinine, red blood cells and
haemoglobin and lower triglycerides than women. Men younger than 45 years had lower levels of
TNF-a and malondialdehyde and higher levels of arginine than age-matched women, while
postmenopausal women had higher IL-6 concentrations than men, and higher total cholesterol,
triglycerides, creatinine and IL-6 levels than younger women. Men younger than 45 years had lower
total cholesterol and malondialdehyde than older men. After correction, some differences re-
mained, others were amplified, others disappeared and some new differences emerged. Moreover,
some parameters showed a correlation with age, and some of them correlated with each other as
functions of ageing and ageing/menopausal status.

Conclusions: Ageing/menopausal status increased many more cardiovascular risk factors in
women than ageing in men, confirming that postmenopausal women had increased vascular vul-
nerability and indicating the need of early cardiovascular prevention in women. Sex-gender dif-
ferences are also influenced by body weight, indicating as a matter of debate whether body weight
should be seen as a true confounder or as part of the causal pathway.
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Introduction

It is now becoming widely recognized that there = variables that greatly impact the epidemiology, natu-
are important sex and gender differences in health  ral history and treatment of diseases [1, 2]. Gender
and medicine [1-3]. In fact, sex and gender are critical = medicine requires a complex analysis of all aspects of
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an individual’s life (for example, ageing), including
female-specific reproductive life factors such as
menopause [1, 2]. Menopause is a natural step in the
process of ageing, characterized by the loss of repro-
ductive ability due to the cessation of ovarian func-
tion, which leads to the modification of numerous
systems, including the immune system [4]. Evidently,
it is difficult to conceptually separate ageing from the
effects of menopause. Thus, we prefer to use the term
ageing/menopausal status to reference this process in
women.

It has been reported that serum/ plasma levels of
pleiotropic inflammatory cytokine tumour necrosis
factor-a (TNF-a), which play a key role in a variety of
biological processes including endothelial activation
and oxidative stress [5, 6], and the multifunctional
cytokine interleukin-6 (IL-6), which play key roles in
immune regulation, inflammation etc., [7] are proba-
bly changed during ageing/menopausal status and
ageing [8-11]. Furthermore, it has been reported that
ageing (in men) and ageing/menopausal status may
alter levels of circulating antioxidants and increase
oxidative stress, although no univocal results have
been observed [12-14]. Inflammation and oxidative
stress play a part in the development of endothelial
dysfunction, which has a pivotal role in the onset of
cardiovascular diseases, especially in women [15].
Endothelial dysfunction is linked to alterations in the
nitric oxide (NO) system, including its precursor
L-arginine, the endogenous inhibitor of NO synthase,
asymmetric dimethylarginine (ADMA) [16], and
symmetric dimethylarginine (SDMA), which seems to
favour inflammation [17]. Recently, it has been shown
that ADMA is a good marker of endothelial dysfunc-
tion and is increased in menopause [18] and ageing
[19].

Thus, in light of the recently increasing evidence
of variability in multiple cardiometabolic biomarkers
induced by ageing and ageing/menopausal status, we
evaluated some markers of oxidative stress, such as
malondialdehyde (MDA) and carbonyls, systemic
inflammation (IL-6, TNF-a), and ADMA in men un-
der the age of 45 years and men older than 45 years, as
well as in pre- and post-menopausal women, in order
to determine whether they varied in a sex-specific
manner. Moreover, because body weight represents a
peculiar sex-gender difference, all parameters were
analysed before and after body weight correction.

Materials and methods

Population

The study was approved by the local ethical
committee of ASL 2 Olbia. Verbal informed consent
was obtained from each study participant (blood do-

nors) prior to collection.

The study populations were composed of
healthy, non-obese, non-smoking adults who had not
used drugs (including hormonal contraceptives or
hormone replacement therapy, for women) for at least
3 months. Forty women were of fertile age with reg-
ular menstrual cycles (27-29 days), 39 women were in
menopause (at least one year without menstrual cy-
cle), 45 men were under the age of 45 years and 35
men were older than 45 years. All procedures were
conducted in accordance with the Declaration of Hel-
sinki.

Blood sample collection and haematological
analysis

Fasting blood samples (between 8:00 and 10:00
am) were obtained from the antecubital vein and col-
lected using the appropriate anticoagulant; serum
aliquots were used within 1 month after storage at -80
°C. Other plasma/serum aliquots were immediately
used to measure fasting glucose, total cholesterol,
triglycerides, and creatinine using standard labora-
tory procedures. Full blood aliquots were used to
measure red blood cell (RBC), white blood cells
(WBC), platelet (PLT) counts and haemoglobin. All
parameters were measured in the same subject sim-
ultaneously, thus allowing for an analysis of correla-
tion between the variables to be performed and
changes that might have clinical relevance to be iden-
tified.

TNF-a and IL-6 detection

Serum levels of TNF-a and IL-6 were detected
using commercial kits (Quantikine HS Elisa, R&D
System) following manufacturer’s instructions. A
standard curve for TNF-a and IL-6, respectively, was
used to calculate the content in cytokines of analysed
serum samples. Each sample was assayed in dupli-
cate.

MDA detection

Serum MDA levels were measured as described
in Campesi et al. [20]. The quantification was spec-
trophotometrically performed at 535 nm by measur-
ing the absorbance produced by the sample. Stand-
ards of MDA at known concentration (5, 10, 25, 50
M) were used to construct the calibration curve.
Each sample was assayed in duplicate.

Carbonyls detection

Serum carbonylated proteins were quantified as
described in Campesi et al. [21], exploiting the deri-
vatization of the carbonyl group with dinitrophenyl-
hydrazine (DNPH; 10 mM in HCI 2 N). Proteins were
then precipitated with trichloroacetic acid and
re-dissolved in guanidine hydrochloride (6 M in HCl
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2 N) at room temperature. The absorbance was rec-
orded at 370 nm and the carbonyl concentration was
calculated using the extinction molar coefficient of
DNPH (e = 22000) after subtracting the absorbance of
the blank. Carbonyls concentration was normalized
using the protein concentration of blanks measured at
280 nm. Each sample was assayed in duplicate.

Arginine, ADMA and SDMA detection

Serum arginine, ADMA and SDMA were meas-
ured according to Zinellu A, et al. [22]. Briefly, 100 pl
of serum were mixed with 50 pl (100 pmol/L) of LS.
homoarginine; 300 pl of acetonitrile/ammonia (90/10)
were then added to precipitate proteins. After cen-
trifugation at 3,000xg for 5 min, the clear supernatant
was evaporated in vacuum and the residue was
re-dissolved with 200 pL of water and injected in ca-
pillary electrophoresis. Each sample was assayed in
duplicate.

Statistical analysis

Statistical analysis was performed by comparing
men with women as a function of their age, fertile
women versus menopausal women and men <45
years old versus men >45 years old. The distribution
of the samples was assessed using the Kolmogo-
rov-Smirnov and Shapiro tests. Sample size varied for
each analysed parameter due to the availability of
serum samples.

The analysis was performed using the Fami-
ly-Wise Error Rate (FWER) approach, and the values
were corrected for multiple-hypothesis testing using
Bonferroni’s correction (if the probability of type I
error is set at a and m tests are performed; each test is
controlled at the level a* = a/m). This correction

guarantees a probability of a false positive at most
equal to a [23]. The strength of the association be-
tween the pairs of variables was measured using the
Pearson Product Moment correlation coefficient when
the data were normally distributed and with the
Spearman Product Moment correlation coefficient
when the data had a non-Gaussian distribution. All
analyses were performed using SigmaStat software
(Systat Software, Erkrath, Germany).

Results

The analysed groups were well matched for age
and body weight did not present significant intra-sex
differences. However, as expected, women had a sig-
nificantly lower body weight than men (Table 1). Be-
cause of this difference, all parameters were also an-
alysed before and after body weight correction.

Routine haematological and biochemical tests

Intra-sex analysis

In the absence of body weight correction, the in-
tra-sex analysis showed that postmenopausal women
had significantly higher levels of total cholesterol,
triglycerides and creatinine than premenopausal
women (Table 2). Premenopausal and postmeno-
pausal women did not differ in terms of glycaemia,
WBC, RBC, PLT counts and haemoglobin (Table 2).

Table 1. Population characteristics.

Fertile Postmenopausal Men <45 Men

women women years >45years
Age (years) 36.2+7.6 55.445.1 33.848.1  53.545.2
Body weight (Kg) 60.45.9 60.06.6 76.5£9.1%  77.7+9.5*

*P < 0.001 vs. women of the same age

Table 2. Routine haematological and biochemical tests before and after body weight correction.

Fertile women (n =39)

Menopause (n=30)

Male<45 (n=45)

Male >45 (n=31)

Glycaemia Before 81.18 £12.74
(mg/dl) After 1.40£0.19
Total Cholesterol Before 181.69 +30.73
(mg/dh After 3194048
Triglycerides (mg/dl) Before 61.00 +14.00
After 1.09 £ 0.35
Creatinine (mmol /L) Before 0.70 £0.10
After 0.012 £ 0.001
WBC (*1091) Before 7.02+£1.815
After 0.11 £ 0.02
RBC (*102/1) Before 4.64+031
After 0.08 + 0.009
Haemoglobin (g/dl) Before 13.34 £ 0.64
After 0.22 +£0.02
Platelets (*10%1) Before 242.64 + 66.25
After 3.85+0.64

8332+ 1136 80.64 +14.13 86.93 £ 16,91
136+0.15 1.08+0.15° 110+0.11"
219.13+3049° 180.42+3018 209.89 +30.50°
3.64+037° 238+033° 268+036 "
88.0021.00° 81.00 +23.00° 103.00 £ 40.00
1405036 1.08 £0.29 1.28 051
0.80+0.10" 0.90 £0.10° 0.90 +0.10"
0.013 + 0.002 0.012 £ 0.001 0.012  0.001
6.58 £ 1.46 6.35+1.32 6.16£1.20
0.11£0.01 0.08 0.01° 0.08+0.01 "
457£033 510 £ 0.30° 510+ 0.23"
0.08.£0.01 0.07 +0.007 ¢ 0.07 +0.005 *
1310£0.75 14.94+0.82° 1513+ 1.01"
0.21£0.02 0.19£0.02° 0.19+001°
251.14 £ 55.68 238.78 +49.71 23150 + 59.43
3.86+0.83 319+058° 2984058 "

Data are expressed as median + median absolute deviation (MAD). n = number of subjects. Superscript letters represent statistical significance: 2 fertile women vs. post-

menopausal women; ® Men < 45 years vs. Men > 45 years; cMen < 45 years vs. Fertile women; ¢ Men > 45 years vs. postmenopausal women.

http://www.medsci.org



Int. J. Med. Sci. 2016, Vol. 13

127

Men > 45 years had higher total cholesterol
compared to men <45 years, whereas all other pa-
rameters did not change in a statistically significant
manner (Table 2).

After body weight correction, total cholesterol
and triglycerides were still more elevated in post-
menopausal women than in premenopausal woman,
while differences in creatinine levels disappeared. In
men, results after body weight correction did not dif-
fer from the results obtained without body weight
correction (Table 2).

Inter-sex analysis

Before body weight correction, the two cohorts
of men had higher creatinine, RBC, and haemoglobin
levels than the two cohorts of women (Table 2),
whereas glycaemia, total cholesterol, WBC and PLT
counts did not diverge. Moreover, triglycerides were
significantly higher in men < 45 years than in fertile
women (Table 2). Body weight correction changes the
parameters, reaching statistical significance. In par-
ticular, glycaemia, total cholesterol, WBC, RBC, hae-
moglobin and PLT were lower in men than in women,
whereas creatinine and triglycerides were not
changed (Table 2) in both cohorts of men and women.
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Cytokines levels

Intra-sex analysis

No significant intra-sex differences were de-
tected in serum TNF-a levels before and after the
correction for body weight (Fig. 1A-C). Interestingly,
IL-6 was significantly higher in postmenopausal
women versus premenopausal women, and this trend
was confirmed after body weight correction.

Inter-sex analysis

Serum TNF-a concentration reached the highest
levels in premenopausal women and was significantly
different compared to levels in men under the age of
45 years (Fig. 1A). Notably, postmenopausal women
had the highest value of IL-6 levels, which were sig-
nificantly higher than those detected in men older
than 45 years (Fig. 1B). Body weight correction am-
plified the described differences (Fig. 1C-D).

Oxidative stress parameters

Intra-sex analysis

Serum MDA did not vary in the women’s co-
horts but was significantly higher in older men than in
younger men (Fig. 2A), including after body weight
correction (Fig. 2C).

Serum carbonyls did not present any significant
intra-sex difference both before and after body weight
correction (Fig. 2B-D).
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Figure 1. Cytokines levels. (A-C) TNF-a levels before and after body weight correction. (B-D) IL-6 levels before and after body weight correction. White bar =
fertile women (n = 38); grey bar = postmenopausal women (n = 34); Dotted bar = men < 45 years old (n = 37) and stripped bar = men > 45 years old (n = 30). Data

are expressed as the median + MAD. Connectors represent statistical significance.
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Figure 2. Oxidative stress parameters. (A-C) Concentration of MDA before and after body weight correction and (B-D) carbonyl groups before and after body
weight correction in fertile women (n= 39; white bar), postmenopausal women (n = 35; grey bar), men < 45 years old (n = 45; dotted bar) and men > 45 years old
(n = 31; stripped bar). Data are expressed as the median * MAD. Connectors represent statistical significance.

Inter-sex analysis

Before body weight correction, fertile women
had significantly higher MDA concentration than
their male counterparts, while no differences were
detected between postmenopausal women and men >
45 years old (Fig. 2A). When this parameter was cor-
rected for body weight, the difference between fertile
women and young men persisted and, interestingly, a
significant difference was also found between post-
menopausal women and men > 45 years old (Fig. 2C).

Serum carbonyls did not present any significant
inter-sex difference before body weight correction
(Fig. 2B), but both fertile and postmenopausal women
had significantly higher levels of carbonylated pro-
teins than their male counterparts after correction
(Fig. 2D).

Arginine and methylated arginines

Intra-sex analysis

No intra-sex differences existed in arginine,
ADMA and SDMA levels both before and after body
weight correction (Fig. 3).

Inter-sex analysis

Serum arginine levels were significantly higher
in men under the age of 45 years compared to fertile
women before body weight correction, but this dif-
ference disappeared after correcting for body weight
(Fig. 3A-D). Before body weight correction, ADMA
and SDMA did not present any inter-sex differences,
but after body weight correction it was observed that
women overall had the highest levels of ADMA and
SDMA, with a statistically significant difference
compared to their male counterparts (Fig. 3B-C-E-F).

Finally, the ADMA /SDMA ratio, a marker of
ADMA catabolism, did not differ among the studied
groups (Fig. 4A), while the ADMA /arginine ratio, an
indicator of endothelial dysfunction [24], differed
only between fertile women and men under the age of
45 years (Fig. 4B).

Analysis of correlations

In women, age was positively correlated with
total cholesterol and triglycerides before (r = 0.533; P <
0.001 for total cholesterol and r = 0.314; P = 0.008 for
triglycerides) and after body weight correction (r =
0.416; P < 0.001 for total cholesterol and r = 0.299; P =
0.015 for triglycerides).

http://www.medsci.org



Int. J. Med. Sci. 2016, Vol. 13

129

A B 1.0 Cc 1o
< P=0.015
150
0.8 0.8
06 0.6
100 2
=3
3 2
0.4 0.4
50
02 0.2
0 0.0 0.0
0.015 0.015
D E F
as P=0.005
—
0.012 0.012
P <0.001
—
2
0.009 0.009
of o0
= 15 z “
3 : 3
= ES
0.006 0.006
1
0.5 0.003 0.003
0 . . 0 0

Figure 3. Serum arginine, ADMA and SDMA. (A-D) Arginine concentration before and after body weight correction in fertile women (n = 37; white bar), post-
menopausal women (n = 17; grey bar), men < 45 years old (n = 21; dotted bar) and men > 45 years old (n = 20; stripped bar). (B-C): ADMA and SDMA levels before
and (E-F) after body weight correction in fertile women (n = 31; white bar), postmenopausal women (n=15; grey bar), men < 45 years old (n = 19; dotted bar) and
men > 45 years old (n = 19; stripped bar). Data are expressed as the median + MAD. Connectors represent statistical significance.
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Figure 4. (A) ADMA / SDMA ratio and (B) ADMA / arginine ratio in fertile women (n = 28; white bar), postmenopausal women (n = 15; grey bar), men < 45 years
old (n = 19; dotted bar) and men > 45 years old (n = 18; stripped bar). Data are expressed as the means + SD for ADMA/SDMA ratio and as the median + MAD for

ADMA /arginine ratio. Connectors represent statistical significance.

In men, age positively correlated with total cho-
lesterol, triglycerides and glycaemia before correcting
for individual weight (r = 0.457; P <0.001, r = 0.238; P
= 0.042 and r = 0.233; P = 0.047, respectively). After
body weight correction, age and total cholesterol were
still correlated (r = 0.254; P = 0.031), while the correla-
tion with triglycerides and glycaemia disappeared.
Moreover, a negative correlation was detected be-
tween age and RBC (r =-0.311; P = 0.008).

Serum TNEF-a levels were not correlated with age
both in women and men, while IL-6 was positively
associated with age in women both before (r = 0.426; P
< 0.001) and after body weight correction (r = 0.457; P
< 0.001) but not in men (Fig. 5).

No correlation was observed between serum
carbonyls and age, while a significant positive corre-
lation between MDA and age only existed in men
before body weight correction (r = 0.369; P = 0.0011)
(Fig. 6).
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Figure 5. Correlation between age (y) and IL-6 levels (uM) in women (n = 72) before (Panel A) and after body weight correction (Panel B). The chart contains the
equation of the line, the Spearman Product Moment Correlation coefficient and the p-value.
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Figure 6. Correlation between age (y) and MDA levels (uM) in men (n = 76)
before body weight correction. The chart contains the equation of the line, the
Spearman Product Moment Correlation coefficient and the p-value.

Neither arginine nor methylated arginines or
ADMA /SDMA and ADMA /arginine ratios showed
correlation with age in both sexes before and after the
correction for individual body weight.

To get an overview of the possible influence of
each analysed variable on the others, a simple corre-
lation analysis was conducted (Fig. 7). It was observed
that, in postmenopausal women, MDA values were
able to predict ADMA values and vice versa both be-
fore and after body weight correction (r = 0.609, P =
0.0199 and r = 0.657, P = 0.010, respectively), while in
men younger than 45 years, serum carbonylated pro-
teins were able to predict the value of ADMA and vice
versa both before and after body weight correction (r =
0.604; P = 0.0222; r = 0.655, P = 0.011, respectively).

Discussion

Before body correction, ageing/menopausal
status is characterized by a larger increase in the
number of cardiovascular risk factors in women
(cholesterol, triglycerides, IL-6 and creatinine) com-
pared to ageing in men (cholesterol, MDA), confirm-
ing that ageing/menopausal status may be a trigger-
ing event that leads to increased vascular vulnerabil-
ity in women versus men well-matched for age. After
body weight correction, the intra-sex analysis con-

firms that IL-6, total cholesterol and triglycerides are
still more elevated in postmenopausal women than in
premenopausal women, while differences in creati-
nine disappear. Notably, before body weight correc-
tion, TNF-a, MDA and the ADMA /arginine ratio are
higher in fertile women than in young men, while
arginine is lower, and the other parameters are not sex
dependent, indicating that the sex influence is pa-
rameter-specific, as has already been shown [25].

Indeed, it has been previously shown that cor-
rection for body weight attenuated the associations
between biomarkers of endothelial dysfunction or
low-grade inflammation [26]. Here, body weight cor-
rection affects the statistical significance either quali-
tatively or quantitatively because men older than 45
years have higher total cholesterol than men under
the age of 45 years, whereas TNF-a, carbonyl groups,
arginine, ADMA, SDMA, triglycerides, creatinine,
haemoglobin, and blood cells counts do not change. In
this study, it is important to recall that, both before
and after body weight correction, IL-6 levels are posi-
tively associated with age in women and MDA in men
(only before body weight correction), respectively,
suggesting and confirming that age/menopause sta-
tus and ageing behave differently in women and men.
The increase in IL-6 levels and its correlation with age
are in line with the data found in the literature [8, 9,
27, 28], even if some other authors did not find it [29,
30]. Here, the increase in IL-6 is not accompanied by a
TNF-a increase, which, on the contrary, tends to be
higher in premenopausal women than in postmeno-
pausal women, both before and after body correction.
These data are in line with those obtained by O’Brien
et al. [31], even if data on this aspect are not univocal
[8, 32].

Vascular endothelial dysfunction is the first
manifestation of arterial ageing and a decrease in the
bioavailability of the vasodilator NO is considered a
key factor contributing to endothelial dysfunction
[33]. NO is produced by L-arginine which, at least
before body weight correction, shows a small, but
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significant, elevation in young men compared to
age-matched young women. After body weight cor-
rection, the difference in arginine levels disappears,
but ADMA and SDMA are higher in women than in
men independent of age. Thus, arginine, SDMA and
ADMA are not modified by age/menopausal status
or by age in men, independent of body weight cor-
rection. Interestingly, independent of body weight
correction, a positive correlation between MDA and
ADMA exists only in postmenopausal women, while
ADMA and carbonyl groups are positively correlated
only in men < 45 years, indicating that endothelial
dysfunction and oxidative stress markers are linked
and, interestingly, that this relationship involves dif-
ferent parameters in men and in women, suggesting
again that sex differences are parameter specific.

In conclusion, we confirm that oxidative stress,
inflammation and endothelial dysfunction are associ-
ated with ageing/menopause status for women and
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ageing for men [34, 35], but we also show that it oc-
curs in a sex-gender dependent manner. Notably, the
ageing/menopause status elevates more cardiovas-
cular risk factors compared to ageing alone in male
populations, even when the probability of having
obstructive cardiovascular diseases is over 50% lower
in women compared to men [36], indicating the need
to start cardiovascular prevention early in a woman'’s
life, applying sex-specific, evidence-based prevention.
In addition, sex and gender differences are partly in-
fluenced by a subject’s weight, which appears rele-
vant in the inter-sex analysis. Thus, it is questionable
whether body weight should be seen as a true con-
founder or as part of the causal pathway. Considering
that men have a higher weight than women, this point
is relevant for gender medicine. Finally, the results
suggest that the normal range for healthy subjects
should be determined according to sex-gender and
age.
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Figure 7. (A-C) Correlation between MDA levels (uM) and ADMA levels (uM) before and after body weight correction in postmenopausal women (n = 15). (B-D)
Correlation between carbonyl levels (nmol/mg protein) and ADMA levels (uM) before and after body weight correction in men < 45 years old (n = 14). The chart
contains the equation of the line, the Spearman or Pearson Product Moment Correlation coefficient and the P-value.
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