
blood pressure or hypertension treatment, fasting 
hyperglycemia or diagnosed type 2 diabetes, ab-
normal lipid profile (hypertriglyceridemia and/or 
low HDL-cholesterol) or the treatment of these 

Metabolic syndrome (MS) is defined as the co-
occurrence of metabolic risk factors that create fa-
vorable conditions for the development of cardio-
vascular diseases. Its components include elevated 
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Abstract
Background. Metabolic syndrome (MS) is a coexistence of metabolic risk factors affecting the development of car-
diovascular diseases. Reactive oxygen species, which are excessively produced in MS, participate in its pathogenesis. 
Vitamins A, C and E are an important part of the non-enzymatic antioxidative barrier in humans.
Objectives. The aim of the study was to estimate plasma vitamin A, C and E levels and the intake of these vitamins 
from the diet in patients with MS.
Material and Methods. The study included 182 patients with MS, 94 men and 88 women, aged 30–65 years (mean 
57.31 ± 8.28 years). The control group was comprised of 91 subjects, 56 men and 35 women, aged 41–65 years 
(mean 57.75 ± 5.84 years). The MS diagnosis was based on IDF criteria. The determination of the serum level 
of vitamin A, C and E was performed using the spectrophotometric method. The food intake was assessed by 
24-h dietary recall.
Results. The mean plasma vitamin A, C and E levels were significantly lower in MS patients than in the controls 
(p = 0.05). No correlation was found between vitamin A, C and E intake from the diet and their plasma concentra-
tions in MS patients. Plasma vitamin A, C and E deficiency was observed significantly more often in MS patients 
than in the control group (15.38% vs. 2.19%, 79.12% vs. 8.79% and 60.45% vs. 5.49%, p < 0.0001, respectively). BMI 
was the one factor significantly affecting the mean value of vitamin A, C and E levels in MS patients.
Conclusions. MS patients demonstrated significantly lower plasma levels of vitamin A, C and E compared to the 
healthy subjects. Lower plasma levels of antioxidant vitamins with their high intake from the diet indicate antioxi-
dant barrier impairment in MS patients (Adv Clin Exp Med 2016, 25, 4, 689–700).
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disorders, and central obesity, which is thought 
to play a key role in its pathogenesis. It has been 
proven that adipocytes are metabolically active 
cells regulating the energy balance due to the se-
cretion of adipokines (leptin, resistin, adiponectin) 
and cytokines (TNF-α, IL-1, IL-6) [1]. In the con-
text of MS, it is important to note that cytokines 
and resistin can induce insulin resistance, adipo-
cytes produce more of these substances in obese 
subjects and visceral adipose tissue produces more 
of these cytokines than subcutaneous tissue. Be-
cause of this, glucose intolerance is more frequent 
in obese subjects and/or in those with triglyceri-
demia, and tissue insulin resistance correlates with 
their intracellular content of triglycerides as well as 
with abdominal adipose tissue volume. Therefore, 
glucose intolerance remains in the cause-and-ef-
fect relationship with lipid disorders. MS is proba-
bly connected with an excessive cellular accumu-
lation of triglycerides and/or the adverse effects of 
hormonal-humoral factors produced by overde-
veloped adipose tissue [2].

Reactive oxygen species (ROS) are products of 
natural cell metabolism, which in addition to ex-
erting a beneficial effect on cell functioning, may 
cause excessive lipid peroxidation and damage to 
proteins and DNA. Their positive or negative effect 
on the organism depends on their amount and on 
the efficiency of antioxidant mechanisms. Among 
them there are distinguished enzymatic (superox-
ide dismutase, glutathione peroxidase, catalase) 
and non-enzymatic mechanisms, in which anti-
oxidant vitamins play a very important role [3, 4].

Oxidative stress occurs when the cellular re-
dox balance is disturbed. This leads to excessive 
production of ROS in hyperglycemia, insulin re-
sistance (due to cell respiration disorders) and 
obesity (a positive correlation was demonstrated 
between the volume of adipose tissue and the rate 
of ROS production), which are elements of MS. 
Thus, subjects with MS are particularly exposed to 
excessive ROS and they require special care in the 
range of efficient functioning of the antioxidant 
barrier [5, 6].

The level of antioxidant compounds in cells 
is supported by their appropriate intake in the 
diet or by de novo synthesis. The results of large 
population studies indicate that subjects with MS 
are characterized by low consumption of vegeta-
bles, fruits and products typical of the Mediterra-
nean diet, rich in antioxidant ingredients, includ-
ing vitamin A, C and E [3]. On the other hand, as 
shown in numerous studies, patients with MS are 
characterized by a higher level of oxidative stress 
and weakened antioxidant barrier as compared to 
those without MS [7]. Thus, a properly balanced 
diet not only determines the homeostasis of the 

internal environment of the body, but can signifi-
cantly contribute to strengthening the antioxidant 
barrier in patients with MS.

The aim of the study was to estimate plasma 
vitamin A, C and E levels in patients with MS ac-
cording to their intake from the diet. 

Material and Methods

Study Population
The study, conducted in the years 2013–2014, 

included 182 patients with MS recruited from the 
Department of Internal Medicine and Nephrodia-
betology, Medical University of Lodz, 94 men and 
88 women, aged 30–65 years (mean 57.31 ± 8.28 
years). 

The control group was comprised of 91 sub-
jects, 56 men and 35 women, aged 41–65 years 
(mean 57.75 ± 5.84 years), clinically healthy, with-
out MS. 

All of them were nonsmokers and in the last 
year they had not taken any dietary supplements. 

Metabolic Syndrome 
(Definition)
The MS diagnosis was based on IDF (Interna-

tional Diabetes Federation) criteria, stating the type 
of central obesity (waist circumference in wom-
en ≥ 80 cm, in men ≥ 94 cm) and two of the fol-
lowing risk factors: triglycerides ≥ 1.7 mmol/L or 
treatment of this disorder, low HDL cholesterol 
(in women < 1.3 mmol/L, in men < 1.0 mmo/l) or 
treatment of the disorder, fasting glucose level ≥ 
6.1 mmol/L or treated type 2 diabetes, blood pres-
sure ≥ 130/85 mm Hg or treatment of hyperten-
sion [1]. All subjects were nonsmokers and they 
had not taken any dietary supplements in the last 
year. 

Biochemical Analyses
Three blood pressure (systolic and diastolic) 

measurements were taken using a mercury sphyg-
momanometer and the mean was calculated.

Fasting blood glucose was determined with 
a reaction between glucose and ATP catalyzed by 
hexokinase; TG concentration was enzymatical-
ly measured with coupled reactions in which TG 
was hydrolyzed to produce glycerol; TC was mea-
sured with reactions using cholesteryl ester hydro-
lase, cholesterol oxidase, and peroxidase; HDL was 
measured using a heparin-manganese precipita-
tion method; LDL was assessed using the Friede-
wald equation.
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Blood samples (5 mL) were drawn from the 
basilic vein of the MS patients and the controls for 
laboratory examinations. In all patients, the deter-
minations of the serum level of vitamin E, A and C  
were performed by spectrophotometric method  
using a spectrophotometer T60V (PG Instru-
ments) according to the modified Rutkowski et al. 
method [8–11]. Plasma levels of the investigated 
vitamins were given in µmol/L.

Plasma vitamin deficiency was stated for vitamin 
A < 0.9 μmol/L, for vitamin C < 36.1 μmol/L and 
for vitamin E < 12 μmol/L [8–11].

Nutritional Evaluation
The food intake was assessed using a question-

naire concerning ingestion within the 72 h prior 
to the examination, in accordance with the guide-
lines of the National Food and Nutrition Institute 
in Warszawa [6, 13]. A total of 546 24-h dietary re-
calls (three 24-h dietary recalls for each individu-
al) were obtained from the subjects with MS by an 
interviewer and the means of consumption were 
calculated for each nutrient. The “Album of pho-
tographs of food products and dishes” of the Na-
tional Food and Nutrition Institute in Warszawa 
was used to determine the normal size of the con-
sumed portions [13].

The vitamin content in the diet was deter-
mined using DIET 5.0 software (license No: 52/
PD/2013), worked out by the National Food and 
Nutrition Institute in Warszawa, based on the 
“Charts of nutritive values of products and foods. 
Third edition expanded and updated” and “Stan-
dards of Human Nutrition” [12, 14]. The program 
takes into account the loss of vitamins during tech-
nological and culinary food processing at the levels 
of 25% for vitamin E, 25% for vitamin A and 55% 
for vitamin C [12–14]. 

Anthropometric Analyses
Height was measured using a fixed stadiome-

ter and weight was taken with individuals wearing 
light clothes and no shoes on a digital scale with 
a capacity of 200 kg and accurate to the nearest 
100 g. Body mass index (BMI) was calculated as 
weight (kg) divided by height in m2. Waist circum-
ference was measured at the midpoint between the 
bottom of the rib cage and above the top of the ili-
ac crest during minimal respiration.

Statistical Analyses
Statistical analysis was performed using STA-

TISTICA 7.1 PL and OFFICE 2010 software. The 

normal distribution was determined using the 
Shapiro-Wilk test. The variables not normally dis-
tributed underwent logarithmic transformation 
(log10) before statistical analysis. The comparison 
between the means of two independent groups was 
performed using the Student’s t test and Mann-
Whitney U test for continuous variables, and the 
c2 and Fisher’s exact tests were applied for dicho-
tomic ones. Correlations were assessed by Spear-
man’s and Pearson’s coefficient. One-way analysis 
of variance (ANOVA) with the post-hoc Bonferro-
ni test for multiple comparisons was used to deter-
mine if differences existed between the means of 
patients belonging to different plasma vitamin A, 
C and E groups according to sex and BMI at the 
level of significance p < 0.05. In order to determine 
the association between the clinical and biochemi-
cal factors and plasma vitamin A, C and E levels, 
we constructed a Multivariate Adaptive Regres-
sion Splines model with selected variables having 
p-values < 0.05 in the analysis. 

The study was approved by the Bioethics 
Committee of the Medical University in Lodz (No: 
RNN/556/10/KB). A written consent was obtained 
from all research participants.

Results
In the group of patients with MS, the tested 

parameters (including vitamin A, C and E levels) 
did not differ markedly between men and wom-
en, except for waist circumference, which was sig-
nificantly greater in men than in women (118.98 
vs. 108.26 cm, p = 0.046), and HDL-cholesterol, 
which was significantly higher in women than in 
men (1.129 mmol/L vs. 1.040 mmol/L, p = 0.042).

The mean plasma vitamin A, C and E levels 
were significantly lower in MS patients than in the 
controls (p < 0.0001) (Table 1). The greatest de-
crease in plasma antioxidant vitamin levels was 
found for vitamin E in MS patients in relation to 
subjects without MS (Fig. 1).

A plasma deficiency of vitamin A was ob-
served in 15.38% of patients with MS, vitamin C in 
79.12% and vitamin E in 60.45% of the cases, sig-
nificantly more often than in the control group 
(p < 0.0001).

Serum vitamin C concentration in MS patients 
inversely correlated with SBP (Pearson’s coeffi-
cient: –0.31, p < 0.0001), DBP (Pearson’s coeffi-
cient: –0.1689, p = 0.042) and HDL (Pearson’s co-
efficient: –0.19, p = 0.018), but was not associated 
with TC, LDL or TG. Serum vitamin E concentra-
tion inversely correlated with DBP (Pearson’s co-
efficient: –0.36, p = 0.044) in patients with MS and 
positively with HDL (Pearson’s coefficient: 0.46, 
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Table 1. Selected baseline characteristics of study participants

MS (n = 182) Without MS (n = 91) p-value

mean ± SD/% (n) mean ± SD/% (n)

Age [years] 57.31 ± 8.28 57.75 ± 5.84 0.2414a

Sex [% women] 59.89 56.04 0.3489a

T2D [%] 46.70 27.47 < 0.001c

HT [%] 79.67 56.04 0.0467c

BMI [kg/m2] 34.75 ± 5.29 27.21 ± 2.75 < 0.0001a

Waist [cm] 113.71 ± 12.66 96.34 ± 10.64 < 0.0001a

SBP [mm Hg] 145.97 ± 15.62 128.33 ± 12.61 < 0.0001b

DBP [mm Hg] 87.57 ± 10.31 81.25 ± 7.87 < 0.0001b

Plasma concentration

Glc [mmol/L] 8.06 ± 3.08 5.52 ± 0.55 < 0.0001b

TG [mmol/L] 1.93 ± 0.9 1.41 ± 0.25 < 0.0001b

TC [mmol/L] 4.57 ± 1.28 4.55 ± 0.95 0.8261a

HDL [mmol/L] 1.08 ± 0.25 1.26 ± 0.27 < 0.0001a

LDL [mmol/L] 2.98 ± 0.99 2.93 ± 0.84 < 0.0001a

Vitamin A [μmol/L] 1.37 ± 0.37 1.80 ± 0.51 < 0.0001a

Vitamin C [μmol/L] 31.18 ± 9.21 58.43 ± 18.15 < 0.0001a

Vitamin E [μmol/L] 12.47 ± 2.66 25.49 ± 3.01 < 0.0001a

Vitamin A deficiency [%] 15.38 (28) 2.19 (2) <0.0001c

Vitamin C deficiency [%] 79.12 (144) 8.79 (8) <0.0001c

Vitamin E deficiency [%] 60.44 (110) 5.49 (5) <0.0001c

Dietary intakes

Total energy [kcal/d] 2152.31 ± 977.16 1880.19 ± 594.35 0.0753b

Proteins [g/d] 100.34 ± 44.01 92.775 ± 32.60 0.5595b

Fats [g/d] 83.36 ± 56.92 78.647 ± 40.22 0.8045b

Carbohydrates [g/d] 281.40 ± 146.12 265.515 ± 119.10 0.5625b

Cholesterol [mg] 370.83 ± 215.69 276.181 ± 151.19 0.0002b

SFA [g/d] 34.29 ± 23.94 33.248 ± 17.55 0.8652b

MUFA [g/d] 32.27 ± 25.016 30.346 ± 18.14 0.8531b

PUFA [g/d] 10.76 ± 7.22 11.517 ± 6.54 0.7964b

Fiber [g] 23.21 ± 9.02 21.999 ± 7.53 0.8997b

Vitamin A [μg of retinol equivalent] 1300.14 ± 1043.86 1173.00 ± 535.32 0.9446b

Vitamin C [mg] 103.99 ± 139.14 93.30 ± 127.95 0.3454b

Vitamin E [mg of α-tocopherol equivalent] 8.85 ± 5.59 9.33 ± 5.09 0.2695b

a – Student’s t-test; b – Mann-Whitney U test; c – χ2 test.
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p = 0.017), but it was not associated with SBP, TC, 
LDL or TG. Serum vitamin A concentration posi-
tively correlated with HDL (Pearson’s coefficient: 
0.42, p = 0.021) and it was not associated with SBP, 
DBP, TC, LDL or TG in patients with MS. 

Multivariate analysis of variance showed that 
in MS patients BMI was the factor significantly af-
fecting the mean value of vitamin A, C and E con-
centration. Significantly lower levels of antioxidant 
vitamins were found in obese patients than in pa-
tients with normal weight or overweight. Further-
more, an interaction was observed between gender 
and BMI in the case of vitamin A and C (Table 2,  
Figs. 2–4). Significant differences between the 

mean levels of vitamin A and C were found in 
men and women with normal weight and over-
weight, but in the group of women the level of vi-
tamin A and C decreased with the increase of BMI 
from normal to overweight values and in the group 
of men it increased. 

The consumption of energy, protein, fat, car-
bohydrates, fiber, PUFA, MUFA and SFA, as well 
as vitamin A, C and E did not differ significant-
ly between patients with MS and controls, except 
that a higher consumption of cholesterol was not-
ed in MS patients (370.829 ± 215.699 vs. 276.181 ±  
± 151.193, p = 0.0002). 

In the group of patients with MS, no correla-
tion was found for any of the tested antioxidant 
vitamins between their consumption with the diet 
and plasma concentration. Such a correlation was 
observed in the control group for vitamin E (Pear-
son’s coefficient: 0.28, p = 0.012) and vitamin C  
(Pearson’s coefficient: 0.31, p = 0.026). However, 
in the MS group a correlation was noted between 
the plasma level of vitamin E and the consump-
tion of dietary MUFA (Rho = 0.26, p < 0.001),  
total fat (Rho = 0.22, p < 0.001) and total protein 
(Rho = 0.28, p < 0.001). Furthermore, multivari-
ate adaptive regression (MARSplines – Multivar-
iate Adaptive Regression Splines) demonstrated 
a correlation between plasma levels of vitamin A, 
C and E and their consumption with a diet, tak-
ing into account gender, the prevalence of over-

Fig. 1. The percentage value of the fall in vitamin A, 
C and E concentrations in the plasma of MS patients 
compared to subjects without MS

Table 2. Univariate tests of significance for vitamins A, C and E. Sigma-restricted parameterization

SS Partial eta-squared MS F p

Vitamin A

Intercept 404.90 0.89 404.91 2258.78 0.0000

Sex 0.35 0.01 0.35 1.93 0.1656

BMI 5.11 0.09 1.70 9.50 0.0000

Sex*BMI 6.34 0.12 2.11 11.79 0.0000

Vitamin C

Intercept 283728.7 0.81 283728.7 1117.67 0.0000

Sex 158.2 0.00 158.2 0.62 0.4305

BMI 16278.0 0.19 5426.0 21.37 0.0000

Sex*BMI 3814.3 0.05 1271.4 5.01 0.0021

Vitamin E

Intercept 52846.05 0.88 52846.05 1922.73 0.0000

Sex 41.96 0.01 41.96 1.52 0.2177

BMI 4816.33 0.40 1605.44 58.41 0.0000

Sex*BMI 60.75 0.01 20.25 0.74 0.5309
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weight or obesity according to BMI, diabetes, and 
hypertension (correlation coefficients at the level 
of 0.374, 0.412 and 0.497, respectively, p < 0.001) 
(Figs. 5–7).

Discussion
The prevalence of MS in Poland, and Europe 

in general, is high. It has been estimated that ac-
cording to IDF criteria, 26% of people in Poland 
suffer from MS, and thus they are at increased 
risk of cardiovascular diseases which have been 

the leading cause of death in this country for years  
[2, 15–17].

Patients with MS are at high risk of develop-
ing micro- and macrovascular abnormalities. Mac-
roangiopathy-type complications are most often 
clinically manifested as coronary artery disease and 
stroke. These complications result from the dam-
age to small and medium-sized vessels and this 
damage results from atherosclerotic lesions. MS, 
understood as a set of co-occurring risk factors 
for atherosclerosis, predisposes in a special way 
to the development of macrovascular disease [6].  
The majority of recent reports, including those 

Fig. 2. Association between 
plasma vitamin A concen-
tration, sex and BMI in 
patients with MS

Sex*BMI; LS Means
Current effect: F = 11.794, p = .00000

Vertical bars denote 0.95 confidence intervals
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Fig. 3. Association between 
plasma vitamin C concen-
tration, sex and BMI in 
patients with MS

Sex*BMI; LS Means
Current effect: F = 5.0085, p = .00215

Vertical bars denote 0.95 confidence intervals
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Fig. 4. Association between 
plasma vitamin E concen-
tration, sex and BMI in 
patients with MS

Sex*BMI; LS means
Current effect: F = .73674, p = .53094

Vertical bars denote 0.95 confidence intervals
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Fig. 5. Multivariate adaptive 
regression for the plasma level 
of vitamin A and its consump-
tion with a diet, taking into 
account gender, the prevalence 
of overweight or obesity, diabe-
tes, and hypertension in patients 
with MS

2D Scatter Plot of A [µmol/L] (Obs.) vs. A [µmol/L] (Pred.) (All_new_out_vit)
Y = 1.0277 + 0.3024*x

0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2 2.4 2.6 2.8 3.0 3.2

A [µmol/L] (Obs.)

0.8

0.9
1.0

1.1

1.2

1.3
1.4

1.5

1.6
1.7

1.8

1.9
2.0

2.1

2.2

2.3
2.4

A 
[µ

m
ol

/l]
 (P

re
d.

)

from large population studies such as the Framing-
hamm Offspring Study and the San Antonio Heart 
Study, indicate that the prevalence of MS is most 
associated with an increased risk of coronary ar-
tery disease. Similarly, reports are appearing more 
and more often about a significant role of MS and 
its components in the pathogenesis of microvas-
cular complications so far associated mainly with 
diabetes. Changes in the fundus of the eye are the 
most common among microvascular complica-
tions in patients with MS. However, Kowalski et 
al. found a relationship between the severity of 
vascular lesions in the fundus of the eye in pa-
tients with MS and the incidence of coronary ar-

tery disease [18]. Thus, in the light of recent re-
ports, early diagnosis and treatment of MS may 
be important in the prevention and delay of vas-
cular complications.

In the circulatory system, ROS are generated 
by endothelial cells, vascular smooth muscle cells, 
fibroblasts and leukocytes. The negative effects of 
ROS in arterial vessels result from the change in 
endothelial permeability and lipid peroxidation. 
Moreover, free radicals induce hypertension due 
to the decreased synthesis and availability of NO 
which plays a role in the regulation of vascular 
smooth muscle tension. The mechanisms leading 
to endothelial dysfunction are complex and their 
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activity is multidirectional. In MS patients their ef-
fect may accumulate due to the impact of individu-
al components of the metabolic syndrome and im-
pair NO-dependent vasodilation [19]. There are 
reports confirming significantly lower NO con-
centration in patients with MS than in healthy 
controls, which indicates functional endothelial 
damage. Since antioxidant compounds, including 
vitamin E, A and C, belong to the first line of de-
fense against ROS and can play a key role in the 
pathophysiology of these diseases, the determina-
tion of the concentration of antioxidants in pa-
tients with MS is justified [3–6]. 

In our study, MS patients demonstrated signif-
icantly lower plasma levels of vitamins E, A and C  

compared to healthy subjects without MS. These 
results found confirmation in the research of other  
authors. 

Analyzing the concentration of antioxidant vi-
tamins in the plasma of patients with MS, Ford et 
al. observed significantly lower plasma levels of vi-
tamins A, C and E in these patients than in healthy 
subjects without MS [20]. 

Moreover, the American NHANES study al-
so confirmed significantly lower levels of vita-
min C in patients with diagnosed MS than in 
the control group. Furthermore, this study dem-
onstrated insignificantly higher plasma vita-
min E levels in patients with MS compared to 
healthy subjects [21].

Fig. 6. Multivariate adaptive 
regression for the plasma level 
of vitamin C and its consump-
tion with a diet, taking into 
account gender, the prevalence 
of overweight or obesity, diabe-
tes, and hypertension in patients 
with MS

2D Scatter Plot of C [µmol/L] (Obs.) vs. C [µmol/L] (Pred.) (All_new_out_vit)
Y = 18.3822 + 0.5325*x
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Fig. 7. Multivariate adaptive 
regression for the plasma level 
of vitamin E and its consump-
tion with a diet, taking into 
account gender, the prevalence 
of overweight or obesity, diabe-
tes, and hypertension in patients 
with MS

2D Scatter Plot of E [µmol/L] (Obs.) vs. E [µmol/L] (Pred.) (All_new_out_vit)
Y = 2.7065 + 0.8337*x
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Sharma et al., in their study on an Indian pop-
ulation, showed significantly lower levels of vita-
min A, C and E in the plasma of patients with MS, 
both in relation to the patients with two MS com-
ponents and to clinically healthy subjects without 
MS [22]. 

These observations were confirmed by Odum 
et al. In the group of 100 Nigerian patients with 
MS they obtained significantly lower plasma con-
centrations of vitamin A, C and E compared to 
healthy individuals [23]. 

Examining the Brazilian population, in pa-
tients with type 2 diabetes, Illison et al. detect-
ed significantly lower plasma levels of vitamin 
E compared to the control group. Moreover, they 
demonstrated that low vitamin E levels correlat-
ed with waist circumference in the investigated 
group [24].

Singh et al. came to similar conclusions study-
ing a group of 595 patients with diabetes and cor-
onary artery disease. They observed a significant-
ly lower plasma concentration of vitamin A, C and 
E in both groups than in the group of patients with 
no risk factors for cardiovascular diseases [25].

Cahill et al., examining Canadian adults, found 
a vitamin C deficiency in the plasma which corre-
lated with the components of MS such as waist cir-
cumference and arterial blood pressure [26]. 

Obesity, especially the visceral type, is consid-
ered a classic risk factor for cardiovascular diseas-
es, which was first demonstrated in the Framing-
ham study [27]. It accelerates the development of 
atherosclerosis, modulates immunity through the 
production of pro-inflammatory substances and 
thus contributes to the development of chronic in-
flammation, which is one of the elements of ath-
erogenesis. A lot of studies have confirmed the 
reverse correlation between antioxidant vitamin 
levels and BMI [16, 28–30]. There are works which 
have evaluated the concentrations of antioxidant 
vitamins in the plasma of subjects with an exces-
sive content of adipose tissue, particularly locat-
ed in the abdomen, which is considered a key ele-
ment of MS. 

Galan et al. reported significantly lower plas-
ma levels of vitamin A and C and insignificant-
ly lower plasma levels of vitamin E in the French 
adult population in a group of obese subjects com-
pared to healthy individuals [31]. 

Ohrvall et al. drew similar conclusions in 
a study of patients with central obesity who pre-
sented significantly lower plasma vitamin E levels 
than those with normal body weight [32].

This was confirmed by Knekt et al. who found 
significantly lower levels of vitamin E in the plas-
ma of an obese Finnish adult population in com-
parison to those with normal body weight [33].

Similarly, Sinha et al. found lower plasma lev-
els of vitamin E in obese subjects compared to 
those of normal body weight [34].

In the study of Hebert et al., obese subjects 
had a significantly lower plasma level of vitamin 
E than those with normal body weight irrespective 
of balanced diet [35]. 

Furthermore, Wallstrom et al. also observed 
a plasma level of vitamin E which was significant-
ly lower in the group of obese subjects than slim 
ones [36]. 

Our study confirmed the results of other au-
thors, who showed decreased plasma levels of vi-
tamin A, C and E in MS patients compared to 
healthy subjects, which resulted in a weakening 
of the body’s defenses against ROS. The question 
whether the low plasma levels of antioxidant vita-
mins of patients with MS are the cause of meta-
bolic disorders or their consequence still remains 
unanswered. In any case, from the prophylaxis 
point of view, this is an important problem in the 
prevention of complications associated with MS 
mainly of the cardiovascular system.

Epidemiological studies conducted in Poland 
and around the world have pointed to a correla-
tion between the components of a daily diet and 
the incidence of cardiovascular diseases, includ-
ing MS [37]. Although no set of specific therapeu-
tic and prophylactic doses of vitamins A, C and 
E have been established in various diseases, most 
clinical studies indicate a beneficial effect of an-
tioxidant vitamins on the quality and duration of 
life. Thus, a properly balanced diet in terms of en-
ergy content and nutrients, including antioxidant 
vitamins, can contribute to the improvement of 
one’s health condition and to a decrease of the in-
cidence of cardiovascular diseases.

However, taking into account the results of 
our studies, in which we showed a high mean in-
take of vitamins A, C and E in patients with MS 
(similar to the control group), the question should 
be asked about the cause of the low plasma level of 
antioxidant vitamins in these patients. In the liter-
ature there are studies indicating a reduced plas-
ma level of vitamin A, C and E in these patients 
[31, 38–40]. 

There are several hypotheses explaining this 
phenomenon in patients with MS. Metabolic disor-
ders characteristic of MS are accompanied by sys-
temic increased oxidative stress, which is counter-
acted by vitamins or supplements consumed in the 
diet as well as other enzymatic mechanisms. Thus, 
in a group of patients characterized by severe oxi-
dative stress, reduced levels of these vitamins can 
be expected due to their greater consumption in 
the process of neutralization of reactive oxygen 
species (ROS). 
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Oxidative stress also plays a role in the forma-
tion of atherosclerotic plaque. The concept of the 
mechanism of formation of atherosclerotic depos-
its in blood vessels assumes that plaques are formed 
by cells filled with lipids taken up from plasma li-
poproteins damaged by ROS. As lipid disorders 
are one of the diagnostic criteria in patients with 
MS, it therefore can be assumed that despite the 
proper intake of antioxidant vitamins in the diet, 
their plasma concentration may be decreased [41]. 

Moreover, increased oxidative stress is a com-
ponent of the pathogenesis of disorders of carbo-
hydrate metabolism specific to patients with MS. 
Glucose, the molecule of which contains an alde-
hyde group, reacts with amino groups. As a result 
of this reaction, long-lived proteins undergo pro-
gressive non-enzymatic glycosylation. The amount 
of O2– produced due to oxidation of glucose and 
protein glycation end products is higher in the 
body of a diabetic patient [41]. 

In the literature, reports are also found indi-
cating that antioxidants, such as vitamin A, C and 
E, may interact to protect against degradation or 
to promote regeneration. Thus, ascorbic acid par-
ticipates in the regeneration of hydrophobic an-
tioxidants, such as α-tocopherol and β-carotene 
from their radical forms. It is understood that this 
reaction takes place on the surface of cell mem-
branes. Ascorbate reduces the tocopheryl radical, 
creating at the same time an ascorbyl radical. This 
reaction is possible because the tocopherol chro-
man group is oriented towards the surface of the 
cell membrane and can react with ascorbate in an 
aqueous medium [42]. Thus, in MS patients the re-
duced plasma concentration of vitamin C may re-
sult from the regeneration of other antioxidant vi-
tamins.

The fact that the adipose tissue is the one that 
stores fat-soluble vitamins should also be taken 
into account. Thus, in patients with MS, among 

whom obesity is the most common component, 
vitamins A and E move from plasma to the adi-
pose tissue and their plasma concentration is re-
duced [31, 37, 38]. 

Clinical studies have confirmed that the use of 
antioxidant vitamin supplementation and therefore 
an increase in their plasma concentration leads to 
an inhibition of lipid oxidation, a decrease of the in-
cidence of coronary heart disease and to a reduc-
tion of the death rate due to cardiovascular diseas-
es [40, 43]. It is also known that a combination of 
these antioxidants may provide better antioxidant 
protection than a single antioxidant [44, 45]. 

Thus, compounds with an antioxidant effect 
can prevent cardiovascular diseases associated 
with atherosclerotic changes. Vitamin E saturat-
ing LDL particles were found to be more resis-
tant to oxidation in vitro and endothelial cells and 
macrophages enriched with vitamin E were resis-
tant to the cytotoxic effect of oxidized LDL. Thus, 
vitamin E may have a major impact on the stabi-
lization of atherosclerotic plaque [46]. The World 
Health Organization conducted research studies 
which clearly showed that low levels of vitamin 
A, C and E could be even more important in the 
pathogenesis of cardiovascular diseases than clas-
sic risk factors for atherosclerosis, such as hyper-
cholesterolemia and hypertension [47]. This is ex-
tremely important from the point of view of the 
observed cardiovascular complications in patients 
with MS.

MS patients demonstrate significantly low-
er plasma levels of vitamin E, A and C compared 
to healthy subjects; especially vitamin E. The low-
er plasma level of antioxidant vitamins with their 
high intake from the diet indicates an impairment 
of the antioxidant barrier in MS patients. The in-
troduction of vitamin A, C and E supplementa-
tion in order to improve the antioxidative barrier 
should be considered in these patients.
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