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Abstract
Background: ApoB and apoA-I are two major apolipoproteins, which are involved in lipid transport and in the processes causing
atherosclerosis. Accordingly, it is suggested that these parameters might be better than conventional lipids to prediction of cardiovascular disease (CVDs).
Objectives: This study aimed to determine whether in overweight females, the percentage changes of apolipoprotein B (apoB),
apolipoprotein A-I (apoA-I), and apoB/apoA-I ratio (aporatio) were as much as the percentage changes in conventional lipids following 8 weeks of two types of exercise protocols, which was carried out from January 2014 to March 2014 in Abadan.
Methods: Thirty-six overweight females (aged 46 ± 5.45 years; height: 161 ± 0.48 cm; weight: 66.67 ± 5.1 kg) participant in this
study and were allocated the one of the following groups, resistance group (RG, n = 12), endurance group (EG, n = 12), and control
group (CG, n = 12). Prior to the start of the intervention, anthropometric measurements, body composition and blood pressure
were measured in all subjects. Training groups completed an eight-week exercise program on three non-consecutive days per week.
Plasma low-density lipoprotein (LDL), high-density lipoprotein (HDL), apoA-I, apoB, total cholesterol (TC), and triglyceride (TG) levels
were measured in three groups, pre-training and post-training.
Results: In response to the two types of protocols, SG and EG showed an increase in the mean HDL level compared to the CG (P <
0.05). ApoB and apoA-I were statistically lower and higher in the training groups when compared with the control, respectively
(P < 0.05). Aporatio was also significantly lower in training groups compared to the control (P < 0.05). There were no significant
differences between groups for other factors.
Conclusions: According to the results of the present study, apos and the aporatio are at least as good as lipids and lipid ratios. Thus,
apos and the apo-ratio are suitable if they are considered as predictors of CVDs.
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1. Background
According to the world health organization, the death
rate related to cardiovascular disease (CVDs) is expected
to increase by 15% globally between 2010 and 2020. Most
CVDs are strongly associated with particular behavior and
metabolic risk factors, including tobacco use, physical
inactivity, unhealthy diet, harmful use of alcohol, overweightness/obesity, raised blood glucose, and cholesterol
(1). However, it has been demonstrated that the major
CVDs typically occur in obese adults, especially females
(WHO). Females, due to relatively less muscle mass and
more body fat, are more likely to underestimate the impact
of CVDs than males (2). Several studies have documented
that serum lipids and lipoproteins are important indicators of CVDs development in adults (3, 4). For instance, elevated levels of low-density lipoprotein-cholesterol (LDLC), total cholesterol (TC), triglyceride (TG), and decreased
levels of high-density lipoprotein-cholesterol (HDL-C) have

predictive potential (5). Furthermore, other findings have
demonstrated that TC/HDL-C and LDL-C/HDL-C ratios are
other markers for CVDs (6). Recently, apolipoproteins, for
example apoB, apoA-I, and especially the relationship between them (apo-ratio), have been identified as other important markers for CVDs, which is deemed at least to be
more predictive (7).
ApoA-I is the major protein in HDL-C. Cholesterol
within cells of the peripheral tissues through the apoA-I
and eventually HDL-C is transported from blood to the liver
(8). Thereby, apoA-I represents reverse cholesterol transport (RCT) and is considered as an anti-atherogenic particle. Furthermore, ApoA-I is involved in anti-inflammation,
anti-oxidation, producing vasodilation, anti-infectious activity, and anti-thrombotic functions (9). Thus, by measuring apoA-I, firstly, HDL-C number could be identified, and
secondly additional protective effects mentioned above
could be achieved (10, 11).
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Moreover, apoB, a critical protein component of LDLC, is responsible for transport of lipids from the liver and
gut to peripheral tissues (9). Therefore, the total apoB level
corresponds to the total number of atherogenic particles
(9). Accordingly, many studies and clinical trials have been
published showing that the apo-ratio is a better CVD risk
factor due to the interrelation of these proteins with LDL
and HDL, respectively (12).
There is also evidence suggesting that regular exercise training is an effective method to decrease and increase cardiovascular risk factors and anti-risk factors, respectively (13, 14). Chapman et al. reported that for every 1 mg/dL increase in HDL-C, the risk for CADs is reduced
by 2% to 3%, and the risk of death is lowered by 6% (15).
However, there are controversial reports on lipid profiles
of overweight females and exercise training, which might
be due to differences between type, intensity, and volume
of exercise responsible for these results (16). Therefore, the
purpose of this study was to compare the effect of two exercise protocols on well-established cardiovascular risk and
anti-risk factors in overweight females.
2. Objectives
This study aimed to determine whether in overweight
females, changes of apoB, apoA-I, and apo-ratio were as
much as changes in conventional lipids following 8 weeks
of two types of exercise protocols, which was carried out
from January 2014 to March 2014 in Abadan.
3. Methods
This study was approved by the regional scientific
ethics committee, department of physical education and
sport sciences of Islamic Azad University, Abadan branch.
Of the overweight females, who had obtained gym membership for the first time, thirty-six overweight females
(age: 46 ± 5.45 years; height: 161 ± 0.48 cm; weight: 66.67
± 5.1 kg) were ultimately selected for the study. The sample size was calculated according to the study of Whitley
and Ball (2002), which determined that a sample of n = 10
subjects for each group would provide a statistical power
of over 0.80 (17). One week prior to the initiation of the
study, all participants completed a medical questionnaire
to evaluate their individual lifestyles and habits, for example history of health status, physical activity, smoking
habits, and diet. The inclusion criteria for this study were
as follows: untrained (lack of regular physical activity during the previous 6 months), normotensive, non-smoker,
and body mass index (BMI) between 25 and 30 (kg/m2 ).
The exclusion criteria were: BMI > 30 kg/m2 , taking medication affecting lipid metabolism, absence of more than
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two consecutive sessions of aerobic exercises throughout
the study, evidence of liver, renal, cardiopulmonary, neuromuscular and/or psychological disease, and any debilitating diseases that restrictive physical activity (14). All patients provided their written consent. Participants were
randomly divided to three experimental groups including resistance exercise training (RG, n = 12), endurance exercise training (EG, n = 12) and a control group (CG, n =
12). The training groups initiated their specific physical activity (resistance or endurance) for eight weeks. Controls
were asked not to change their normal habits. They were
also asked not to participate in any exercise throughout
the control period except light activities (e.g., walking for
commuting).
3.1. Experimental Design
Endurance training: Each training session consisted of
a brief warm-up (10 - 15 minutes), followed by the main exercises. Aerobic training was performed for three alternate
days in a week at 60% - 75% of maximum heart rate (HR) for
8 weeks. Heart rate, systolic and diastolic blood pressure
were recorded before and after the exercise in the sitting
position. After the training session, cool down was also performed for 5 to 10 minutes. Maximum heart rate was calculated using the following formula (ACSM 2006): HRmax =
220-age.
Resistance training: Resistance training program was
also performed for three sessions a week over a period of
8 weeks. Subjects performed resistance training with four
sets of 8 to 12 repetitions at 10-RM with one-minute rest for
each set. Eight different types of exercises were conducted
involving abdominal curl ups, biceps curls, triceps extension, back extension, leg press, leg curl, leg extension and
bench press.
3.2. Blood Samples and Analysis
Fasting venous blood samples were collected from all
patients in two phases before and after the 8 weeks of the
study period. Therefore, participants fasted from 10:00
pm, the evening before the blood sampling days (only water was allowed). The blood samples, which were collected
from each patient, were centrifuged for 10 minutes and
plasma was stored at -20°C for later analysis. Amount of
blood was about 5 mL from the anterior vein of the participants’ left arm. Low density lipoprotein-cholesterol, HDLC, TG, and TC were measured by enzymatic colorimetric
kits (Pars azmoon LTD, Iran), and apoA-1 and apoB by immunoturbidimetric methods (biorexfars LTD, Iran).
3.3. Statistical Analysis
In this study, three groups were involved and
tested twice. Normality of the data was checked by
Jentashapir J Health Res. 2016; 7(6):e36154.
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4. Results
During the 8-week intervention, all subjects participated in the full range of the supervised endurance and
resistance exercise sessions and were included in the analyses. The physical characteristics of the RG, EG, and CG
groups before and after the 8-week period are presented in
Table 1.
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for windows (release 22 Chicago, IL, USA).
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4.1. Anthropometry and Blood Pressure
After the 8-week training programs, body fat percentage significantly decreased in RG compared to the EG and
control groups (P < 0.05; Table 1). Furthermore, significant
changes were found in BMI of EG and RG groups (Table 1).
No significant changes were found for systolic blood pressure and diastolic blood pressure between the groups (Table 1).
4.2. Lipid and Lipoproteins Status
The percentage change in HDL and LDL across all three
training groups following 8 weeks of exercise is indicated
in Figure 1. The LDL levels remained unaltered after the 8week training period within all training groups (in %; RG:
-8.46% ± 23.21; EG: -8.41% ± 21.88; CG: -4.66% ± 11.97). However, Participation in these two types of exercise training
groups caused an increase in the mean HDL levels in both
training groups when compared to the control group (in %;
RG: 10.44% ± 10.24; EG: 11.44% ± 13.74; CG: -3.55% ± 15.08).
The percentage change of apoA-I levels (in %; RG: 4.32%
± 2.26; EG: 2.81% ± 2.37; CG: 0.21% ± 0.77) and apoB levels
(in %; RG: -10.13% ± 2. 65; EG: -7.36% ± 3.90; CG: 0.61% ±
1. 36) indicated increases following the 8-week endurance
and resistance training in both training groups compared
to the control group (Figure 2). On the other hand, a significant increase in apoA-I levels and decrease in apoB levels
from baseline was observed in the RG and EG groups compared to CG after 8 weeks (P > 0.05).
Jentashapir J Health Res. 2016; 7(6):e36154.
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Figure 1. Percentage Change in High-Density Lipoprotein and Low-Density Lipoprotein Levels Among the Three Experimental Groups

Apo-ratio was significantly lower in the training
groups compared to the controls after 8 weeks (in %; RG:
-13.82% = ± 3.22; EG: -9.84% ± 4.55: CG: 0.4% ± 1.51). Furthermore, apo-ratio was decreased within RG and EG groups
following participation in 8 weeks of exercise training;
however, apo-ratio was increased within CG.
The percentage change of the other variables is shown
in Table 2. Both training protocols had significant effect on
the mean TC (-14.53% ± 19.81) and TG (-17.49% ± 13.64) levels
of EG following 8 weeks of the exercise training program;
whereas, these variables did not alter significantly in RG
and CG after 8 weeks of exercise training.

5. Discussion
The main findings of the current study were significant
changes in mean HDL, apoA-I, apoB, and apo-ratio levels
with two types of training along with markedly decreased
mean TC and TG levels only in EG after 8 weeks of the intervention. Longitudinal follow-up studies of the patients
with CVDs have demonstrated that there are likely declines
in lipid profiles following training program (18). In the
present study, it was seen that following 8-week exercise
3

Azizi M et al.

Table 1. Participants’ Physical Characteristics Across the Three Groups, Pre- and Post-Interventiona

Variable

Body fat, %

BMI, kg/m2

SBP, mmHg

DBP, mmHg

Group

Pre-Test

Post-Test

CG

32.58 ± 1.31

32.92 ± 1.08

EG

32.75 ± 1.05

32.33 ± 3.57

RG

32.75 ± 1.35

30.83 ± 1.03

CG

25.81 ± 1.44

26.01 ± 1.56

EG

25.48 ± 1.71

24.77 ± 1.33

RG

25.67 ± 1.33

25.21 ± 1.17

CG

121.12 ± 3.29

121.33 ± 2.82

EG

117.52 ± 3.31

118.83 ± 4.38

RG

123.21 ± 2.64

122.27 ± 4.32

CG

77.62 ± 5.14

78 ± 2.06

EG

79.42 ± 3.16

79.73 ± 3.06

RG

81.52 ± 3.06

81.58 ± 3.22

P Valueb

P > 0.05

P > 0.05

P > 0.05

P > 0.05

Abbreviations: BMI = Body Mass Index; DBP = Diastolic Blood Pressure; G = Group; SBP = Systolic Blood Pressure.
a
Value are expressed as means ± SD.
b
P < 0.05 represents a significant difference between groups.

programs, the mean apoA-I levels significantly increased
as well as HDL-C in EG and RG. In addition, apoB and the
apo-ratio had also significant decreased in two experimental groups. These findings were consistent with the studies of Holm et al. (2007) (19), Heitkamp et al. (2008) (20)
and Bijeh et al. (2015). Bijeh et al. reported that 8 weeks of
aerobic training program decreased apoB, apoA-I, and aporation levels in overweight females (21). Holm et al. (2007)
also reported that the levels of apoB and apo-ratio were significantly decreased after training in overweight healthy
males, according to the results of a 1-year Oslo diet and exercise study (19). In contrast to our findings, the study by
Giada et al. (2000) and Von Stengel et al. (2004) did not
show such effects (22, 23).
Reasons for the variable apolipoprotein responses to
aerobic and resistance exercise training may be due to factors such as frequency, intensity, duration of the protocols
and body composition changes of the participants in the
current study. Previous studies have reported that high
intensity exercise training may improve lipoprotein levels
(24).
In the present study, body mass index (BMI) and body
fat percentage were also altered following 8 weeks of both
exercise programs in our experimental groups compared
to CG. The result of our study was consistent with that
of koozehchian et al. (2014), which showed favorable alterations in BMI and body fat percentage levels following
specified periods of exercise training (4). Most researchers
and guidelines have also reported that BMI and body fat
4

percentage are often associated with CVDs and reduction
in their levels may improve lipoprotein profiles (25, 26).
For instance, Holme et al. (19) and Ben Ounis et al. (12) exhibited the same findings.
The results of this study showed that HDL-C levels increased markedly after two type of training programs. In
line with our study, there are some other studies that have
reported a positive correlation between exercise training
and increased apoA-I and HDL-C levels (4, 7).
In a study by Blumenthal et al. (1991), it was reported
that females have lower HDL-C levels at baseline than males
(27), which is partially explained by the significant increase
in HDL-C levels in our overweight females (28). However,
in contrast to our findings, Bijeh et al. did not show such
effects (21).
In contrast to the increase of HDL-C, the mean LDL-C
level was not changed in our groups after 8 weeks of interventions. Since the mean apoB levels deceased significantly, we expected to have LDL-C at lower levels, but this
did not occur. Hence, it seems that apoB is a more sensitive
and useful predictor of risk of CVDs, especially for those
with low values of LDL-C. In a cross sectional study, in a lowrisk Korean population, Kim et al. (2005) reported that in
the lowest quartile of TC, TG and LDL-C, and the highest
quartile of HDL-C, only the apo-ratio was associated with
CAD in both males and females (29). However, in contrast
to this finding, Grandjean et al. (1998) reported a significant increase in apoB concentrations after 12 weeks of exercise training (30). Accordingly, increased levels of HDL-C
Jentashapir J Health Res. 2016; 7(6):e36154.
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Table 2. Mean Values of Cardiovascular Disease Risk and Anti-Risk Factors Among
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Figure 2. Percentage Change in apoA-I, apoB, and apo-ratio Levels Among the Three
Experimental Groups

and apoA-I, and decreased apoB and aporatio in our experimental groups may suggest that the two selected protocols
were sufficient, which could partially reduce the CVDs risk
in these overweight females. However, in the present study,
exercise programs of either resistance or endurance had
no effect on TC levels in our overweight subjects. This outcome is contrary with the results of the study conducted
by Katzmarzyk et al., and Lokey and Tran (31, 32). However,
a significant decrease in TG following 8 weeks of aerobic exercise was exhibited in EG when compared with the other
groups, yet previous studies believed that decreased levels of TG cannot be attributed solely to weight reduction
(33) and there is a mechanism that has induced a reduction in TG concentration, which is not clear yet (34). Thus,
further studies are needed to investigate the effect of exercise on plasma lipids and lipoproteins in overweight females. The present study had several limitations. First,
the researcher had to determine the caloric expenditure
to determine changes in plasma lipid and lipoproteins of
overweight females, which may have affected the results.
Jentashapir J Health Res. 2016; 7(6):e36154.

CG

180 ± 30.13

174.42 ± 22.1

EG

170.5 ± 38.18

146.25 ± 38.2

RG

161.67 ± 20.32

149.91 ± 33.2

CG

149.25 ± 2.51

149.58 ± 2.51

EG

150.21 ± 3.23

154.46 ± 5.32

RG

150.64 ± 3.39

157.14 ± 4.25

CG

79.79 ± 3.39

80.25 ± 2.81

EG

80.87 ± 2.40

74.86 ± 2.77

RG

81.05 ± 2.66

72.81 ± 2.13

CG

0.53 ± 0.02

0.53 ± 0.02

EG

0.53 ± 0.01

0.48±0.02

RG

0.53 ±.02

0.46±00.018

Abbreviations: HDL = High-Density Lipoprotein; LDL = Very Low-Density
Lipoprotein; TC = Total Cholesterol; TG = Triglyceride.
a
Value are expressed as means ± SD.
b
Aporatio = ApoB/ApoA-1.

Secondly, when studying obese individuals, it is important
to consider distinction of obesity. Less visceral abdominal
fat is associated with normal lipid and lipoprotein profile
(35). Thirdly, it is important to ascertain the phases of the
menstrual cycle during testing periods to reduce the influence of hormones on plasma lipid and lipoprotein analysis. Nevertheless, such results suggest that physical activity with proper intensity and time might partially improve
the obesity index along with cardiovascular risk factors.

5.1. Conclusion
According to the results of the present study, which
was carried out from January 2014 to March 2014 in
Abadan, apos and apo-ratio are at least as good as lipids and
lipid ratios. Thus, apos and the apo-ratio are suitable if they
are considered as predictors for CVDs.
5

Azizi M et al.

Acknowledgments
We would like to thank all of those, who made this
project possible with their kind assistance. Moreover, this
study was supported by a grant from the Islamic Azad University, Abadan Branch, Iran.
Footnotes
Authors’ Contribution: All stages of the research were
performed in collaboration with the authors.
Financial Disclosure: There were no financial interests related to the material in the manuscript.
Funding/Support: This study was funded and supported
by the department of physical education and sport sciences, Islamic Azad University, Abadan Branch, Abadan,
Iran.
References
1. Global status report on non-communicable diseases 2010 Available
from: (www.who.int ).
2. Kim DY, Jung SY, Seo BD. Effect of exercise intervention on changes
in free Fatty Acid levels and metabolic risk factors in stroke patients.
J Phys Ther Sci. 2014;26(2):275–9. doi: 10.1589/jpts.26.275. [PubMed:
24648648].
3. Freedman DS, Cresanta JL, Srinivasan SR, Webber LS, Berenson GS. Longitudinal serum lipoprotein changes in white males during adolescence: The bogalusa heart study. Metabolism. 1985;34(4):396–403. doi:
10.1016/0026-0495(85)90231-8. [PubMed: 3872400].
4. Koozehchian MS, Nazem F, Kreider RB, Roberts WJ, Best TM, Rong Y,
et al. The role of exercise training on lipoprotein profiles in adolescent males. Lipids Health Dis. 2014;13:95. doi: 10.1186/1476-511X-13-95.
[PubMed: 24912476].
5. Finks SW. Cardiovascular disease in women. Am J Pharm Educ.
2010:179–201.
6. Stergioulas AT, Filippou DK. Effects of physical conditioning on lipids
and arachidonic acid metabolites in untrained boys: a longitudinal
study. Appl Physiol Nutr Metab. 2006;31(4):432–41. doi: 10.1139/h06-020.
[PubMed: 16900233].
7. Kim DY, Jung SY. Effect of aerobic exercise on risk factors of cardiovascular disease and the apolipoprotein B / apolipoprotein a1 ratio in obese woman. J Phys Ther Sci. 2014;26(11):1825–9. doi:
10.1589/jpts.26.1825. [PubMed: 25435709].
8. Attie AD, Kastelein JP, Hayden MR. Pivotal role of ABCA1 in reverse
cholesterol transport influencing HDL levels and susceptibility to
atherosclerosis. J Lipid Res. 2001;42(11):1717–26. [PubMed: 11714841].
9. Walldius G, Jungner I. The apoB/apoA-I ratio: a strong, new risk factor for cardiovascular disease and a target for lipid-lowering therapy–
a review of the evidence. J Intern Med. 2006;259(5):493–519. doi:
10.1111/j.1365-2796.2006.01643.x. [PubMed: 16629855].
10. Asztalos BF, Tani M, Schaefer EJ. Metabolic and functional relevance of HDL subspecies. Curr Opin Lipidol. 2011;22(3):176–85. doi:
10.1097/MOL.0b013e3283468061. [PubMed: 21537175].
11. Barter PJ, Rye KA. The rationale for using apoA-I as a clinical
marker of cardiovascular risk. J Intern Med. 2006;259(5):447–54. doi:
10.1111/j.1365-2796.2006.01647.x. [PubMed: 16629850].
12. Ben Ounis O, Elloumi M, Makni E, Zouhal H, Amri M, Tabka Z, et al.
Exercise improves the ApoB/ApoA-I ratio, a marker of the metabolic
syndrome in obese children. Acta Paediatr. 2010;99(11):1679–85. doi:
10.1111/j.1651-2227.2010.01920.x. [PubMed: 20594189].

6

13. Kipreos G, Tripolitsioti A, Stergioulas AT. The effects of anaerobic
training in serum lipids and arachidonic acid metabolites. J Biol of Exe.
2010;6(2):5–12. doi: 10.4127/jbe.2010.0036.
14. Leon AS, Sanchez OA. Response of blood lipids to exercise training
alone or combined with dietary intervention. Med Sci Sports Exerc.
2001;33(6 Suppl):502–15. [PubMed: 11427777] 528-9.
15. Chapman MJ, Assmann G, Fruchart JC, Shepherd J, Sirtori C, European Consensus Panel on HC. Raising high-density lipoprotein
cholesterol with reduction of cardiovascular risk: the role of nicotinic acid–a position paper developed by the European Consensus Panel on HDL-C. Curr Med Res Opin. 2004;20(8):1253–68. doi:
10.1185/030079904125004402. [PubMed: 15324528].
16. Sothern MS, Loftin M, Suskind RM, Udall JN, Blecker U. The health benefits of physical activity in children and adolescents: implications
for chronic disease prevention. Eur J Pediatr. 1999;158(4):271–4. doi:
10.1007/s004310051070. [PubMed: 10206121].
17. Whitley E, Ball J. Statistics review 4: sample size calculations. Crit Care.
2002;6(4):335–41. [PubMed: 12225610].
18. Mannu GS, Zaman MJ, Gupta A, Rehman HU, Myint PK. Evidence of
lifestyle modification in the management of hypercholesterolemia.
Curr Cardiol Rev. 2013;9(1):2–14. [PubMed: 22998604].
19. Holme I, Hostmark AT, Anderssen SA. Apob but not ldl-cholesterol
is reduced by exercise training in overweight healthy men. Results from the 1-year randomized oslo diet and exercise study. J Intern Med. 2007;262(2):235–43. doi: 10.1111/j.1365-2796.2007.01806.x.
[PubMed: 17645591].
20. Heitkamp HC, Wegler S, Brehme U, Heinle H. Effect of an 8-week
endurance training program on markers of antioxidant capacity in
women. J Sports Med Phys Fitness. 2008;48(1):113–9. [PubMed: 18212719].
21. Bijeh N, Sarlak Z, Farahati S. Effects of eight weeks aerobic training on
serum Apo A-1, B and lipid profile in overweight women [In Persian].
Sports Physiol. 2015;28:44–58.
22. Giada J. Lipoprotein profile, diet and body composition in athletes
practiced. J Sport Med. 2000;36:211–6.
23. von Stengel S. Exercise effects on chd-risk-factors in early postmenopausal women with increased cholesterol levels- preliminary
4-year-results. Med Sci Sports Exerc. 2004;36(Supplement):212–8. doi:
10.1097/00005768-200405001-01017.
24. Paoli A, Pacelli QF, Moro T, Marcolin G, Neri M, Battaglia G, et al. Effects
of high-intensity circuit training, low-intensity circuit training and
endurance training on blood pressure and lipoproteins in middleaged overweight men. Lipids Health Dis. 2013;12:131. doi: 10.1186/1476511X-12-131. [PubMed: 24004639].
25. Walldius G. ; . pp. 38–148.The apoB/apoA-I Ratio is a Strong Predictor of
Cardiovascular Risk.
26. Tran ZV, Weltman A. Differential effects of exercise on serum
lipid and lipoprotein levels seen with changes in body weight. A
meta-analysis. JAMA. 1985;254(7):919–24. doi: 10.1001/jama.254.7.919.
[PubMed: 4021025].
27. Blumenthal JA, Matthews K, Fredrikson M, Rifai N, Schniebolk S, German D, et al. Effects of exercise training on cardiovascular function
and plasma lipid, lipoprotein, and apolipoprotein concentrations
in premenopausal and postmenopausal women. Arterioscler Thromb.
1991;11(4):912–7. [PubMed: 2065042].
28. Ferguson MA, Alderson NL, Trost SG, Essig DA, Burke JR, Durstine JL.
Effects of four different single exercise sessions on lipids, lipoproteins, and lipoprotein lipase. J Appl Physiol (1985). 1998;85(3):1169–74.
[PubMed: 9729596].
29. Kim HK, Chang SA, Choi EK, Kim YJ, Kim HS, Sohn DW, et al. Association
between plasma lipids, and apolipoproteins and coronary artery disease: a cross-sectional study in a low-risk Korean population. Int J Cardiol. 2005;101(3):435–40. doi: 10.1016/j.ijcard.2004.03.057. [PubMed:
15907412].

Jentashapir J Health Res. 2016; 7(6):e36154.

Azizi M et al.

30. Grandjean PW, Crouse SF, O’Brien BC, Rohack JJ, Brown JA. The effects of menopausal status and exercise training on serum lipids
and the activities of intravascular enzymes related to lipid transport.
Metabolism. 1998;47(4):377–83. [PubMed: 9550532].
31. Katzmarzyk PT, Leon AS, Rankinen T, Gagnon J, Skinner JS, Wilmore
JH, et al. Changes in blood lipids consequent to aerobic exercise training related to changes in body fatness and aerobic fitness. Metabolism.
2001;50(7):841–8. doi: 10.1053/meta.2001.24190. [PubMed: 11436192].
32. Lokey EA, Tran ZV. Effects of exercise training on serum lipid
and lipoprotein concentrations in women: a meta-analysis. Int J
Sports Med. 1989;10(6):424–9. doi: 10.1055/s-2007-1024937. [PubMed:

Jentashapir J Health Res. 2016; 7(6):e36154.

2628361].
33. Akccedil F. Changes in serum lipid profile following moderate exercise. Afr J Pharm Pharmacol. 2010;4(11):829–33.
34. Slentz CA, Houmard JA, Johnson JL, Bateman LA, Tanner CJ, McCartney JS, et al. Inactivity, exercise training and detraining, and plasma
lipoproteins. STRRIDE: a randomized, controlled study of exercise
intensity and amount. J Appl Physiol (1985). 2007;103(2):432–42. doi:
10.1152/japplphysiol.01314.2006. [PubMed: 17395756].
35. Sims EA. Are there persons who are obese, but metabolically healthy?.
Metabolism. 2001;50(12):1499–504. doi: 10.1053/meta.2001.27213.
[PubMed: 11735101].

7

