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Lipoprotein redox status evaluation as a marker of cardiovascular
disease risk in patients with inflammatory disease
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Abstract. Patients with chronic inflammatory disorders (ID)
have an increased risk of developing cardiovascular disease,
and routinely determined parameters do not reveal the real
metabolic status of specific subgroups, such as patients with
rheumatoid arthritis (RA). In this study, in order to evaluate
state of the art markers for the assessment of cardiometabolic
risk, abnormalities in lipoprotein levels in patients with a
low-grade inflammatory status [diabetes mellitus (DM)
subgroup] and in patients with a high systemic inflammatory
burden (RA subgroup) was determined. The study group
comprised patients with ID [DM (n=20) and RA (n=20)],
with an aged-matched control group (n=17). Patient serum
was used to determine routine biochemical parameters and
to isolate low-density lipoprotein (LDL) and high-density
lipoprotein (HDL). The heparin-citrate method was used
for LDL precipitation and the phosphotungstic acid-MgCl,
technique for the isolation of HDL. Further, Amplex Red
and advanced oxidation protein product (AOPP) assays were
applied to determine lipid peroxides and protein oxidation,
respectively, while the levels of serum advanced glycation
end products (AGEs) were also determined. Although the
differences in the routinely determined lipidemic profile were
notable between the DM and RA subgroups, markers of lipid
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peroxidation and of advanced protein oxidation/glycation did
not differ significantly, indicating possible similar oxidative
damage of serum lipoproteins. On the whole, as alterations in
lipoprotein functionality can occur long before any changes
in routinely measured biochemical parameters are observed,
more sensitive markers for the assessment of cardiovascular
risk are required. As AOPPs, AGEs, oxidized LDL (oxLDL)
and especially oxidized HDL (oxHDL) are affected during the
early stages of inflammatory disease, and due to their known
link to coronary artery disease, it would be wise to include these
markers in the routine cardiovascular evaluation of patients
with chronic inflammatory disease, such as those with RA.

Introduction

Rheumatoid arthritis (RA) affects nearly 1% of the general
population and is characterized by a high systemic inflam-
matory burden, with reduced life expectancy and increased
mortality (1). Patients with RA present with a high prevalence
of cardiovascular disease (CVD) and a high risk of developing
fatal cardiac events, while traditional risk factors do not
adequately reflect the increased probability of myocardial
infarction, stroke or heart failure development (2-4).

In contrast to the high inflammatory status of patients with
RA, a low-grade state of inflammation is currently associated
with the progression of other metabolic disorders, such as
atherosclerosis and diabetes mellitus (DM) (5).

The increased CV risk of RA patients is comparable to
DM patients, although clinical profiles differ (6-8). Apart from
traditional risk factors, the chronic inflammatory status of these
patients is a prime contributor to their increased risk of devel-
oping CVD, promoting subtle changes in lipid levels, as well
as in the levels of low-density lipoprotein (LDL), high-density
lipoprotein (HDL) and triglycerides (TGs) (1,6,8)

Usually, a reduction in serum lipid levels is thought to
have a positive impact on the prevention of CVD. However,
this is not the case for patients with RA. Clinical studies have
demonstrated an improvement in the patients' inflammatory
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status by applying biological and non-biological therapies,
with a decrease in CVD risk along with an increase in lipid
levels (6-9). Thus, when employing the classical approach of
analyzing lipid profiles in patients with RA, their risk of devel-
oping CVD could be misestimated (6).

On the other hand, in patients with type 2 DM, character-
ized by subclinical, low-grade chronic inflammation (10), the
development of atherosclerosis is promoted by tumor necrosis
factor (TNF)-a, interleukin (IL)-1a, IL-1f, IL-4, fibrinogen
or C-reactive protein (CRP) (5,8). These pro-inflammatory
molecules, apart from inducing endothelial and vessel abnor-
malities, have also been shown to induce changes in patient
lipid profiles, alter insulin sensitivity and increase oxidative
stress (5,8). The systemic inflammatory burden, found in
patients with RA and DM, is further linked to an accelerated
atherosclerotic process, with increased plaque instability and a
high risk of life-threatening cardiovascular events (7,8).

Inflammation and oxidative stress-linked enzymes, such
as myeloperoxidase, are capable of associating with both
LDL and HDL, and can lead to profound alterations in their
structure (11,12). Although serum HDL levels characterizing
patients with RA do not differ significantly from those of the
normal population (13), it is thought that high-grade inflam-
mation determines a significant decline in HDL functionality,
along with important changes in their proteome, leading to a
loss of their protective, anti-inflammatory and anti-atherogenic
properties (1,6,8,9,12,14). Oxidized HDL (oxHDL) is abun-
dantly found in atherosclerotic plaques and is thought to be
linked with an increased risk for the development of coronary
artery disease (15). However, data on increased oxHDL levels
in patients with RA are limited in medical literature (1,2).

In patients with DM, the continuous state of hyperglycemia
and low-grade inflammation accelerate lipoprotein oxidation
through oxidative pathways involving the superoxide anion,
leading to augmented LDL and HDL susceptibility to peroxi-
dation (1,11,12). The characteristic inflammatory state of these
patients seems to have a deeper impact upon HDL levels, as
these are highly sensitive to this process (16). Alterations in
HDL lipidome (TG enrichment and decrease in cholesterol
esters in the lipid core), as well as in its proteome [changes
in apolipoprotein (Apo)-Al conformation and in the overall
protein composition] (12), lead to dysfunctional particles and
subsequently, to an increased risk of CVD, as among their
many metabolic effects, the vasculo-protective ones are more
easily affected (16).

The present study aimed to evaluate lipoprotein function-
ality in a group of patients with inflammatory disorders (ID),
RA and DM, assessing both lipid peroxidation and advanced
oxidative changes in their protein cargo. Our objective was
to compare changes/abnormalities in lipoprotein levels in
patients characterized by a low-grade inflammatory state (DM
subgroup) as opposed to patients with a high-grade inflamma-
tory burden (RA subgroup) for the better assessment of the risk
of CVD in patients with chronic inflammatory diseases.

Materials and methods
Study design. The study population included 57 subjects

(26 males and 31 females), with ages varying from 50 to
88 years, selected from patients admitted to the ‘Ana Aslan’
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National Institute of Gerontology and Geriatrics (NIGG) and
‘Humanitas CD’ Clinic (HCDC) in Bucharest, Romania.
The subjects were enrolled in 2 groups: the ID group, which
comprised 2 subgroups [patients with type 2 DM (n=20)
and patients with RA (n=20)], and the aged matched control
group (n=17), with similar demographic characteristics with
the study group.

The exclusion criteria included insulin treatment, prior
history of myocardial infarction and stroke, anemia, renal
impairment, infectious and neoplastic diseases. Patients using
vitamin or any other antioxidant supplementation were also
excluded.

The study protocol was approved by the ‘Ana Aslan’ NIGG
and HDC Ethics Committees and all participants gave their
written informed consent prior to entering the study. The
study protocol conforms to the ethical guidelines of the 1975
Declaration of Helsinki.

Blood sampling. Venous blood samples were collected from all
patients after an overnight 12-h fasting period. Serum samples
were centrifuged at 685 x g, for 15 min at 4°C and stored at
-70°C until analysis.

Reagents. Heparin, purchased from Panpharma (Luitre-
Fougeres, France) (25,000 IU/5 ml) and sodium citrate from
Merck Millipore (Billerica, MA, USA) were used to prepare
an LDL precipitation solution of 100 IU heparin/ml in citrate
buffer 0.064 M. The HDL assay solution was obtained from
Merck Millipore (1.4 mmol/l phosphotungstic acid, 8.6 mmol/l
magnesium chloride). The Amplex Red probe from Life
Technologies (Grand Island, NY, USA) was used to prepare
a stock solution of 20 mM in DMSO, from which a working
solution of 300 uM was prepared in 1X phosphate-buffered
saline (PBS) (Biochrom AG, Berlin, Germany).

Biochemical and hematological parameters. Fasting
glucose (GLY), total cholesterol (TC), LDL cholesterol,
HDL cholesterol and TG levels were quantified by standard
methods (Diagnostic Systems, Germany) on an Olympus AU400
Autoanalyzer.

LDL and HDL isolation. For the separation of LDL, we used
a heparin (100 IU/ml)-citrate buffer (0.064 M), at a ratio
of 1 to 9 (900 ul buffer for each 100 ul of sample), followed
by centrifugation at 685 x g for 15 min and then LDL was
suspended in 1X PBS (500 ul per sample).

For HDL separation, we used 1.4 mmol/l phosphotungstic
acid, 8.6 mmol/l magnesium chloride solution to precipitate
the LDL and very LDL (VLDL), the supernatant containing
only the HDL. For each 200 pl of serum, 500 pl of precipita-
tion solution were added and the mixture was centrifuged at
685 x g for 15 min. The HDL supernatant was separated from
the VLDL/LDL precipitate and used for analysis.

Amplex Red assay. The method employed for determining lipid
peroxidation was an Amplex Red based assay (17-19), a probe
that can be used to determine lipid peroxides, as previously
described by Tyurin et al (20). We used a previously described
method (21) as follows: 50 ul of the 300 uM Amplex Red
reagent were used for each 50 ul of sample, incubated 30 min at
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room temperature, protected from light, followed by a dilution
to 2 ml with 1X PBS before the fluorimetric assay, which was
performed on a Perkin Elmer Spectrofluorimeter (LS 50 B;
Perkin Elmer, Rodgau, Germany), A iwion = 944 nm and
A =585 nm.

‘emission

Advanced oxidation protein product (AOPP) assay. AOPPs
were determined spectrophotometrically (340 nm) using a
commercially available assay kit (OxySelect STA-318; Cell
Biolabs, Inc., San Diego, CA, USA); the concentration was
expressed in chloramine T equivalents (zmol/l).

Advanced glycation end products (AGEs) assay. AGEs were
determined as previously described by Kalousova et al (22)
and Bartling er al (23). Firstly, the patient serum was diluted
1:25 with PBS, pH 7.4, and the fluorescence intensity was then
determined with a Perkin Elmer Spectrofluorimeter (LS 50 B;
Perkin Elmer), A iwion = 350 nm and A, ;on = 440 nm.

Statistical analysis. IBM SPSS (Armonk, NY, USA) statis-
tical software was used for statistical analysis. The results
are presented as the means + standard deviation for normally
distributed values or median and interquartile range for not
normally distributed ones. The Kolmogorov-Smirnov test was
applied to assess normal distribution. For comparisons between
groups, we used parametric tests (ANOVA and Student's t-test)
and non-parametrical ones (Kruskal-Wallis and Mann-Whitney
tests) for normally and not normally distributed data, respec-
tively. To ascertain correlations between parameters, we applied
the Spearman's Rank Correlation method; a value of P<0.05 was
considered to indicate a statistically significant difference. Simple
or multiple linear regression analysis was performed (where
possible considering linearity, normality and multi-co-linearity)
in order to assess the influence of routinely determined param-
eters on markers of lipoprotein/protein oxidation.

Results

The demographic characteristics of the study group and
subgroups are presented in Table I. The biochemical param-
eters of the ID group, the DM and RA subgroups and the
control group are presented in Table II. The atherogenic index
of plasma (AIP), a strong indicator of atherosclerosis, was
calculated and equals to the decimal logarithm of the TG to
HDL cholesterol ratio (24).

The HDL levels in the patients with RA did not differ signifi-
cantly compared to those of the controls, but were significantly
higher compared to those of the patients with DM (P=0.005).
On the other hand, HDL peroxidation was significantly higher
in the patients with RA compared to the controls; however, no
significant difference was observed compared to the patients
with DM (P=0.787).

Abnormal LDL levels were observed only in the patients
with RA, taking into consideration that 80% of the patients
with DM were receiving hypolipidemic treatment (consid-
ering as normal levels <130 mg/dl, according to the European
Atherosclerosis Society guidelines), with disparity between
groups (P=0.007). Regarding LDL peroxidation, no significant
differences between oxidized LDL (oxLDL) in the DM and RA
subgroups were observed.
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Table I. Characteristics and administered medication in the
different study groups.

RA subgroup
ID DM (in remission
Parameters group subgroup phase)

General information

Age, years 69.50£1042 71.4+10.62 67.6+10.13
Males 19 11 8
Females 21 9 12
Co-morbidities
AF 3 3 -
CAD 7 7 -
Obesity 7 7 -
Hypertension 14 14 -
Chronic treatment

Furosemide 8 8 -
Spironolactone 5 5 -
ACE inhibitors 8 8 -
Digoxin 2 2 -
Antiplatelets 7 7 -
Nitrates 3 3 -
[-blockers 6 6 -
ARB 4 4 -
Calcium channel 7 7 -
blockers
Antiarithmics 1 1 -
Hypoglycemic 20 20 -
medication

Metformin and 12

sulfonylureas

Metformin 3
Statins 16 16 -
NSAIDs 20 - 20
DMARD - - -

ID, inflammatory disorders; DM, diabetes mellitus; RA, rheumatoid
arthritis; AF, atrial fibrillation; ACE, angiotensin converting enzyme;
CAD, coronary heart disease; ARB, angiotensin receptor blockers;
DMARD, disease modifying antirheumatic drug, NSAIDs, non-ste-
roidian anti-inflammatory drugs.

Of note, although the difference in glycemia between the
2 test groups was a highly significant one (P<0.001), this did
not translate into significantly higher levels of AGEs, AOPP
(AOPPs, AOPPId] or AOPPhdI) or lipoprotein peroxidation
(oxLDL and oxHDL) (Table II). Even though hyperglycemia
is the usual suspect in every metabolic derangement detected
in DM, it seems that the low-grade inflammation contributes to
profound alterations in lipoprotein structure and functionality,
and consequently may be the culprit of vascular impairment.

It should be noted that no significant quantitative differences
were observed between the patients with RA and the control
group as regards the HDL, LDL, TC or TG levels (P>0.05).
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Table II. Biochemical parameters monitored during the present study.

Biochemical parameter

Inflammatory group Diabetes mellitus subgroup Rheumatoid arthritis subgroup

Control group

TC, mg/dl 202+51.7 179+43 .8%¢ 224+50.2 179+19.9
HDL, mg/dl 44.49 (39.4-57.9) 42.2+8.98%¢ 57.6x17.3 56.1£8.98
LDL, mg/dl 120+42.8 103+37.6%¢ 1424399 130 (116-152)
TG, mg/dl 110 (84.9-170) 111 (102-222) 108 (68.0-144) 121+45.9
GLY, mg/dl 122 (101-157)° 166+57.3"¢ 108+17.7 104+11.4
oxLDL, RFU 24.6 (20.0-33.8)° 22.5(19.0-34.2)° 27.0+7.81° 40.1 (31.9-45.9)
oxHDL, RFU 76.4 (65.4-114)° 74.1 (64.4-124)° 78.9 (63.6-95.2)° 55.4+14.9
AGEs, RFU 104+20.0° 107+18.5 103£21.6° 67.7+13.5
AOPPs, umol/l 44722 4° 46.6+16.7° 35.6 (31.1,43.3)* 31.4+9.99
AOPPIdI, gmol/l 109+8.35° 111 (106-117)° 108+5.92° 94.9+10.6
AOPPhdI, gmol/l 71.3+£31.0° 62.8 (46.0,98.2) 70.8+£31.6 453 (42.2,57.3)
AIP 0.411+0.309 0.540+0.255*¢ 0.250+0.302 0.325+0.264

P<0.05),P<0.01, comparison with control group; “P<0.01, comparison with rheumatoid arthritis group. Values are reported as the means + stan-
dard deviation for normally distributed data and as median (percentile 25-percentile 75) for not normally distributed data. TC, total cholesterol;
HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG, triglyceride; GLY, glucose; oxLDL, oxidized LDL; oxHDL, oxidized HDL;
AGEs, advanced glycation end products; AOPPs, advanced oxidation protein products; AIP, atherogenic index of plasma.

In order to determine the influence of the levels of TG,
glycemia, TC and HDL, and AIP on the levels of AOPPs and
AGE:s in the ID group, multiple linear regression analysis
was performed. The results are summarized below. The AGE
levels were influenced by glycemia (P=0.014, R?>=0.176), the
TG levels (P=0.02, R?*=0.205), TC levels (P=0.05, R?=0.212)
and the levels of oxHDL (P=0.009, R?>=0.187). It seems that
TG levels have a greater impact on the variation of mean
AGE levels compared to glycemia (P=0.015 vs. P=0.719, with
standardized co-efficients of 0.438 and 0.062, respectively).
AIP and glycemia were proven to be the main input variables
for AOPPs (P<0.001). AGEs and AOPPs were also positively
correlated (r=0.401, P=0.01). Multivariate regression analysis
was performed on possible factors affecting the levels of AOPPs
in serum, presented as LgAOPPs (-0.4112+0.14871). Regression
analysis indicated that the AOPP levels were influenced by the
glucose levels (P<0.001, R?=0.653), the TG levels (P<0.001,
R2=0.669) and the LDL levels (P=0.031, R?=0.202). The
regression analysis revealed no significance of HDL and LDL
in determining the LgAOPPs levels (P=0.071).

In the ID group, the Spearman's rank correlation method
revealed significant correlations of AOPPs with HDL (negative
correlation, r=-0.433 P=0.011) and oxHDL (positive correla-
tion, r=0.403, P=0.010). Furthermore, positive correlations
were observed between GLY and AOPPs (r=0.330, P=0.043)
and oxHDL (r=0.495, P=0.002), respectively.

As regards serum lipid levels, positive correlations were
observed between the AOPP and TG levels (r=853, P<0.001)
and the TC levels (r=0.430, P=0.006). In addition, an almost
significant positive correlation (r=0.297,P=0.067) was observed
between the levels of TG and oxHDL, while a negative correla-
tion with HDL serum levels was also noted (r=-0.552, P=0.001).

The TG levels were linked to the levels of GLY (r=0.418,
P=0.01) and AGE:s in patient serum (r=0.342, P=0.033).

Positive correlations between TC and TG with
AOPPs were observed in both inflammatory subgroups,

Table III. Associations between lipids and markers of lipoprotein
and protein peroxidation in the RA subgroup.

Parameters Correlation r-value P-value
LDL

TG + 0.561 0.03

AOPPs + 0.639 0.01
oxLDL

AOPPIdI - -0.457 0.043
HDL

TG - -0.682 0.005

AOPPs - -0.536 0.041
oxHDL

AOPPhdI - -0.444 0.05

RA, rheumatoid arthritis; LDL, low-density lipoprotein; HDL,
high-density lipoprotein; TG, triglyceride; AOPPs, advanced oxidation
protein products; oxLDL, oxidized LDL; oxHDL, oxidized HDL.

the DM subgroup (P=0.017 and P<0.001) and the RA
subgroup (P<0.001 and P<0.001). Correlations were highly
significant in the RA subgroup, although the serum levels
were in the rather normal range. Thus, it is possible to argue
that in patients with an increased systemic inflammatory
burden, TG levels play a key role in the progression of oxida-
tive damage of serum proteins.

Moreover, interesting correlations were found in the RA
subgroup as regards the lipid profiles (Table III). While the
correlations of LDL with TG and AOPPs were positive, the
respective HDL correlations were negative. Furthermore, in
both cases, negative correlations between the lipid peroxidation
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Table IV. Associations between AIP and lipids, markers of lipo-
protein and protein peroxidation in the ID group and RA subgroup.

AIP Parameters Correlation r-value P-value
1D GLY + 0.403 0.022
AGEs + 0.356 0.039

AOPPs + 0.760 <0.001

RA AOPPs + 0.711 0.003
LDLox + 0.470 0.042

HDLox + 0.502 0.029

AIP, atherogenic index of plasma; ID, inflammatory disorders; RA,
rheumatoid arthritis; GLY, glucose; AGEs, advanced glycation end prod-
ucts; AOPPs, advanced oxidation protein products; oxLDL, oxidized
low-density lipoprotein; oxHDL, oxidized high-density lipoprotein.

of lipoproteins (0xLDL and oxHDL) and AOPPs in the same
lipoprotein fractions (AOPPIdl, AOPPhdI) were reported.

The positive correlations of TG levels with AGEs (r=0.554,
P=0.014) and AOPPs (r=0.795, P=0.000), along with the
correlations of TC with AOPPs (P<0.001) indicate a strong
correlation between lipid imbalances, advanced glycation and
oxidative stress in patients with RA, although the serum levels
of TG, TC and blood sugar were in the normal range and the
patient lipid profiles can be reported as regular ones. This is in
accordance with the previously reported correlation of high TG
levels with pro-inflammatory and oxidative stress markers (25).

However, lipid peroxidation seems to be linked to an
increase in blood glucose levels as positive correlations of
glycemia with oxHDL were found in the ID group (r=0.495,
P=0.002), in the DM subgroup (r=0.729, P<0.001) and in
the RA subgroup, although not a statistically significant one
(r=0.422, P=0.081). In order to determine the influence of
glycemia on HDL peroxidation in patients with RA, presented
as oxIgHDL (1.9154+0.1798) to ensure a normal distribution,
linear regression analysis was applied. Regression analysis
revealed a significant influence (P=0.048, R*=0.173), while no
such association was found for TG, LDL and TG, indicating
that glycemia has the greatest influence on HDL peroxidation.

The correlations found in the ID group of TG with GLY,
GLY with oxHDL, GLY and oxHDL with AOPPs were also
significant in the DM subgroup (r=0.589, P=0.006; r=0.729,
P<0.001; r=0.475,P=0.034 and r=0.550, P=0.012, respectively).

As shown in Table IV, statistically bivariate correlations
of AIP in the ID group and RA subgroup are presented. No
significant correlations were observed in the DM group, prob-
ably as the lipid profile of diabetics was rather normal, under
control with hypolipidemic drugs.

Moreover, the TG levels correlated significantly with the
oxHDL levels (r=0.496, P=0.026), and the oxLDL corre-
lated with the AGE levels (r=0.546, P=0.013) and AOPP
levels (r=0.469, P=0.037). High serum glucose levels, on the
background of a continuous low-grade inflammatory state,
promote both the lipid peroxidation of lipoproteins and oxida-
tive alterations in serum proteins, leading to impaired structures
that are unable to fulfill their physiological functions, becoming
pro-inflammatory and pro-atherogenic.

MOLECULAR MEDICINE REPORTS 15: 256-262, 2017

It is important to establish a biochemical parameter that
can indicate HDL dysfunction, leading to an increased risk
of CVD. Although the levels of LDL, TC and TG were in
the normal range in our DM subgroup, the peroxidation of
HDL and LDL (oxHDL and oxLDL) was significantly higher
compared to that of the controls (P<0.001 and P=0.001,
respectively).

Discussion

The metabolic disarrangement caused by an ongoing state
of oxidative stress and systemic inflammation leads to deep
alterations in the proteome and lipidome of serum lipoproteins,
lipids being the first to be altered, followed by a change in the
protein cargo. Changes in LDL metabolism have been the long-
term focus of CVD prevention and now dysfunctional HDL
with a pro-inflammatory nature seems to play an important
role the development of CVD (9). The current study, with the
use of new markers, demonstrated that the levels of HDL and
LDL oxidation were significantly increased in patients with RA
compared to the controls, accompanied by a parallel increase in
the oxidation of the protein component of respective particles.

In the case of subjects with a chronic inflammatory status,
remission is of great importance as it has been shown that
lipid profiles improve in patients with RA who underwent
anti-inflammatory treatment and consequently entered remis-
sion (8,9,26,27). A U-shaped curve of TC and LDL was
observed in these subjects and also a non-linear correlation
between LDL and cardiovascular risk, with an optimal serum
LDL between 70-130 mg/dl (9). Moreover, the changes in HDL
protein cargo are reversible, with a recovery of its protective
anti-inflammatory functions (9,16). Taking into consideration
the implication of lipids, fatty acids in particular, in the inflam-
masome response, high cholesterol levels, but more importantly,
high TG levels, can accelerate the increased oxidative burden
of patients with chronic inflammatory disease.

The insignificant differences between the lipid profiles of
patients with RA and the control subjects are in accordance
with those of previous studies (13), and the small differ-
ence between diabetics and patients with RA as regards
the peroxidation of serum lipoproteins (although the levels
of lipoproteins differed significantly) could support the
argument that the assessment of lipoprotein functionality
is of great importance in determining alterations in their
lipidome and may prevent the advancement of oxidative
damage. It is interesting though that the LDL peroxidation
levels in the controls were higher compared to the two test
subgroups. Inflammation may be the culprit for this observa-
tion, as can determine an increase in the macrophage oxLDL
uptake (6,11,13). It is evident that when it comes to lipo-
protein peroxidation, similarities appear between patients
with DM and RA. In addition, they strengthen the argument
that reducing LDL serum levels does not necessary entail
a positive change in patient lipid profiles or in their risk of
developing CVD. In patients with RA in particular, the ‘lipid
paradox’ describes the inverse correlation of CVD risk with
serum LDL and TC levels (7,8). A notable decrease in the
levels of TC and LDL, and in the TC/HDL ratio have been
reported in the 5-year period before the clinical manifesta-
tions of RA appeared (6,13). The mechanisms through which
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this occurs are not yet fully understood, but they seem to
include reduced LDL synthesis, impaired cholesterol traf-
ficking in the liver and the CRP-mediated uptake of LDL and
oxLDL by macrophages (6,8,13).

Moreover, an important association of oxidative stress with
lipid imbalances and advanced glycation in RA was observed,
although the serum levels of TG, TC and blood sugar were in
the normal range and patient lipid profiles can be reported as
regular in accordance with previously published data (25).

Cytokines seem to play a crucial part in the development of
insulin resistance (28,29); the hyperinsulinemia-hyperglycemia
cycle and the continuous inflammatory burden lead to profound
changes in the levels of lipoproteins and other serum proteins,
leading to dysfunctional structures and atherosclerosis (30).
Serum glucose, on the background of a continuous low-grade
inflammatory state, along with lipid imbalances, promotes
both the lipid peroxidation of lipoproteins and oxidative altera-
tions in serum proteins, leading to impaired structures that
are unable to fulfill their physiological functions, becoming
pro-inflammatory and pro-atherogenic (28,29,31).

AOPPs are a substantial marker for the assessment
of oxidative damage in serum proteins, associated with
the development of atherosclerosis and cardiovascular
events (25). Our results support the hypothesis that under
increased oxidative stress conditions accompanied by a
chronically inflammatory burden, lipids are the first to be
altered, followed by a change in lipoprotein proteome.
In this context, hypertriglyceridemia plays a crucial
role (32). Klafke er al found that hypertriglyceridemia was
linked to oxidative stress, particularly AOPP levels, and
pro-inflammatory markers in individuals with high TG and
TC, but not in subjects with regular levels, and this association
was independent of age, gender, body mass index, LDL, HDL
and TC levels (25). In the current study, the said association
was highly significant.

The assessment of HDL functionality should be advised,
as only fully functional HDL can ensure protection against
cardiovascular maladies. Our results indicate that TG and
blood sugar levels are key factors in the advancement of oxida-
tive changes in serum proteins and lipoproteins. More specific
indicators of cardiometabolic risk are the markers of glycation
and advanced oxidation of serum proteins, such as AOPPs and
AGEs, and also the markers of lipid peroxidation, LDLox and
HDLox.

In conclusion, patients with DM and RA undergo similar
oxidative damage of serum lipoproteins. As regards the markers
of advanced oxidation and glycation of serum proteins, they
are only slightly higher in diabetics, with no significant differ-
ence between the two groups. These parameters have proven to
be better indicators of the real metabolic status in the case of
subjects with chronic inflammatory disease, as routinely deter-
mined ones are sometimes unable to reveal the functionality of
some essential molecules.
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