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Abstract

Introduction: Hypertension and diabetes mellitus affect a large number of patients and can significantly influence
their life expectancy. Changes in metabolic and oxidative stress parameters are common in these pathologies,
contributing to associated complications. The aim of the study was assessment of relationship between laborato-
ry parameters and their role in evaluation of cardiovascular risk, and possible gender-related differences in the
protective factors. Material and methods: Blood samples were collected from hypertensive patients with/without
diabetes mellitus admitted to the Cardiovascular Rehabilitation Clinic in Tirgu Mures and controls without these
pathologies. Biochemical analyses were performed on Konelab analyzer (glycemia, lipid profile, kidney function
tests, zinc, hsCRP). Oxidative stress markers, such as serum malondialdehyde (MDA), oxidized (GSSG) and re-
duced glutathione (GSH) were evaluated using an HPLC-UV/VIS technique at GEP UMPHST. Statistical analysis
was performed by GraphPad InStat3. Results: Mean age of hypertensive patients (n=131) was 69.44 = 9.02 years,
45.8% males, 31.3% being diabetics. 74.1% of the studied patients had zinc deficiency, 19.8% presented slightly
elevated hsCRP. The control group included 24 nonhypertensive/nondiabetic patients of similar age. Average GSH
was significantly lower (p=0.0002) in hypertensive patients, 1.89 = 0.82 ug/ml, compared to the control group
(3.23 £ 0.49 ug/ml), and no correlation could be observed between GSH and MDA values. GSH concentration
was significantly higher in males (p=0.0395) and HDL-cholesterol significantly higher in females (p=0.0132). A
negative correlation was observed between serum triglyceride and HDL-cholesterol concentration. Conclusions:
Gender differences are present in the level of protective factors against cardiovascular diseases, while oxidative

stress is intensified in hypertensive/diabetic patients.
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in the case of macrovascular manifestations. Mi-
crovascular complications occur at the level of
different organs (kidneys, eyes, brain), early di-
agnosis being essential, these being major causes
of morbidity and mortality (4). Chronic inflam-
mation and oxidative stress have a major contri-
bution to the development of macrovascular and
microvascular diseases in hypertensive patients
with or without diabetes mellitus (6,7,8,9).

Introduction

The incidence of hypertension and diabetes mel-
litus is increasing worldwide, these pathologies,
together with obesity, often coexisting in the
same patient (1,2). According to statistics, pa-
tients older than 55 years have 90% chance to
develop hypertension (3). Insulin resistance is
more frequent in hypertensives and the incidence

of hypertension is double in diabetic subjects
compared to non-diabetic ones (4). Cardiovascu-
lar complications of these population-level dis-
eases have negative impact on the patients’ state
of health, thus comprehensive risk assessment
is an important part of their management (3,5).
Atherosclerosis is the main pathological process

Often the evolution of microvascular complica-
tions, such as retinopathy or nephropathy, might
be silent in hypertensive patients (10). Serum
cystatin C is an early marker of nephropathy,
useful in the investigation of hypertensive and
diabetic patients (11,12), which is not used as a
routine test in Romania.
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Microvasculopathy is even more severe in case
of hypertensive patients having diabetes mel-
litus as a comorbidity, carbohydrate metabolic
imbalance being an essential factor in the de-
velopment and progression of nephropathy and
retinopathy (13). There is evidence that reactive
oxygen species also have an important contri-
bution to endothelium dysfunction in the micro-
vascular system (14).

Antioxidant vitamins and minerals, such as mag-
nesium, selenium, chromium, zinc have an im-
portant contribution to proper antioxidant status,
being benefic in cardiovascular risk prevention,
some of these minerals being involved in the
metabolism of glutathione (15,16,17). Besides
measurement of minerals and vitamins, several
biomarkers can be used for the assessment of
cardiovascular risk: high sensitive C reactive
protein (hsCRP), HDL-cholesterol and oxidative
stress parameters like malondialdehyde (MDA),
hydroxynonenal, oxidized/reduced glutathione
ratio, nitrotyrosine, oxidized LDL-cholesterol
and the level of certain antioxidants (18,19).
The aim of the study was a complex laborato-
ry investigation of hypertensive patients with/
without diabetes mellitus, including parameters
revealing cardiovascular risk, and the investi-
gation of possible gender-related differences in
the protective factors against cardiovascular dis-
eases. The relationship between different labora-
tory findings and their role in the evaluation of
cardiovascular risk have been assessed.

Material and methods

The study group consisted of hypertensive pa-
tients with/without diabetes mellitus and a con-
trol group of similar age without these patholo-
gies, admitted to the Cardiovascular Rehabili-
tation Clinic in Tirgu Mures. The research was
approved by the Ethical Committee of the Emer-
gency Clinical County Hospital and the Ethical
Committee of the ”GE Palade” UMPHST. Inclu-
sion criteria in the study group were: age over

50 years, documented essential hypertension (at
least stage 2) with or without type 2 diabetes
mellitus, with good metabolic balance and will-
ingness to participate. Exclusion criteria were:
secondary hypertension, stage 1 hypertension,
depression, organ failure, acute coronary syn-
drome, type 1 diabetes mellitus, severe metabolic
imbalance (glycated hemoglobin exceeding 9%).
The patients signed the informed consent docu-
ment prior to the enrollment. The research was
a prospective, transversal study. Demographic
(age, gender) and anamnestic data were collect-
ed, systolic and dyastolic blood pressure and
body mass index (BMI) values were recorded.
Blood samples were taken in vacutainers con-
taining clot activator. After centrifugation and
separation, serum samples were stored at -70
°C prior to processing. The following parame-
ters were determined from the serum samples:
triglycerides, total and HDL-cholesterol (LDL
cholesterol was calculated based on the previ-
ous results), glucose, creatinine, cystatin C, zinc,
hsCRP. Oxidative stress markers, such as serum
malondialdehyde (MDA), oxidized (GSSG) and
reduced glutathione (GSH) were also measured.
Measurement of serum malondialdehyde was
performed by a new, validated method of our
research group, on a Merck-Hitachi HPLC sys-
tem, consisting of a quaternary L-7100 pump,
L-7200 injector, L-7360 column thermostat,
D-7000 interface, solvent degasser L-7612 and
Diode Array Detector L-7455. Stationary phase
was Supelcosil ™ LC-18 (3 um) SUPELCO 3,3
cm X 4,6 mm column. 20 mM phosphate buf-
fer (pH=6) and acetonitrile (VWR International
SAS) served as mobile phase, while 98% thio-
barbituric acid (TBA) (Sigma-Aldrich) was used
for complex formation with MDA, 96% H,SO,
(Chemical Company) and 99% 1,1,3,3-tetrame-
thoxypropane (Sigma-Aldrich) stock solution
for preparation of MDA standards. Protein pre-
cipitation was made by adding acetonitrile to
the serum samples in a 3:1 volume ratio, after
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centrifugation at 5000 rpm, 300 pl supernatant
was treated with 450 pul TBA (4 mg/ml) and 750
ul H SO, (50 mM). After vortexing, the mix-
ture was heated to 100°C for an hour followed
by cooling on ice and trichloroacetic acid was
added to the samples in 1:3 volume ratio. After
centrifugation at 5000 rpm, the samples were
transferred into HPLC vials and analyzed by the
HPLC UV/VIS equipment. Measurement condi-
tions were: isocratic elution, flow rate 1 ml/min,
injection volume 100 pl (loop mode); diode
array detection was made at 532 nm, retention
time of MDA being 0.63 minutes and total anal-
ysis time 1 minute (20).

Oxidized (GSSG) and reduced glutathione
(GSH) measurement was performed using Ell-
man’s reagent, 5,5’-dithio-bis-(2-nitrobenzoic
acid), which forms with GSH a dimer with UV
absorbance. The same Merck-Hitachi HPLC
system was used for this measurement. Zorbax
Eclipse XDB-C8, 5 um, 4,6x150 mm column
served as stationary phase and the mobile phase
was a mixture of phosphate buffer (20 mM, pH
2.5) and acetonitrile (VWR International SAS).
Glutathione standards and Ellman’s reagent were
provided by Sigma Aldrich, and trichloroacetic
acid (Chemical Company) was used for protein
precipitation. Defrosted serum samples were
treated with Ellman’s reagent in 1:1 ratio. After
deproteinization (using trichloroacetic acid and
centrifugation), the supernatant was transferred
into HPLC vials. Samples were boiled for 30
minutes before deproteinization in the case of
GSSG measurement to reduce GSSG to GSH.
Measurement conditions were: flow rate 1 ml/
minute, injection volume 50 ul (cut mode), DAD
range 200 - 700 nm, with the best chromatogram
extracted at 330 nm, retention time of GSH-DT-
NB being 9.11 minutes.

Biochemical tests were performed on Konelab an-
alyzer, using Diagnosticum LTD reagents. Lipid
profile included: total cholesterol, HDL-choles-
terol and triglyceride concentration measured by

enzymatic methods, and LDL-cholesterol calcu-
lated using the Friedewald formula. Glycemia
was measured by glucose oxidase method. High
sensitive CRP (hsCRP) was determined by tur-
bidimetry. Kidney function tests included serum
creatinine (by Jaffé method) and cystatin C mea-
surement (by turbidimetry). A photometric pro-
cedure (Sentinel Diagnostics kit) was applied for
serum zinc concentration measurement. In dia-
betic hypertensive subjects glycated hemoglobin
(HbA 1c) was measured by reflectometry, using a
NycoCard™ Reader Il equipment (Axis-Shield)
and NycoCard HbA 1c kit (Abbott).

GraphPad InStat3 software was used for sta-
tistical processing of the data (unpaired two-
tailed Student’s t-test with and without Welch
correction, Pearson correlation). Kolmogorov-
Smirnov normality test was used for checking
the Gaussian distribution of the data. The thresh-
old of significance was set at p<0.05.

Results

The average age of the patients included in the
study group was 69.44 + 9.02 years, ranging
between 50 and 89 years, the difference being
insignificant (p>0.05) compared to the mean age
of the control group, 68.50 £ 7.07 years (n=24).
The study group contained 131 hypertensive pa-
tients, 41 of them (31.3%) also having type 2 di-
abetes mellitus. The gender distribution was 71
females (54.2%) and 60 males (45.8%), similar
to that of the control group (half females, half
males).

Results regarding average blood pressure, body
mass index, glycemia, triglyceridemia, serum
total and LDL-cholesterol concentration in the
study group are shown in Table 1.

Overweight and obesity were quite frequent in
the study group, 74.8% of the enrolled patients
having BMI exceeding 25 kg/m? 38.9% of the
subjects being obese (having BMI over 30 kg/
m?).

Serum triglyceride concentration was higher
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Table 1. Blood pressure, BMI and metabolic parameters in the study group

Parameter SBP DBP BMI SGL STC STG LDL
Units mmHg mmHg kg/m? mmol/l mmol/l mmol/l mmol/l
Mean 137.89 80.78 31.02 5.93 4.79 1.54 2.14
+SD 19.11 10.05 6.66 1.42 1.39 0.80 1.56

SBP - Systolic blood pressure; DBP - Dyastolic blood pressure; SGL - Serum glucose level; STC - Serum total cholesterol;

STG — Serum triglycerides

than normal (exceeding 1.7 mmol/l) in 31.3% of
the hypertensive patients with/without diabetes
mellitus. 33.6% of the studied patients presented
hypercholesterolemia (values over 5.2 mmol/l).
Fasting serum glucose was increased (exceed-
ing 5.5 mmol/l) in 50.4% of the subjects. There
is a weak, positive, non-significant correlation
(r=0.2538, p=0.0724) between glycemia and
BMI. No correlation was found between BMI
and triglyceridemia (r=0.1835, p=0.2020) or
between BMI and cholesterolemia (r=-0.1463,
p=0.3058) using Pearson’s test.

Diabetic hypertensive patients had significantly
higher (p<0.0001) serum glucose values, 6.63 =
1.56 mmol/l, compared to non-diabetic subjects,
5.17 £ 0.57 mmol/l, using unpaired t-test with
Welch correction. The average value of glycated
hemoglobin was 6.38 + 0.80 % in the diabetic
hypertensive patients, and a moderate positive
correlation was found between HbAlc and fast-
ing serum glucose values (r=0.5608, p=0.0007)
in this subgroup using Pearson’s test. 66% of the
diabetic subjects enrolled in the study had good
carbohydrate metabolic balance (HbA1¢<6.5%).
There was a significant difference (p=0.0013) be-
tween serum triglyceride concentration between
diabetic (1.93 £ 0.99 mmol/l) and non-diabetic
(1.41 £ 0.76 mmol/l) hypertensive patients using
unpaired t-test with Welch correction. The dif-
ference was not significant (p=0.0646) between
the serum cholesterol values of these two sub-
groups: the average was 5.06 = 1.37 mmol/l in
the non-diabetic subgroup, slightly higher than
in the subgroup of diabetic hypertensive pa-

tients, 4.62 £ 1.29 mmol/l, using unpaired t-test.
The average of HDL-cholesterol was 48.88
+ 12.08 mg/dl. HDL-cholesterol levels were
significantly higher (p=0.0132) in female hy-
pertensive patients, 51.07 = 13.64 mg/dl, com-
pared to male subjects included in the study
group (45.55 + 9.32 mg/dl), using unpaired
Student’s t-test with Welch correction. There
is a weak, positive, non-significant correlation
between HDL-cholesterol and BMI (r=-0.2327,
p=0.1003), using Pearson’s test. 30.5% of the
patients had increased LDL-cholesterol level
(exceeding 130 mg/dl, corresponding to 3.36
mmol/l).

A weak, negative, significant correlation was
found between serum HDL-cholesterol and tri-
glyceride concentration (r=-0.3160, p=0.0010)
(Figure 1). A weak, positive, significant correla-
tion could be observed between glycemia and
triglyceridemia (r=0.2629, p=0.036), while there
is a weak, negative, significant correlation be-
tween serum glucose and total cholesterol values
(r=-0.2181, p=0.0158) using Pearson’s test.
74.1% of the patients in the study group pre-
sented zinc deficiency, mean zinc concentration
being 9.99 £+ 1.77 umol/l (normal range: 11.02
—24.02 pmol/l).

20.6% of the hypertensive patients presented
mild increase of hsCRP, the average being 1.94
+2.21 mg/l (one value over 10 mg/l, showing in-
flammation, was eliminated from statistics). The
range between 3-10 mg/l corresponds to the in-
terval predisposing to increased cardiovascular
risk, normal values being <1 mg/I.
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Figure 1. Correlation between serum HDL-cholesterol and triglyceride concentration

A weak, positive, significant correlation was
found between serum creatinine and cystatin C
values (r=0.3789, p=0.0002). The mean serum
creatinine in the study group was 1.14 + 0.37
mg/dl, the average cystatin C value was 1.11
+ 0.35 mg/l (normal range for the over 50 age
group: 0.72-1.32 mg/1), 22.1% of the hyperten-
sive patients having increased cystatin C values.
Average values of serum GSH were significant-
ly lower (p=0.0002) in the studied hypertensive
patients, 1.8940.82 ng/ml, compared to the con-
trol group (3.23 £ 0.49 pg/ml). Comparing the
average MDA values of the study group (60.94
+ 25.38 ng/ml) to that of the control patients
(55.79 + 12.43 ng/ml), no significant difference
could be observed using unpaired t-test with
Welch correction (p=0.3863). The data followed
gaussian distribution based on the Kolmogor-
ov-Smirnov normality test.

No correlation could be found between serum
GSH and MDA values (r=0.0877, p=0.6164)
and no correlation could be observed between
GSH and HDL-cholesterol values (r=-0.1943,
p=0.2633). We further tested for relationship be-

tween GSH and hsCRP values, but no correla-
tion could be found (r=-0.0637, p=0.7204) and
between serum zinc and GSH, with no correla-
tion (r=0.0993, p=0.5705), either. No correlation
could be found between serum zinc and MDA
values (1=0.2466, p=0.1201). Pearson’s test was
used for the evaluation of all these possible cor-
relations.

Mean GSH values were significantly higher
(p=0.0395) in males, 2.13 £ 0.92 pug/ml, com-
pared to female subjects (1.75 + 0.60 pg/ml)
in the study group. The data followed gaussian
distribution based on the Kolmogorov-Smirnov
normality test.

The relationship between the age of the patients
in the study group and their serum MDA value
was also tested, but without finding any cor-
relation (r=0.0631, p=0.5350). No correlation
could be observed between the age of the pa-
tients and their serum GSH concentrations (r=-
0.0063, p=0.9492) or GSSG values (r=0.07525,
p=0.6315), using Pearson’s test.

Discussion

Several clinical studies revealed significant dif-
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ferences in lipid parameters between obese, hy-
pertensive and diabetic patients compared to con-
trol subjects. Dyslipidemia including increased
serum LDL-cholesterol, elevated triglycerides
and decreased serum HDL-cholesterol are fre-
quently associated with diabetes (21). Serum tri-
glyceride concentration was significantly higher
and HDL-cholesterol was significantly lower
in obese patients compared to control subjects
(22). Changes in metabolic parameters (glycated
hemoglobin, serum uric acid, lipid profile) can
be correlated with the risk of developing chronic
kidney disease in type 2 diabetic patients (23),
thus these can be predictive factors for certain
complications. Lipid profile and some lipid ra-
tios have been proposed as markers of predicting
carbohydrate metabolic balance in type 2 diabet-
ics (21). The obtained differences between the
diabetic and non-diabetic subgroups regarding
serum glucose and triglyceride concentration
were expected, and also the correlation between
serum glucose and glycated hemoglobin, two
thirds of the diabetic subjects enrolled in the
study having good carbohydrate metabolic bal-
ance according to the latest guidelines.
Measured and derived lipid parameters can have
predictive role in certain cardiovascular com-
plications, some of them might have different
values depending on the patients’ gender. Se-
rum triglyceride/HDL-cholesterol ratio showed
positive correlation with the occurrence of silent
brain infarcts, especially in males, while total
cholesterol/triglyceride ratio was negatively
correlated with this pathology (24). Our study
also showed certain differences between gen-
ders regarding protective biomarkers against
cardiovascular diseases and inverse correlation
between the protective HDL-cholesterol and se-
rum triglyceride concentration. Changes of these
lipid parameters can be in relationship with the
background disease (such as hypertriglyceri-
demia is common in diabetes mellitus) and with
the patients’current medication.

Changes in the structure of lipids and proteins,
caused by oxidation, glycosylation of proteins
and other chemical reactions can contribute to
the development of atherosclerosis in hyperten-
sive and diabetic patients (25).

Recent scientific data support the influence of
lifestyle-related factors, such as unhealthy diet
and lack of exercise, on the development of met-
abolic syndrome by causing epigenetic changes,
influencing gene expression, having hypergly-
cemia, hypertriglyceridemia and low values of
HDL-cholesterol as a consequence (26).

A recent Romanian study revealed reduced lev-
els of protective antioxidants and increased lev-
els of oxidative stress and inflammatory markers
in obese subjects compared to a non-obese con-
trol group (27).

Our results regarding significantly lower GSH
values obtained in the hypertensive patients with
or without diabetes mellitus compared to the
control group were similar to those reported by
such studies (28).

Gender-related dimorphism of glutathione me-
tabolism was suspected in several other human
and animal studies, some of them finding higher
levels of GSH in males than females, and others
finding an opposite relation depending on the
location of studied tissues (serum, brain, liver,
heart, endothelial cells, erythrocytes). The caus-
es of these differences are not yet totally clari-
fied (29).

Serum zinc measurement is not a routine analy-
sis in Romania. Zinc is a trace element import-
ant for human metabolism, being essential for
the activity of certain enzymes, including anti-
oxidant enzymes (such as the cytoplasmic Cu/
Zn superoxide dismutase), its deficiency being
involved in the ethiopathogenesis of several
chronic diseases, such as age-related cardio-
vascular pathology. Recent studies revealed the
role of zinc deficiency in the ethiopathogenesis
of hypertension, partially by promoting sodium
reabsorption (30). Zinc deficiency is involved
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in chronic inflammation and enhances oxidative
stress, being an important risk factor for athero-
sclerosis, lowering HDL-cholesterol levels and
facilitating LDL oxidation. Zinc protects thi-
ol group containing molecules from oxidation
and enhances glutathione biosynthesis, plays a
key role in the development of diabetes melli-
tus and its complications, being involved in in-
sulin homeostasis. Zinc supplementation was
found benefic in hypertensive and diabetic pa-
tients (31). Our study revealed a high incidence
of zinc deficiency in the studied patients, which
increases the risk of cardiovascular complica-
tions. Based on these results, we can recommend
a more complex measurement of microelements
in patients suffering from these pathologies, to
reveal deficiency states which require temporary
supplementation of certain minerals, avoiding
excesses.

In a recent study, intensified lipid peroxidation
and lower activity of antioxidant enzymes could
be observed in hypertensive patients compared
to healthy control patients of the same age. Oxi-
dative stress was more obvious in case of female
hypertensive patients (32).

Due to the many reactions that take place be-
tween oxygen derived free radicals (sometimes
interacting also with nitrogen derived free rad-
icals) and considering that only hydroxyl free
radical is able to damage cell membranes and to
produce serum MDA increase, a correlation be-
tween serum MDA and GSH (a substance able to
neutralize only some forms of oxygen derived re-
active species) has a relatively low probability to
be detected by these types of biomarker measure-
ments. Furthermore, GSH and HDL-cholesterol
values are not expected to be linked due to the
different mechanisms they act or are produced.
The implication of oxidative stress in the devel-
opment of cardiovascular complications and in-
sulin resistance in type 2 diabetic subjects, and
in the endothelium dysfunction common in hy-
pertension has been proven by several studies.
Scientifically valid antioxidant strategies should

be included in the therapeutic scheme of diabetic
and hypertensive patients, especially in case of
those suffering from obesity, besides treatment
of dyslipidemia (33-35).

A limitation of the study is due to the assessment
of only a few oxidative stress biomarkers, some
of them lacking normal ranges for the studied
age group since they are novel, recently devel-
oped methods. Some of the patients included
in the study group and the control group were
smokers, which can influence oxidative stress
parameters, but no significant difference could
be observed in the smokers’ distribution be-
tween the two groups. Another limitation was
the LDL-cholesterol calculation by the Friede-
wald formula, which is not completely accurate
in patients having increased triglyceride levels
(36), a common type of dyslipidemia in diabetes
mellitus. Nowadays, calculation of non- HDL
cholesterol is considered to be an important pa-
rameter for assessment of cardiovascular risk, so
direct measurement of LDL-cholesterol seems
not to be so critical.

The importance and novelty of the study is de-
rived from the assessment of several laboratory
parameters which are not routinely used, includ-
ing methods developed and validated by our re-
search group, in patients being at high risk for
cardiovascular complications. Data provided by
our study can contribute to choosing the most
appropriate parameters for cardiovascular risk
evaluation, and might have implications in the
therapeutic strategies used in case of these pa-
tient groups.

Conclusions

Protective biochemical factors against cardio-
vascular affections show gender differences. In-
tense oxidative stress is present in patients suf-
fering from hypertension with/without diabetes
mellitus compared to control subjects based on
the differences in glutathione levels. Zinc defi-
ciency is very frequent in the study group and
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hsCRP is increased in several subjects. Statis-
tical correlation could be found between some
lipid parameters and two kidney function tests.
Oxidative imbalance can contribute to the de-
velopment of cardiovascular complications, thus
proven antioxidant strategies associated to con-
ventional treatment might be benefic in second-
ary prevention.
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