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Lipid profile, apolipoprotein 
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ABSTRACT
Objective: To evaluate whether lipid profile (LP), apolipoprotein A-1 (apo A-I) and malondial-
dehyde (MDA) have any relationship with physical exercise by comparing the groups of foot-
ballers (FG) with sedentary individuals (CG) and their relatives (RFG and RCG). Subjects and 
methods: Twenty individuals from FG and CG, 60 from RFG, and 57 from RCG were studied. 
Results: FG showed lower levels of total cholesterol (119.5 ± 37.9 mg/dL), LDL-cholesterol frac-
tion (53.6 ± 30.3), apo A-I (116.7 ± 11.9), and higher level of HDL-cholesterol fraction (HDLc) (49.7 
± 8.5) compared to RFG (148.3 ± 36.9, P = 0.02; 82.4 ± 37.7, P < 0.01; 124.6 ± 10.2, P = 0.03; and 
42.7 ± 7.7, P < 0.01; respectively). Moreover, FG had reduced levels of MDA (101.0 ± 77.0 ng/mL) 
compared to CG (290.0 ± 341.0, P = 0.03) and RFG (209.9 ± 197.5, P = 0.04). Conclusions: These 
results suggest an association between physical exercise and lower levels of MDA in FG. Phy-
sical activity seems to promote beneficial effects on the LP regardless of the genetic influence 
considering HDLc levels. Arq Bras Endocrinol Metab. 2011;55(2):121-6
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RESUMO
Objetivo: Avaliar se perfil lipídico (PL), apolipoproteína A-1 (apo A-I) e malondialdeído (MDA) 
têm relação com atividade física comparando os grupos: jogadores de futebol (FG) com indi-
víduos sedentários (CG) e seus familiares. Sujeitos e métodos: Foram avaliados 20 indivíduos 
de FG e CG, além de 60 familiares de FG (RFG) e 57 de CG (RCG). Resultados: FG mostrou 
menores níveis (média ± DP [mg/dL]) de colesterol total (119.5 ± 37.9), LDL colesterol (53.6 ± 
30.3), e apo A-I (116.7 ± 11.9), e maiores níveis de HDL colesterol (HDLc) (49.7 ± 8.5) comparado 
ao RFG (148.3 ± 36.9, P = 0.02; 82.4 ± 37.7, P < 0.01; 124.6 ± 10.2, P = 0.03; e 42.7 ± 7.7, P < 0.01; 
respectivamente). Além disso, o FG mostrou níveis reduzidos de MDA (101.0 ± 77.0 [ng/mL]) 
comparado a CG (290.0 ± 341.0, P = 0.03) e RFG (209.9 ± 197.5, P = 0.04). Conclusões: Esses re-
sultados sugerem que existe uma associação entre atividade física e níveis reduzidos de MDA 
em FG. O exercício físico parece promover efeitos benéficos no PL independente da influência 
genética considerando os níveis de HDLc. Arq Bras Endocrinol Metab. 2011;55(2):121-6
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InTRODUCTIOn

Over the last three decades numerous studies have 
been conducted in relation to lipoprotein plasma 

levels and physical exercise in the prevention of onset of 
cardiovascular diseases (1,2). Although regular exercise 

is known to decrease the risk of cardiovascular disease, 
studies suggest that exercise has little effect on total cho-
lesterol (TC) and low density lipoprotein cholesterol 
fraction (LDLc), and only a minimal beneficial effect on 
high density lipoprotein cholesterol fraction (HDLc) (3-5), 
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with opinions regarding the most effective type and the 
intensity of exercises remaining controversial (6). A bet-
ter understanding of the mechanism of action of physi-
cal exercise on lipid profile is still needed (7-10). 

Oxidative stress involves the production of reactive 
oxygen species (ROS) to an extent that overwhelms the 
antioxidant defense system (11). Although moderate 
exercise is associated with health benefits, high intensity 
aerobic physical exercises showed increases in the pro-
duction of free radicals and oxidative stress. Increased 
production of ROS during strenuous physical exercise 
seems to contribute to tissue and cell damage including 
oxidative modification of the deoxyribonucleic acid 
(DNA) (12), thereby prejudicing athlete performance 
(13). In this context, the oxygenated compounds produ-
ced during free radical attack to membrane lipoproteins 
and polyunsaturated fatty acids, particularly to aldehydes 
such as malondialdehyde (MDA) and conjugated dienes, 
can be considered a marker of oxidative stress (14).

Although a growing number of studies confirm the 
benefits of physical activity, there is no consensus re-
garding which is the best type or intensity of exercise 
that should be practiced. In fact, results are controver-
sial and in some populations, including Brazilian series, 
studies are scarce or non-existent. Therefore, it is im-
portant to identify factors that associated to physical 
exercise may influence the blood chemistry profile thus 
characterizing subgroups of individuals with respective 
risk factors. Hence, this study aimed at evaluating if the 
lipid profile, apolipoprotein A-I (apo A-I), and oxida-
tive stress have any association with physical activity by 
comparing professional footballers to sedentary indivi-
duals and their respective relatives.

MATERIAlS AnD METhODS

Subjects

A total of 157 individuals with mixed ethnic backgroun-
ds from southeastern Brazil who presented with genetic 
influence in equilibrium (15) were allocated into four 
groups in a transversal analytic study: Study Group 
(FG) − 20 male professional footballers of the América 
Futebol Clube team from the city of São José do Rio 
Preto (a top division team) aged 17-20 years, participa-
ting in an endurance exercise training for an imminent 
competition; Control Group (CG) – 20 male controls 
chosen from the general population, aged 17-20 years, 
who did not perform regular physical exercises on a 
daily basis (exercising three or more times a week) and 

without any other lipid metabolic disorder; Relatives 
of the Study Group (RFG) − 60 first-degree relatives 
(parents, brothers, and sisters) of the footballers, aged 
12-67 years, and Relatives of the Control Group (RCG) 
− 57 first-degree relatives of the CG, aged 11-90 ye-
ars. Smokers, alcoholics, individuals with liver, renal or 
thyroid diseases, hypertension, diabetes mellitus, family 
dyslipidemia, and individuals who had been using lipid-
-lowering drugs during the prior six months, at least, 
were precluded. Women were included only in the RFG 
and RCG groups, after comparison of age between the 
groups and aiming to prevent hormonal influence on 
the analysis of lipid profile. This study was approved by 
the Research Ethics Committee of Faculdade de Medi-
cina de São José do Rio Preto, SP, Brazil (protocol num-
ber 4864/2003). Furthermore, every participant signed 
an informative form thereby indicating their consent.

Exercise training and dietary consideration 

The study group included professional footballers, 
comprising of goalkeepers, defenders, and midfielders. 
They practiced daily aerobic and anaerobic exercising, 
twice a day (considering a total period of 6h daily), for 
a period of six weeks, and were selected during an in-
tensive physical exercise program with the objective of 
improving their fitness for the Paulista Championship 
of 2004. Carbohydrate-rich diets were supplied to the 
athletes (five meals a day), considering a higher energy 
expenditure during this pre-competition period. 

Blood chemistry measurements

The individuals were referred for peripheral blood sam-
pling to assess the levels of TC, HDLc, triglycerides 
(TG), apo A-I, glycemia, and MDA. Serum concentra-
tions of TG and TC were defined by enzymatic colo-
rimetric methods (16,17). HDLc was determined by 
precipitation with dextran-magnesium chloride. LDLc 
and very low-density lipoprotein cholesterol fraction 
(VLDLc) were calculated by the Friedewald formula 
for TG levels below 400 mg/dL (18). Reference values 
were those recommended by the III Brazilian Guideli-
nes on Dyslipidemias and Guidelines on Atherosclerosis 
Prevention from the Atherosclerosis Department of the 
Brazilian Cardiology Association (19). Plasma glycemia 
levels were achieved using the enzymatic method with 
oxidase glucose. The reference value for glycemia was 
60 to 99 mg/dL according to the Expert Committee 
on the Diagnosis and Classification of Diabetes Mellitus 
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(20). The technique used to analyze MDA was based 
on the thiobarbituric acid (TBA) reaction in low pH 
and high temperature (21), considering normal levels 
for serum and plasma values from zero to 440 ng/mL. 
Measurement of Apo A-I was carried out using the im-
munoturbidimetry method (22), considering reference 
values of 94-178 mg/dL in men and of 101-199 mg/dL 
in women. Height and weight were measured using 
an anthropometric scale and the values obtained were 
used to calculate body mass index (BMI) by using the 
formula BMI = weight (kg)/height2 (m2) (23).

Statistical analysis

Lipid profile, apo A-I and MDA values were compared 
between the footballer and control groups, footballers 
and their first-degree relatives, controls and their re-
latives, and the relatives of footballers with the relati-
ves of the controls using the two-sample student t-test 
and the matched t-test in respect to age with a 95% 
confidence interval. The frequencies of individuals with 
altered levels of lipid profile, apo A-I, and MDA were 
compared among the groups by applying the Fisher 
exact test and demographic data were compared by the 
Chi-square test. Pearson’s Correlation was calculated 
for the variables: LDLc, HDLc, VLDLc, TC, glycemia, 
apo A-I, MDA, and BMI. Multivariate logistic regres-
sion analysis was performed for oxidative stress (MDA) 
as the dependent variable and blood chemistry profile, 
age, sedentary life style, and smoking as independent 
variables. Significance was defined as P < 0.05.

RESUlTS

Demographic data such as weight and BMI, respecti-
vely, did not differ between FG (70.2 ± 8.0 and 22.4 ± 
1.4) and CG (74.0 ± 12.9 and 24.0 ± 3.5), nor betwe-
en RFG (68.9 ± 17.4 and 24.7 ± 4.9) and RCG (68.8 
± 16.2 kg and 24.8 ± 4.7 kg/m2). Table 1 demonstra-
tes the mean values for lipid profile, apo A-I, MDA, 
and glycemia in FG, controls, and their respective first-
-degree relatives. In every group the mean values were 
within reference range for all variables except for the 
level of TG in footballers, whose mean value showed 
increases according to age distribution (147.0 ± 134.0 
mg/dL); however, without statistical significance when 
compared to CG with a mean value within the referen-
ce range (92.8 ± 64.1 mg/dL, p = 0.12). 

RFG presented with mean TC and LDLc levels sig-
nificantly higher (148.3 ± 36.9 mg/dL and 82.4 ± 37.7 

mg/dL, respectively) compared to FG (119.5 ± 37.9 
mg/dL, p = 0.02 and 53.6 ± 30.3 mg/dL, p < 0.01; 
respectively). However, the values of both groups were 
within reference ranges. On the other hand, FG pre-
sented with significantly higher levels of HDLc (49.7 
± 8.5 mg/dL) when compared to their relatives (42.7 
± 7.7 mg/dL, p < 0.01). The analysis between FG 
and sedentary life style individuals from RFG reinfor-
ces the dominant influence of exercise activity on the 
blood chemistry profile of our sample, since it confir-
ms the evidenced differences. Among RCG, significan-
tly higher levels of TG (126.3 ± 44.7 mg/dL) were 
observed compared to the CG (92.8 ± 64.1 mg/dL; 
p = 0.04), nevertheless the mean values of both groups 
were within reference range. A comparative analysis 
also showed significantly higher LDLc levels in the 
RFG (82.4 ± 37.7 mg/dL) compared to RCG (61.2 
± 23.0 mg/dL, p < 0.01) although both mean values 
were within reference range. 

The mean levels of apo A-I, MDA and glycemia were 
also within the desired range in all of the groups. Ho-
wever, FG had a significantly lower mean value for apo 
A-I (116.7 ± 11.9 mg/dL) compared to RFG (124.6 
± 10.2 mg/dL, p = 0.03). Additionally, they presented 
with a significantly lower mean value for MDA (101.0 
± 77.0 ng/mL) compared to their relatives (209.9 ± 
197.5 ng/mL, p-value = 0.04) and to CG (290.0 ± 
341.0 ng/mL; p = 0.03). Nevertheless, FG had higher 
glycemia levels (90.2 ± 12.2 mg/dL) compared to CG 
(74.1 ± 14.7 mg/dL, p < 0.01). 

The frequency of individuals with altered values for 
lipid profile, glycemia, apo A-I, and MDA are shown 
in table 2. Similarity between the groups except for 
the significantly higher frequency of reduced levels for 
HDLc in RFG (48.3%) compared to FG themselves 
(15%, p < 0.01) was noted. Also noted was a signifi-
cantly higher frequency in the altered levels of TC and 
LDLc in RFG (20% for both) compared to the RCG 
(5.3%, p = 0.03 and 3.5%, p < 0.01; respectively). On 
the other hand, altered levels of VLDLc and TG were 
more frequently observed in RCG (29.8% and 31.6%, 
respectively) compared to RFG (13.3%, p = 0.04 and 
15.0%, p = 0.05; respectively). Higher glycemia levels 
were observed in 25% of FG.

Multivariate logistic regression analysis considering 
MDA as a dependent variable and the parameters as in-
dependent variables demonstrated statistical significance 
for obesity (p = 0.04) and sedentary life style (p = 0.02) 
associated with levels of MDA (Table 3). Calculations 
produced the logit formula y = -1.946927 -0.059562 
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Table 1. Distribution of blood chemistry profile in professional footballers (FG), controls (CG), and their respective first-degree relatives (RFG and RCG)
Blood chemistry  
Profile

FG
(n = 20)

CG
(n = 20)

RFG
(n = 60)

RCG
(n = 57)

P-value
FG x CG

P-value
FG x RFG

P-value
CG x RCG

P-value
RFG x RCG

TC (mg/dL) 119.5 ± 37.9 129.7 ± 44.5 148.3 ± 36.9 132.2 ± 24.3 0.44 0.02 0.81 0.08

HDLc (mg/dL) 49.7 ± 8.5 46.3 ± 14.4 42.7 ± 7.7 46.9 ± 10.0 0.37 < 0.01 0.87 0.09

LDLc (mg/dL) 53.6 ± 30.3 65.0 ± 31.9 82.4 ± 37.7 61.2 ± 23.0 0.26 < 0.01 0.61 < 0.01

VLDLc (mg/dL) 21.8 ± 18.3 18.5 ± 12.8 21.2 ± 9.2 24.0 ± 9.0 0.45 0.84 0.07 0.10

TG (mg/dL) 147.0 ± 134.0 92.8 ± 64.1 102.5 ± 45.5 126.3 ± 44.7 0.12 0.18 0.04 0.05

Apo A-I (mg/dL) 116.7 ± 11.9 123.0 ± 21.9 124.6 ± 10.2 125.2 ± 12.9 0.27 0.03 0.64 0.94

MDA (ng/mL) 101.0 ± 77.0 290.0 ± 341.0 209.9 ± 197.5 298.7 ± 211.4 0.03 0.04 0.90 0.04

Glycemia (mg/dL) 90.2 ± 12.2 74.1 ± 14.7 79.7 ± 34.4 83.1 ± 35.4 <0.01 0.21 0.26 0.70

N: number of individuals; TC: total cholesterol; HDLc: high-density lipoprotein cholesterol fraction; LDLc: low-density lipoprotein cholesterol fraction; VLDLc: very low-density lipoprotein cholesterol 
fraction; TG: triglycerides; apo A-I: apolipoprotein A-I; MDA: malondialdehyde. 
P-value in reference to t-test.

Table 2. Professional footballers (FG), controls (CG), and their respective first-degree relatives (RFG and RCG), considering demographic data and altered 
blood chemistry profile 

Variables
FG CG RFG RCG P-value

FG x CG
P-value

FG x RFG
P-value

CG x RCG
P-value

RFG x RCGn % n % n % n %

Obesity 0 0 2 10.0 8 13.3 10 17.5 0.47 0.20 0.66 0.71

Smoking 0 0 2 10.0 13 21.7 4 0.7 0.47 0.05 0.67 0.05

Sedentary life style 0 0 20 100.0 36 60.0 38 66.7 < 0.01 < 0.01 < 0.01 0.58

TC 2 10.0 3 15.0 12 20.0 3 5.3 1.00 0.18 0.50 0.03

HDLc 3 15.0 5 25.0 29 48.3 18 31.6 0.69 < 0.01 0.78 0.09

LDLc 2 10.0 2 10.0 12 20.0 2 3.5 1.00 0.28 0.50 < 0.01

VLDLc 2 10.0 2 10.0 8 13.3 17 29.8 1.00 0.08 1.00 0.04

TG 5 25.0 3 15.0 9 15.0 18 31.6 0.69 0.24 0.32 0.05

Apo A-I 0 0 1 5.0 3 5.0 4 7.0 1.00 1.00 0.57 0.71

MDA 0 0 6 30.0 11 18.3 22 38.6 0.02 0.59 0.06 0.02

Glycemia 5 25.0 1 5.0 4 6.6 8 14.0 0.18 0.26 0.04 0.23

N: number of individuals; TC: total cholesterol; HDLc: high-density lipoprotein cholesterol fraction; LDLc: low-density lipoprotein cholesterol fraction; VLDLc: very low-density lipoprotein cholesterol 
fraction; TG: triglycerides; apo A-I: apolipoprotein A-I; MDA: malondialdehyde. 
P-value in reference to Chi-square test for demographic data or P-value in reference to Fisher exact test for altered levels of blood chemistry profile. 

Table 3. Multivariate logistic regression analyses, considering 
malondialdehyde (MDA) as an independent variable and other parameters 
as dependent variables
Intercept b0 = -1.946927 p < 0.01

 Age b1 = -0.059562 p = 0.90

TC b2 = -1.562404 p = 0.26

LDLc b3 = -1.139409 p = 0.44

HDLc b4 = 0.263374 p = 0.54

VLDLc b5 = 14.430107 p = 0.99

TG b6 = -14.096693 p = 0.99

Glycemia b7 = 0.244552 p = 0.63

Apo-AI b8 = 0.708706 p = 0.40

Obesity b9 = 1.231918 p = 0.04

Smoking b10 = -0.044557 p = 0.95

Sedentary life style b11 = 1.06352 p = 0.02

B: logit; TC: total cholesterol; LDLc: low density lipoprotein cholesterol fraction; HDLc: high 
density lipoprotein cholesterol fraction; VLDLc: very low density lipoprotein cholesterol fraction; 
TG: triglycerides; Apo A-I: apolipoprotein A-I.

smoking + 1.06352 sedentary life style, in which logit = 
logit 0 utilized in the estimation of individual risk for in-
creases in MDA levels associated to obesity and sedenta-
ry life style. As only obesity and sedentary life style were 
statistically significant the logit formula y = 1.946927 
+ 1.064207 obesity + 1.02999 sedentary life style was 
indicated to calculate the risk. Smoking, an important 
risk factor for oxidative stress and lipid profile, did not 
influence blood chemistry profile in our sample.

DISCUSSIOn

Our study indicates that professional footballers and 
controls do not differ in their lipid profiles as reported 
by Petridou and cols. (24) considering individuals with 
similar body fat. The data also show lower levels of TC, 
LDLc, and apo A-I and higher levels of HDLc in ath-
letes compared to their relatives. However, considering 
apo A-I values the influence of physical activity remains 
controversial (4,25) depending on type and intensity of 

age +1.562404 TC -1.139409 LDL + 0.263374 HDL 
+ 14.430107 VLDL -14.096693 TG +0.244552 glyce-
mia + 0.708706 Apo A-I + 1.231918 obesity – 0.044557 
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exercising with differences seen between men and wo-
men. In addition, the analysis for HDLc proposed by Ja-
fari and cols. (26) and Ribeiro and cols. (27) considering 
the role of HDL subparticle species (as prebeta 1-HDL) 
in reverse cholesterol transport could be useful to de-
monstrate the effects on HDLc metabolism as it pertains 
to coronary artery disease risk reduction, data not availa-
ble from the current study. However, the reduced levels 
of HDLc observed particularly in RFG (48%), compared 
to 15% of FG, highlight the effect of physical activity on 
HDLc levels. The higher HDLc levels in FG compared 
to the other two groups, with a significant difference in 
respect to their relatives (of which 60.0% were sedenta-
ry), reinforce this hypothesis (28). In this view, regu-
lar intensive physical exercise had widespread beneficial 
effects on baseline lipid levels in spite of genetic influence 
(29), confirming that heritable factors partly determine 
lipid profile responses to regular exercise (30). 

In our series, as suggested by some studies, physical 
exercise had little influence on TC and LDLc levels (3-
5), considering that the values in FG and CG were simi-
lar. In addition, footballers, controls, and their respecti-
ve first-degree relatives presented with mean values for 
lipid profile within the reference range except for TG, 
whose mean level in FG was greater than the referen-
ce range. Footballers had been training intensively six 
hours a day for a period of six weeks with the objective 
of improving their fitness for an imminent competition. 
For this reason, they were on a carbohydrate-rich diet 
of five meals per day aiming to supply substrate for the 
higher energy expenditure during the pre-competition 
period. Among athletes, the intake of a carbohydrate-
-rich diet is common to sustain prolonged periods of 
exercising without the onset of fatigue (31,32). This 
practice may increase plasma TG levels (33,34) and re-
duce the efficiency of its removal (35). The fact that 
carbohydrate-rich diets often increase plasma TG has 
led some to question the wisdom of such diets as the 
hypertriglyceridemia is considered an independent risk 
factor for coronary artery disease (36). 

In this study, 25% of the footballers had higher TG 
levels. This result is in agreement with the study of Leon 
and Sanchez (3), who associated a high level of TG with 
intense physical activity in basketball players, swimmers, 
and long-distance runners, compared to sedentary indi-
viduals. These authors concluded that increased levels of 
lipids are directly related to the intensity and duration 
of physical activity and acute exercises may induce chan-
ge in lipid parameters, enhancing the chronic effects of 
physical exercise. On the other hand, Hernández-Torres 
and cols. (10) showed that TG was not modified by any 

kind of exercise in contrast with TC and cholesterol frac-
tions. In this case, they concluded that lipid profile could 
be changed if the exercise was practiced continuously 
or intermittently, considering the influence of aerobic 
fitness. In addition, in the current study, FG presented 
with a mean level of glycemia within reference range as 
in the other groups, however, with a higher value. Five 
of them (25%) had glycemia levels higher than the limit 
value, ranging from 100.0 to 104.0 mg/dL. 

It is important to note that several investigators have 
demonstrated that high-carbohydrate diets are associated 
with the development of insulin resistance, and increased 
serum TG and insulin levels (34,37). It is well known that 
increases in intracellular deposits of TG in the muscle, li-
ver, and pancreas, predisposes individuals to diabetes as it 
acts on glucose mechanism, interfering in the release of 
insulin (38). Physical activity has many well-established 
health benefits (1), but intensive exercises increase mus-
cle oxygen influx and can lead to increased oxidative in-
jury (13). Increased lipid peroxidation is thought to be 
a consequence of oxidative stress which occurs when the 
dynamic balance between the prooxidant and antioxidant 
mechanisms is impaired (11,39). In the current study, 
oxidative stress was evaluated by serum analysis of MDA 
(14), a lipid peroxidation product, for which mean values 
for all groups were within the desired range, although 
with great variations mainly in CG and relatives of both 
groups. In general, there is evidence that acute and stre-
nuous exercise may increase lipid peroxidation, but regu-
lar physical training may also increase the power of antio-
xidants (40). In our series, all the footballers presented 
with reference levels with a lower mean in relation to the 
other groups. This may be due to the aggravated antioxi-
dant capacity, which should be further investigated.

Moreover, this study showed there was a strong as-
sociation between higher MDA concentrations, obesi-
ty, and sedentary life style, as confirmed by multivariate 
logistic regression analysis. Thus, all CG, 90.9% of RFG 
and 63.6% of RCG who presented increased MDA le-
vels were also sedentary (data not shown). This fact 
reinforces the controversy about the real association 
between physical exercise and oxidative stress (12). In 
this context, Ji (13) suggests that intensive and curren-
tly aerobic physical exercising can stimulate the synthe-
sis of free radicals and consequently lesions of the mus-
cle fibers of athletes, fatigue, alterations in the immune 
system, and reductions in physical performance. On the 
other hand, Watson and cols. (40) report that this da-
mage may be prevented by optimizing nutrient intake, 
particularly by dietetic supplementation considering 

Blood chemistry profile in football players
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antioxidants agents such as vitamins (beta carotene, to-
copherol, and ascorbic acid) and minerals (zinc).

In summary, these results suggest there is an asso-
ciation between endurance exercise training and lower 
levels of MDA in professional footballers, although wi-
thout influence on lipid profile compared to controls. 
Moreover, physical activity seems to promote benefi-
cial effects on lipid profile in spite of genetic influence, 
principally in respect to HDLc levels. 

Disclosure: no potential conflict of interest relevant to this article 
was reported. 
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