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Background and aims: Fat-soluble vitamins play an important role in the pathogenesis of cardiovascular disease and progression of
atherosclerosis. This study aimed at investigating the relationship of the serum levels of alpha-tocopherol and retinol with the
extent of coronary lesions in patients with coronary artery disease. Methods. Patients with coronary artery disease (n � 177) aged
30–74 years, who underwent their ﬁrst coronary angiography, were enrolled. The extent of coronary lesions was assessed using the
Friesinger index (FI). Accordingly, patients were grouped as follows: FI � 0–4 (n � 90), FI � 5–9 (n � 50), and FI � 10–15 (n � 37).
Serum levels of vitamins were determined via high-performance liquid chromatography and serum biochemical analysis. Results.
Assessment of FI-based groups revealed that 50.8% patients had a coronary artery lesion to a low extent (FI 0–4). Individuals in
this group were younger and had lower glucose and serum alpha-tocopherol levels than the other groups (p < 0.05). Low levels of
alpha-tocopherol were more frequent in the FI 0–4 group than that in the other groups (p � 0.03). No diﬀerence was observed
between the mean serum retinol levels among the FI-based groups (n � 0.492), and the low frequency of retinol was consistent
among the FI groups (n � 0.348). Conclusions. The low level of alpha-tocopherol together with the presence of dyslipidemia is
probably associated with the initial events in atherosclerosis. Increased alpha-tocopherol levels in patients with more extensive
coronary artery lesions may have resulted from altered vitamin E metabolism with increased oxidative stress.

1. Introduction
Coronary artery disease (CAD) is the leading cause of
mortality among humans, with an estimated worldwide
mortality rate of 32% [1]. CAD is a chronic disease caused
by atherosclerosis. Often, the early stage of the disease is

asymptomatic, and the diseases progresses gradually [2, 3].
Atherosclerosis is a chronic inﬂammatory vascular disease
and major cause of cardiovascular diseases (CVD) [4].
CAD results from the formation of atherosclerosis
plaques and is the primary lesion in the disease. Atherogenesis may lead to endothelial injury, owing to the oxidative
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stress and inﬂammation induced by the exposure to metabolic alterations and environmental factors including tobacco smoking, type 2 diabetes, hypertension, dyslipidemia,
and obesity [5]. Management of these metabolic diseases
may decelerate CVD progression.
Fat-soluble vitamins may prevent oxidative stress, primarily by reducing low-density lipoprotein (LDL) peroxidation [6]. Serum levels of antioxidant vitamins such as
vitamin E (alpha-tocopherol) and vitamin A (retinol) are
seemingly important in reducing the risk of CAD, thereby
playing a potentially important role in reducing the risk of
CVD and deterring atherogenesis [7–9].
Alpha-tocopherol is a common form of vitamin E with
the highest antioxidant activity. It is the preferentially
absorbed and accumulated form of vitamin E [10]. Alphatocopherol levels are inversely proportional to CAD occurrence [6, 9]. Vitamin E regulates proteins involved in the
uptake, transport, and degradation of atherogenic lipids and
displays anti-inﬂammatory activity [11, 12].
Vitamin A is also important for maintaining immune
function and plays an essential role in the development of
T-helper and B cells [13]. The primary forms of vitamin A
are retinol, retinoic acid, and retinal, whereas the form
stored in the liver is retinyl palmitate [14]. Retinol is one of
the circulating forms of plasma vitamin A. Low retinol levels
are reportedly a characteristic of unstable atherosclerotic
plaques [15]. Patients with CAD or atherosclerosis may have
signiﬁcantly lower circulating levels of retinol [16]. Reduced
retinol has been suggested to be a risk factor for CVD and
mortality [7, 15, 17].
Nutrition is one of the most critical factors inﬂuencing
the CVD pathogenesis. Thus, monitoring of vitamin levels in
biological ﬂuids is a useful method to determine the nutritional status of patients. However, the association between
fat-soluble antioxidant vitamins and the extent of coronary
lesions is unclear.
This study aimed to examine the association of serum
concentrations of alpha-tocopherol and retinol with the
extent of coronary lesions in individuals diagnosed with
CAD via coronary angiography.

2. Materials and Methods
2.1. Study Population. A total of 177 subjects (30–74 years
old), who underwent their ﬁrst coronary angiography for
CAD diagnosis, were enrolled in this study, as described
previously [18, 19]. Patients were selected at the hemodynamics unit of the Hospital Universitário Onofre Lopes,
Instituto do Coração, and Natal Hospital Center in Natal
and Rio Grande do Norte State in Northeast Brazil. The
study was approved by the hospital’s Research Ethics
Committee (CAAE 0001.0.051.294-11). All participants
provided written informed consent, and the study protocol
conformed to the ethical guidelines of the 1975 Declaration
of Helsinki.
Information regarding age, body mass index, sex, hypertension, obesity, cigarette smoking, physical activity, alcohol
consumption, and a family history of CAD was recorded.
Exclusion criteria were a diagnosis of cardiomyopathy, heart
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valve disease, congenital diseases, pericarditis, chronic kidney
disease, liver failure, endocrine disorder (except type 2 diabetes), inﬂammatory diseases, malignant diseases, blood
disorders, autoimmune diseases, family history of hypercholesterolemia, and previous cardiovascular events, including
acute coronary syndrome or coronary revascularization.
The extent of coronary artery lesion was assessed using
the Friesinger index (FI) [18, 20]. Each of the three primary
coronary arteries (anterior descending, circumﬂex, and right
coronary) was scored separately from zero to ﬁve, within a
range of 0–15. All coronary lesions were assessed by the same
group of interventional cardiologists. In accordance with
Chagas et al. [20], patients were grouped as follows: FI � 0–4,
FI � 5–9, and FI � 10–15 [20].
2.2. Blood Sampling and Laboratory Analysis. Peripheral
blood samples were drawn from patients before coronary
angiography in tubes without anticoagulant for biochemical
analysis, as described previously [18]. Fasting serum glucose,
triglycerides, total cholesterol, high-density lipoprotein
cholesterol, urea, creatinine, uric acid, and alanine and aspartate aminotransferase levels were measured via colorimetric and kinetic ultraviolet methods using a Labmax
Plenno biochemical analyzer (Labtest, Minas Gerais, Brazil).
Values of LDL cholesterol were calculated in accordance
with the Friedewald formula [21].

2.3. Quantiﬁcation of Serum Alpha-Tocopherol and Retinol
Levels. Alpha-tocopherol and retinol were extracted from
serum samples via our previously reported method with
slight modiﬁcation [22, 23]. In brief, 95% ethanol and
hexane P.A (Merck, Darmstadt, Germany) were used for
protein precipitation and for extraction, respectively. After
evaporation under a nitrogen atmosphere, the extract was
diluted in absolute ethanol (Vetec, St. Louis, MO, USA).
Serum alpha-tocopherol and retinol levels were determined via high-performance liquid chromatography
(HPLC) analysis, using an HPLC device (Shimadzu, Kyoto,
Japan) and a reverse-phase C18 column (LiChroCART
250–4; Merck, Darmstadt, Germany) coupled with an SPD20A UV-Vis detector and LC Solution software (Shimadzu)
for data processing. Twenty microliter (20 μL) extracts were
used for HPLC analyses. The mobile phase was 100%
methanol in an isocratic system with a ﬂow rate of 1.0 mL/
min and the detector wavelength adjusted to 292 nm for
alpha-tocopherol and to 325 nm for retinol.
Alpha-tocopherol and retinol levels were quantiﬁed via
area under curve analysis, using respective standards as
references (Sigma-Aldrich, St. Louis, MO, USA). Concentrations of the standards were conﬁrmed from the
speciﬁc extinction coeﬃcients of alpha-tocopherol (1%,
1 cm � 75.8) [24] and retinol (1%, 1 cm � 1780) [25] in
absolute ethanol (Merck). These standards were used to
generate the calibration curves. The linearity of the HPLC
method ranged from 3.4 to 53.7 μmol/L and from 3.2 to
102 μmol/L (r � 0.9998) for alpha-tocopherol and retinol,
respectively.
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Serum concentrations of alpha-tocopherol and retinol
>12 μmol/L and 0.70 μmol/L, respectively, were considered
adequate [26, 27].
2.4. Statistical Analysis. Statistical analyses were performed
using SPSS 22.0 software (SPSS, Chicago, IL, USA). Normally distributed data were evaluated using the
Kolmogorov–Smirnov test. Normally distributed continuous variables are presented as mean and standard deviation
values and were compared using ANOVA followed by
Tukey’s test for post hoc analysis. Variables with skewed
distributions are presented as the median and interquartile
range and analyzed using the Kruskal–Wallis test followed
by Mann–Whitney test. Categorical variables are presented
as the number of subjects and percentages and were compared using the chi-square test. Independent variables
possibly aﬀecting FI were determined by a model of multivariate regression analysis. A p value <0.05 was considered
statistically signiﬁcant.
To assess the association between alpha-tocopherol and
retinol levels with coronary lesion extensions in patients
with CAD, the required sample size was estimated to be 84
for a three-tailed signiﬁcance level of 95%, power of 0.8, and
average eﬀect of 0.35 (software G∗ POWER, version 3.1.9.2,
University of Düsseldorf, Düsseldorf, Germany) [28].

3. Results
Clinical and laboratory data of CAD patients are enlisted in
Table 1. Assessment of FI groups revealed that 50.8%
(n � 90) patients had coronary artery lesions to a low extent
(FI 0–4). Subjects in this group were younger and displayed
signiﬁcantly lower glucose levels than those with higher FI
(p < 0.05). Clinical and other laboratory variables were
similar among FI groups (p > 0.05).
Serum alpha-tocopherol and retinol levels were analyzed
in 82 and 141 CAD patients, respectively. The mean alphatocopherol level was lower in the FI 0–4 group than in the FI
5–9 group (p < 0.05) (Table 2). Low alpha-tocopherol levels
were signiﬁcantly more frequent in the FI 0–4 group (33.3%)
than in the FI 5–9 (13.0%) and FI 10–15 (5.9%) groups
(p � 0.033). In contrast, mean serum retinol levels remained
largely unchanged among the FI groups, and the frequency
of low retinol levels was similar among FI groups.
Multiple logistic regression showed that variables age
and alpha-tocopherol were independently associated with FI
(Table 3). Patients with alpha-tocopherol values >12 μmol/L
had greater likelihood of having FI 10–15 (OR: 11.5, 95%
CI � 1.182–112.058, p � 0.035).

4. Discussion
Fat-soluble antioxidant vitamins have long been associated with a decreased risk of CAD [6]. Thus, in the present
study, we evaluated the association of serum alphatocopherol and retinol levels with the presence and extent
of coronary lesions. Among clinical and biochemical parameters of patients, the characteristics of the subjects were
consistent with the factors associated with the disease, such
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as obesity, dyslipidemia, diabetes, and hypertension, among
other analyzed variables displayed in Table 1.
To our knowledge, this is the ﬁrst study to assess the
plausible association between circulating tocopherol and
retinol levels with the extent of coronary lesions in CAD
patients. This study primarily shows that serum alphatocopherol levels were lower in the FI 0–4 group than in
the FI 5–9 group and that a low alpha-tocopherol level was
more frequent in the FI 0–4 group. A low alpha-tocopherol
level together with the presence of dyslipidemia suggests that
the CAD patients in the FI 0–4 group had reduced antioxidant protection by alpha-tocopherol and hence may have
been more prone to the induction of initial events of the
atherosclerotic process.
Tocopherols as antioxidants may be promising agents in
reducing the risk of CAD. This is based on the hypothesis
that inhibits LDL oxidation, thereby protecting against
atherogenesis. In addition, tocopherols inhibit platelet aggregation and thrombogenesis [29]. The present ﬁndings are
concurrent with previous reports that vitamin E deﬁciency
manifests in the early stage of atherosclerosis [30].
Recent studies have reported that dietary antioxidants
are important in preventing chronic diseases. For example,
adequate intake of diﬀerent dietary antioxidants, such as
vitamin E and vitamin A, is associated with a lower risk of
chronic diseases [31]. We acknowledge the importance of
dietary evaluation in the present study. However, this was
not essential in the present analysis because dietary ingestion is only a determining factor in cases of supplementation, which did not occur in the present study.
Moreover, measures of dietary intake, irrespective of accuracy, do not reﬂect the bioavailability of the nutrients
from various food items, the level of absorption in the
digestive tract, or individual metabolic diﬀerences. Nutritional biomarkers reﬂect habitual intake or a steady state
of intake and metabolism [32].
The use of a dietary questionnaire may represent external
exposure, whereas blood biomarker analysis better reﬂects the
internal state [33]. Plasma alpha-tocopherol concentrations
may represent the most relevant biological exposure in
comparison with intake estimates [34]. Tocopherols are more
rigidly regulated by homeostatic systems and are therefore less
reﬂective of food intake. A study reported that plasma alphatocopherol concentrations measured via NHANES III were
not correlated with estimated vitamin E intake from 24 h
dietary recalls [35]. Another study also reported that plasma
concentrations of alpha-tocopherol were not associated with
intake estimates or that the observed associations largely
resulted from supplemental intake of vitamin E [26]. In
addition, no studies have reported that vitamin intake does
not determine the current alpha-tocopherol levels; these levels
are rather aﬀected by the levels of circulating lipids [36].
Moreover, only retinol levels are altered in response to extreme vitamin A deﬁciency or disease states [37] and in the
postprandial period when a vitamin A-rich meal is provided
to individuals with vitamin A deﬁciency [38].
In the present study, no diﬀerences were observed in
serum lipids among the FI groups. However, serum alphatocopherol levels were highly dependent on levels of
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Table 1: Demographic, anthropometric, and clinical data of patients with coronary artery disease.

Variables

Total (n � 177)

Age (years)
Men, n (%)
BMI (kg/m2)
Obesity, n (%)
Dyslipidemia, n (%)
Type 2 diabetes, n (%)
Hypertension, n (%)
Diastolic pressure (mmHg)
Systolic pressure (mmHg)
Alcohol consumption, n (%)
Cigarette smoking, n (%)
Physical activity, n (%)
Glucose (mmol/L)
Total cholesterol (mmol/L)
HDL cholesterol (mmol/L)
LDL cholesterol (mmol/L)
Triglycerides (mmol/L)
ALT (µkat/L)
AST (µkat/L)
Urea (mmol/L)
Creatinine (μmol/L)

58 ± 10
99 (55.9)
27.8 ± 54.9
45 (27.1)
165 (93.2)
49 (27.7)
154 (87.0)
84 ± 15
143 ± 27
52 (29.5)
41 (23.2)
65 (36.9)
6.6 ± 3.2
4.6 ± 1.3
1.0 ± 0.3
2.8 ± 1.1
1.9 ± 1.2
0.5 ± 0.3
0.5 ± 0.3
6.4 ± 2.0
82.1 ± 23.1

Extent of coronary lesion (Friesinger index)
0–4 (n � 90)
5–9 (n � 50)
10–15 (n � 37)
56 ± 10
60 ± 11
62 ± 7
48 (53.3)
30 (60.0)
21 (56.8)
28.3 ± 5.1
26.8 ± 4.5
28.1 ± 4.5
17 (25.4)
8 (18.6)
4 (12.9)
82 (91.1)
48 (96.0)
35 (94.6)
20 (24.4)
17 (34.0)
12 (32.4)
77 (85.5)
45 (90.0)
32 (86.5)
81 ± 14
88 ± 16
83 ± 17
138 ± 23
152 ± 34
142 ± 22
31 (34.8)
11 (22.0)
10 (27.0)
16 (23.5)
13 (30.2)
8 (24.2)
39 (43.3)
16 (32.0)
10 (27.8)
5.7 ± 2.1
7.9 ± 4.5
6.7 ± 3.1
4.6 ± 1.1
4.7 ± 1.3
4.8 ± 1.6
0.9 ± 0.3
0.9 ± 0.3
0.9 ± 0.3
2.7 ± 1.0
2.8 ± 1.1
3.1 ± 1.4
1.9 ± 1.2
1.9 ± 1.4
1.7 ± 0.6
0.5 ± 0.3
0.5 ± 0.4
0.5 ± 0.3
0.6 ± 0.3
0.5 ± 0.3
1.8 ± 1.0
6.2 ± 1.8
6.3 ± 1.9
6.6 ± 2.6
82.5 ± 22.2
83.0 ± 23.7
79.6 ± 25.0

p value
0.004a
0.592
0.212
0.279
0.508
0.252
0.751
0.149
0.069
0.263
0.551
0.183
0.001b,c
0.648
0.751
0.248
0.875
0.639
0.506
0.831
0.758

Categorical variables are shown as number of patients (percentage) and compared using the chi-square test. Continuous variables are presented as mean ±
standard deviation and compared using one-way ANOVA followed by Tukey’s test for multiples comparisons; p < 0.05 was considered statistically signiﬁcant.
CAD: coronary artery disease; BMI: body mass index; HDL: high-density lipoprotein; LDL: low-density lipoprotein; AST: aspartate aminotransferase; ALT:
aminotransferase. a p � 0.05 for comparison between 0–4 and 10–15 Friesinger index groups. b p < 0.001 for comparison between 0–4 and 5–9 Friesinger index
groups. c p � 0.015 for comparison between 0–4 and 10–15 Friesinger index groups.

Table 2: Serum alpha-tocopherol and retinol levels in patients with coronary artery disease.
Variables

Extent of coronary lesion (Friesinger index)
5–9
10–15
(n � 23)
(n � 17)
6.2 ± 3.7
6.3±2.8
26.8 ± 12.8
27.1 ± 15.2
20(87.0)
16 (94.1)
3 (13.0)
1 (5.9)
(n � 50)
(n � 26)
2.03 ± 0.80
2.17 ± 1.0
34 (94.4)
26 (100.0)
2 (5.6)
0 (0)

0–4
(n � 42)
4.4 ± 2.4
19.3 ± 11.6
28 (66.7)
14 (33.3)
(n � 65)
1.91 ± 0.77
60 (92.3)
5 (7.7)

Alpha-tocopherol
μmol/mmol cholesterol
μmol/L
Adequate levels, n (%)
Low levels, n (%)
Retinol
μmol/L
Adequate levels, n (%)
Low levels, n (%)

p value
0.036a
0.045a
0.033

0.492
0.348

Categorical variables are shown as the number of patients (percentage) and compared using the chi-square test. Continuous variables are shown as mean ±
standard deviation and compared using one-way ANOVA followed by Tukey’s test for multiples comparisons; p < 0.05 was considered statistically signiﬁcant.
CAD: coronary artery disease. a p < 0.05 for comparison between 0–4 and 5–9 Friesinger index groups.

Table 3: Multiple logistic regression (dependent variable Friesinger
index).
Variables
Glucose (mmol/L)
Age (years)
Alpha-tocopherol (μmol/L)

B
0.005
0.112
2.443

OR (95% CI)
1.0 (1.0–1.02)
1.1 (1.0–1.21)
11.5 (1.2–112.1)

p value
0.347
0.008
0.035

Dependent variable: Friesinger index (0: FI 0–4; 1: FI 10–15). Independent
variables: age and glucose (continuous variables) and serum alpha-tocopherol levels (categorical variable) (0: <12 μmol/L; 1:>12 μmol/L). OR,
odds ratio; CI, conﬁdence interval.

circulating lipids. Tocopherols are transported in LDL
particles to peripheral tissues. Elevated LDL levels are associated with an increase in the levels of these antioxidants

[39, 40], thereby potentially explaining why levels of alphatocopherol were higher in the FI 5–9 and FI 10–15 groups. In
addition, these data were also conﬁrmed by multivariate
regression analysis.
In addition, alpha-tocopherol transfer protein (α-TTP)
is required for traﬃcking to allow the liver to export alphatocopherol to the plasma. Oxidative stress may upregulate
α-TTP transcription [40]. Our ﬁndings are consistent with a
report [40] regarding increased transport of alphatocopherol from the liver to the plasma in response to
oxidative stress via α-TTP upregulation.
The inconsistent ﬁndings regarding serum tocopherol
levels and CVD may reﬂect a paradoxical eﬀect of tocopherol on oxidation. Alpha-tocopherol has neutral, anti-,
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or even prooxidant activity under various conditions
[41, 42].
Although there are no studies on the relationship between retinol levels with FI, low plasma retinol was found in
individuals with atherosclerosis. In addition, the unstable
atherosclerotic plaque is also characterized by low retinol
content [7, 15, 43]. Our results corroborate these ﬁndings;
however, we do not ﬁnd statistically signiﬁcant diﬀerence in
the mean serum retinol levels among FI groups.
Our study has some limitations of note. The diet of CAD
patients and oxidized LDL levels were not analyzed, and the
study involved a small cohort. Although the cohort size was
large enough to permit statistical analysis of the association
between vitamins and the extent of coronary lesions, future
studies with larger cohorts with a greater number of individuals in each FI group are required to improve the
statistical power and validity of our results.

5. Conclusion
Although a low level of alpha-tocopherol together with the
presence of dyslipidemia is probably associated with an
initially higher CAD risk, this hypothesis is more speculative, as there is no group of age-matched subjects without
CAD for comparison. In addition, the increased levels of
alpha-tocopherol in patients with more extensive coronary
artery lesions may reﬂect changes in vitamin E metabolism
in situations involving greater oxidative stress. Circulating
alpha-tocopherol alone does not protect against CAD
pathogenesis. Further prospective studies are required for
validation and to determine whether monitoring of alphatocopherol levels would be valuable for the assessment of the
risk of CVD.

Data Availability

5

[3]

[4]
[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

The data used to support the ﬁndings of this study are included within the article.

Conflicts of Interest

[14]

The authors declare that there are no conﬂicts of interest.

Acknowledgments
This study was supported by FAPERN (no. 005/2011), CNPq
(no. 483031/2013-5) and CAPES, Brazil. CTOF, VHRD,
JNGA, and MSMC are recipients of a fellowship from
CAPES, Brazil. MHH and RDCH are recipients of fellowships from CNPq, Brazil.

References
[1] E. D. Grober and J. M. A. Bohnen, “Global, regional, and
national age–sex speciﬁc all-cause and cause-speciﬁc mortality for 240 causes of death, 1990–2013: a systematic analysis
for the global burden of disease study 2013,” The Lancet,
vol. 385, no. 9963, pp. 117–171, 2015.
[2] M. Rosen, P. Chan, M. Saleem et al., “Longitudinal associations between 4-hydroxynonenal and depression in coronary

[15]

[16]

[17]

[18]

artery disease patients,” Psychiatry Research, vol. 270,
pp. 219–224, 2018.
L. Zhang, Y. Zhang, Y. Zhao et al., “Circulating miRNAs as
biomarkers for early diagnosis of coronary artery disease,”
Expert Opinion on Therapeutic Patents, vol. 28, no. 8,
pp. 591–601, 2018.
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