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To the Editor,

Men and women differences are important in epidemiol-
ogy, pathophysiology and treatment of type 2 diabetes
mellitus (DM2). On the other hand, international position
statements on diabetes care do not provide specific rec-
ommendations for females, except in the case of pregnant
women [1].

This is staggering if we think that women with
DM2 carry 40% greater relative risk of coronary heart
disease compared with men. The full explanation of the
increased cardiovascular risk in diabetic women is far
from being completely understood and many biological
factors could be involved, like oxidative stress and anti-
oxidant status.

Chronic inflammation, together with oxidative stress,
is a pivotal factor in the development of DM2 and the pro-
gression of vascular complications [2]. Moreover, in DM2,
a specific impairment in antioxidant capacity has been
well described [3]. It is important to go in depth in the
association between gender and oxidative stress because
oxidative stress is crucial in many diseases that differently
affect males and females, DM2 and atherosclerosis in par-
ticular. Recently, gender differences in antioxidant enzyme
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subunits’ expression have been described, together with
a different activity of these enzymes, between males and
females [4]. Although these studies have been mainly per-
formed on animal or in vitro models, it is now clear that
estrogen may not be the only reason for the differences
between males and females, and that a number of other
mechanisms may play a role in this issue, especially for
cardiovascular disease [4].

No study has investigated the gender differences
in oxidative stress and antioxidant capacity of patient
with DM2, in which cardiovascular disease, atheroscle-
rosis and oxidative stress are strongly connected. We
therefore aimed to assess gender-specific differences in
markers of oxidative stress and antioxidant capacity, in
a population of subjects with DM2 attending for routine
care.

This study involved 56 consecutive patients with
DM2 (36 males and 20 females) attending the Laboratory
Unit of the University Hospital of Padua (Italy), between
January and June 2012, for routine blood sampling. Forty-
one healthy volunteers (24 males and 17 females) free of
cardiovascular disease, none of whom referred history
of significant illness, were also recruited in the same
period as controls. DM2 patients without history of coro-
nary heart disease, proliferative diabetic retinopathy,
clinical diabetic neuropathy and chronic renal failure
were recruited for this study. The information on medical
history, treatments and dietary habits were recorded by
a questionnaire completed by the patients. Patients or
healthy subjects who reported to take any nutraceutical
supplements in the previous 6 months were excluded
from the study.

The study was approved by our Local Human Studies
Committees and has been performed in accordance with
the ethical standards of Declaration of Helsinki. Informed
consent was obtained from all participants.

Plasma glucose and lipid profiles (total, high-density
lipoprotein, low-density lipoprotein cholesterol and tri-
glycerides) were measured using automated assays on
Cobas 8000 (Roche Diagnostics, Mannheim Germany).
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Glucose was measured in plasma samples (sodium fluo-
ride) using an enzymatic (hexokinase) assay [5].

HbA, was measured in whole blood samples with
the high-performance liquid chromatography (HPLC)
procedure (Adams HA-8180 Arkray, Kyoto, Japan).
Inter-assay variation coefficient was 1.36%, whereas
intra-assay was 1.03%, calculated using the National
Glycohemoglobin Standardization Program values (%).
This method for measuring HbA _was aligned with IFCC
standardization [6].

Superoxide dismutase (SOD) was determined by
Cayman Chemical Item no. 706002, using a colorimetric
test that measures all three types of SOD (Cu/Zn, Mn and
FeSOD), with an intra-assay coefficient of variation (CV)
of 3.2% and interassay CV of 3.7%; this method was used
either for catalase (CAT) determination (intra-assay
CV of 3.8%, interassay CV of 9.9%). Concentrations of
malondialdehyde (MDA) and glutathione (GSH) were
detected by HPLC chromosystem procedure (intra- or
interassay CV <3%/<9% and <6%)/2.6%-10.8%, respec-
tively) [7].

Vitamin E concentrations were measured by high-pre-
cision chromatography in a reverse-phase column using
a diode array spectrophotometric detector, according
to Laidman and Hall (intra- or interassay CV <9.5% and
<13.6%) [8].

The sample size was determined by using the
general formula suggested for pilot studies, when effect
size of a quantitative variable is unknown [9]. Quantita-
tive variables are expressed as mean+SD or median and
interquartile range, as appropriate. The normality of dis-
tribution of the considered variables was evaluated with
Skewness and Kurtosis measures. Student’s t-test, for
paired or unpaired data and Wilcoxon singed rank test
were applied, as appropriate. A Pearson’s correlation
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analysis was attempted to evaluate the presence of any
interrelationships between continuous variables.

Clinical features of patients with DM2 and healthy
subjects are summarized in Supplementary Table 1. The
questionnaire analysis did not show significant differ-
ences between males and females in relation to dietary
habits and average amount of physical exercise.

Patients with DM2, considered as a whole, showed a
reduction in plasma concentration of all markers of anti-
oxidant capacity, namely, enzymes like SOD and GSH, and
Vitamin cofactor E, in comparison with healthy subjects.
Indeed, MDA level, and indicator of oxidative stress, was
higher in patients with DM2.

As shown in Table 1, among patients with DM2, female
subjects differed by male counterparts only for fasting
plasma glucose, whereas MDA concentration and markers
of antioxidant capacity appeared not to be statistically dif-
ferent. Moreover, glycemic control as expressed by HbA
was overlapping between female and male.

No gender-specific differences emerged between male
and female in healthy population, regarding markers of
antioxidant capacity.

Pearson’s analysis showed an inverse correlation
between aging and concentrations of SOD and CAT in
patients with DM2, whereas no significant association
has been reported for other antioxidant markers, both in
males and females (Supplementary Table 2). These cor-
relations were closer in female group (Figure 1A). Other-
wise, HbA,_showed no significant correlations with any
antioxidant markers in patients with DM2.

Also in healthy subjects, a close association between
aging and concentrations of SOD and CAT was confirmed,
even then more in the female subgroup (Figure 1B).

Biological, hormonal and sociobehavioral factors
that distinguish males and females also influence their

Table 1: Differences in demographic and clinical markers between female and male subjects, considered in the two groups.

Healthy

Females (n=17)

Males (n=24)

DM 2

Females (n=20)

Males (n=36)

Age, years 40.57+£20.90
BMI, kg/m? 23.431+2.92
Fasting glucose, mmol/L 4.33+0.47
HbA,, % 5.13£0.53
HbA, , mmol/mol 33.0£3.4
MDA, umol/L 0.18+0.08
GSH, umol/L 87.14+34.65
SOD, U/mL 2.19+0.56
CAT, nmol/min/mL 24.84+6.57
Vitamin E, umol/L 26.56 £ 4.47

44.96+14.91 71.75+£12.47 68.62+11.33
25.88+4.02 28.92£4.18 30.58+6.16
5.11£0.90 7.77%1.54 9.42+3.05°
5.39+0.44 7.30x1.14 7.23£1.27
35.0£2.9 56.0+8.8 56.0+£9.8
0.17£0.08 0.26+0.15 0.27£0.21
80.46+30.89 69.45+20.96 72.87+£30.92
2.23£0.38 1.52+0.28 1.56+0.26
25.32+£4.40 13.66£3.28 14.61£3.16
30.96+8.63 18.30+9.37 18.83+£9.62

Data are presented as mean = SD; Student’s t-test for unpaired data.

ap-value <0.01.



DE GRUYTER Chilelli et al.: Gender-related antioxidant capacity in type 2 diabetes =—— €103
A
25 3
*
€ 20 B N . 2.5
£ —— T & * _
G S Y, E ° B P
3 o * 2 15 * W9
Ew * B 4 Ly S s ‘0 ki I3
= L ] Q 1 ¢
< n
© % Rm_ox 05 Re_0.20
0 . 0
40 50 60 70 80 90 40 50 60 70 80 90
Age, years Age, years
B 35, 3.5
¢ 3(e o
- 30 “0 * *
g 25 %___‘7__%-- * _E, 25 H’.‘?
£ . e 5 2 ¢ ——.
s 20 L S > ' 4
E 154 — 8 15 * -ty
g 10 1
5| R?=0.64 051 R2=0.50
0
20 30 40 50 60 70 80 20 40 50 60 70 80

Age, years

Age, years

Figure 1: Scatter plots of correlation between aging and markers antioxidant capacity (SOD, CAT) in females.
(A) With DM2 and (B) healthy females. Aging was inversely associated with serum markers of antioxidation in both groups. R?, is Pearson’s
coefficient. All correlations were statistically significant (p-value <0.05).

different tendency to be enrolled in clinical trials. Prob-
ably because of poorly studied factors, such as the
oxidative-antioxidant balance, different responses
between genders to the same prevention strategies or
pharmacological treatments are often observed. For this
reason, descriptive studies that provide data on gender
differences are very important.

This study reported for the first time an assessment
on gender-specific differences in markers of antioxidant
capacity, both in patients with DM2 and healthy subjects.
We did not observe any significant difference between
males and females with regard to all these biochemical
markers in this population.

On the other hand, we noted a very close relation-
ship between reduced antioxidant capacity and aging in
non-diabetic women. Interestingly, this is in agreement
with the observations of an increased cardiovascular risk
in young women not yet overtly diabetic [10].

This might lead one to suppose that reduction of
markers of antioxidation, which have a pivotal role in
offsetting the negative effect of oxidative stress on car-
diovascular risk, is an early event and more pronounced
in females. In addition, we observed that even in well-
controlled patients with DM2, aging results in a severely
impaired antioxidant capacity.

The lack of correlation between antioxidant markers
and HbA , already suggested by other authors [11], could
in part depend on the fact that our DM2 patients were in

good glycemic control and were free of major complica-
tions. Overall this suggests that, even in well-controlled
DM2 patients, aging may determine an impaired antioxi-
dant capacity in the long term, by means of other poten-
tial factors like advanced glycation end products (AGEs).
Accumulation of these products, mainly influenced by
diet and lifestyle, is closely related with aging, and it is
linked with a number of chronic diseases, including
cardiovascular disease [5].

Although our data do not suggest a gender-specific
difference in the antioxidant capacity, we could not
exclude that early impairment of antioxidant capacity
may lead to an imbalance between oxidation and anti-
oxidation that, along with other female-specific factors,
could determine this increased risk.

Our study, as well as observational and “real-life”, is
vitiated by a low sample size and a cross-sectional design,
which prevents drawing any cause-effect relationship.
Because the recruitment of subjects was performed con-
secutively in a population of routine care, it was not pos-
sible to obtain an appropriate matching by age between
healthy subjects and patients with DM2. On the other
hand, when splitting the two groups by gender — which
was the aim of our study — males and females were age
comparable.

For these limitations, further prospective observa-
tional studies involving a larger number of subjects are
needed.
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Nonetheless, we considered several parameters of
antioxidation and have for the first time assessed gender-
specific differences in antioxidant capacity in patients
with DM2.

Our observations suggest a role of aging in the impair-
ment of antioxidant capacity in patients with DM2, both in
males and females. Future research is needed to establish
aging-related factors, such as AGEs, in order to suggest
specific interventions aimed to improve antioxidant
capacity in these patients.
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