
 

 

 

 

 

 

ABSTRACT 

        Background and Objectives: Sirtuin (SIRT), Fibroblast Growth Factor21 (FGF21) and 

Fetuin A are proteins that cause a wide range of metabolic disorders such as type 2 diabetes 

mellitus (T2DM). On the other hand, regular physical activity is known to play a key role in 

prevention and management of T2DM. Thus, this study investigated the effect of vigorous 

aerobic exercise on serum levels of metabolic parameters including SIRT1, FGF21 and Fetuin A 

in women with T2DM. 

          Methods: The study was performed on 28 randomly selected women with T2DM who 

were divided into an exercise group and a control group. The training intervention consisted 

eight weeks of vigorous aerobic exercise (three times a week at 70-80% of maximum heart 

rate). The serum levels of SIRT1, FGF21 and Fetuin A were evaluated before the first session 

and 48 hours after the last session. Paired sample t-test and independent t-test were used to 

analyze within and between group differences, respectively. All statistical analyses were 

performed in SPSS (version 19) at significance of 0.05. 

          Results: The eight-week aerobic training caused a significant reduction in body 

weight, body mass index, insulin resistance, low-density lipoprotein, fasting blood sugar, 

triglycerides and Fetuin A of women with T2DM. In addition, it caused a significant increase 

in SIRT1 and FGF21 levels. There was no significant difference in the level of high-density 

lipoprotein and cholesterol between the two groups.  

          Conclusion: As a non-pharmacological therapy, regular aerobic exercise might 

improve the metabolic parameters, SIRT1, FGF21, and Fetuin A in women with T2DM.  

          Keywords: Diabetes Mellitus Type 2, SIRT1, FGF21, Fetuin A, Exercise. 
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have been inconsistent. Some studies reported 

an increase in serum level of FGF21 following 

physical activity (12,13), while in a study by 

Besse-Patin et al., eight weeks of endurance 

training in obese men did not affect serum 

level of FGF21 (14). On the other hand, Yang 

et al. reported that serum level of FGF21 

decreases in obese women after three months 

of physical activity in obese women (15). 

In study of Malin et al., a reduction in serum 

level of Fetuin A was observed in obese adult 

men and women following a course of 

endurance training (16). Another study 

demonstrated that six weeks of aerobic 

exercise does not significantly change serum 

level of Fetuin A in obese women (17).  

Considering the lack of sufficient data 

regarding the effects of physical activity on 

serum level of SIRT1 in humans and the 

increasing prevalence of diabetes, we 

conducted this study to investigate the effect 

of eight weeks of high intensity aerobic 

training on metabolic parameters and serum 

levels of SIRT1, FGF21, and Fetuin A in 

women with type 2 diabetes. 

 

MATERIAL AND METHODS  
         This semi-experimental study (clinical 

trial registration number: 

IRCT20171104037225N1) was carried out on 

two groups (14 participants in each group) 

with a pretest and posttest design and a control 

group. The study population consisted of the 

females with type 2 diabetes who were 

referred to the Diabetes Center in Sari (Iran) 

for treatment. 

Inclusion criteria included age range between 

40-50 years old, fasting blood sugar of >126 

mg/dl, history of type two diabetes for at least 

three  years  with A1C of  more  than  6.5%, 

no history  of  insulin  injection,  no  history of 

regular physical activity in the past six months, 

and no history  of  hepatic  and  chronic  heart 

disease  requiring  treatment. Consent was 

obtained from all participants before taking 

part in the study. They were asked  not  to 

perform  any  other type of activities  

Exclusion criteria  included fasting  blood  

sugar  of  >300 mg/dl,  any cardiovascular,  

liver  or  kidney diseases,  intermittent 

attendance to the training  sessions,  and 

unwillingness  to  continue  participating   in 

the  study.  Exercise  intervention  was  based 

on    the    American    Diabetes      Association 

INTRODUCTION 

         Reduced physical activity and sedentary 

lifestyle habits increase the incidence of 

chronic diseases, such as diabetes mellitus 

(DM). DM is a complex chronic disease 

associated with hyperglycemia due to 

deficiency in insulin secretion or action or 

both (1). According to statistical reports in 

2011, the global prevalence of DM was 8% in 

adults and is estimated to reach 10% by 2030 

(2). Proteins involved in the metabolic 

pathways such as sirtuin1 (SIRT1) and some 

hepatokines such as fibroblast growth factor21 

(FGF21) and Fetuin A have been known to play 

a key role in type 2 diabetes. Diabetics have 

decreased level of SIRT1 and FGF21 and 

increased level of Fetuin A. SIRT1 is a protein 

that acts as nicotinamide adenine dinucleotide 

(NAD)-dependent deacetylase (3) and an 

important regulator of nutritional homeostasis 

in several metabolic tissues. SIRT1 positively 

regulates the secretion of insulin in beta-

pancreatic cells and protects cells from 

oxidative stress and inflammation (1). It also 

plays a positive role in insulin signaling 

pathway in muscle and adipose tissue and its 

expression is associated with improved insulin 

sensitivity (4). SIRT1 increases lipolysis, 

inhibits lipogenesis, and plays a role in the 

reverse cholesterol transport (5). FGF21 is a 

protein involved in regulation of glucose and 

lipid metabolism. It is mainly expressed in 

metabolic tissues, such as the liver and 

muscles (6). Systemic induction of FGF21 

prevents obesity and decreases hyperglycemia 

and insulin resistance. It also leads to weight 

loss and decreases triglyceride (TG) and low-

density lipoprotein (LDL) levels (7). Fetuin A 

is also a glycoprotein produced by the liver 

(6), which is associated with metabolic 

syndrome, type 2 diabetes and cardiovascular 

disease. It promotes insulin resistance by 

inhibiting phosphorylation insulin receptor (8) 

and is involved in development of 

atherosclerosis in diabetic patients (9).  

Exercise and regular physical activity have 

beneficial health effects, especially on chronic 

diseases such as diabetes. Various studies have 

been conducted on the effect of physical 

activity on SIRT1. Sarga et al. reported an 

increase in SIRT1 level of mice following 

endurance training (10). It has been shown that 

long-term exercise exerts cardio protective 

effects via activation of SIRT1 (11). The results 

of  studies  on  the effects of training on FGF21  
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measured with enzyme-linked immunosorbent 

assay (ELISA). Descriptive statistics including 

mean ± standard deviation (SD) were used to 

describe the data. Kolmogorov Smirnov test 

and Levene's test were applied to determine 

normality of data distribution and 

homogeneity of variances. Paired sample t-test 

and independent t-test were performed in order 

to analyze differences within and between 

groups, respectively. All statistical analyses 

were performed in SPSS (version 19) at 

significant of 0.05. 
 

RESULTS 

        Before the intervention, there was no 

significant difference between the control and 

the exercise groups. The eight weeks of high-

intensity aerobic exercise caused a significant 

decrease in body weight, BMI, A1C level, 

insulin resistance, low-density lipoprotein 

(LDL) level, fasting glucose level, TG, and 

Fetuin A levels. However, a non-significant 

decrease was also noted in the cholesterol 

level of the participants in the exercise group. 

Moreover, there was a statistically significant 

increase in serum levels of SIRT1 and FGF21 

(P=0.001) and a non-significant increase in 

level of high density lipoprotein (HDL) 

(Table1). 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

recommendations and included three sessions 

of high intensity exercise per week at 70-80% 

of maximum heart rate (18). The initial 

training duration was 25 minutes, which was 

increased by one minute after each training 

session, and reached 43 minutes at the end of 

week six. The training intensity started at 65% 

of the maximum heart rate and increased by 

5% every week until reaching 80% of 

maximum heart rate. The exercise program 

was performed for eight weeks. Height and 

weight of the participants were measured when 

they wearing light clothing and without shoes. 

Body mass index (BMI) was calculated by 

dividing body weight (Kg) by height squared 

(m
2
). Insulin resistance was evaluated using 

the following formula: 

HOMA-IR = [(fasting insulin (μU/ml) × 

fasting glucose (mmol/l)] ÷ 22.5 

Metabolic  parameters  and serum levels of 

SIRT1, FGF21, and Fetuin A were evaluated 

before the first session and 48 hours after the 

last session. Venous blood samples were taken 

between 8:00-10:00 AM following 12 hours of 

overnight fasting. Serum levels of metabolic 

parameters were measured by an auto analyzer 

and serum levels of SIRT1 (Bio Vision, USA), 

FGF21,  and  Fetuin A (Bio Vender, USA) were  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Variable Groups Pre-test Post-test P-value within 

groups 

P-value between 

groups 

Weight (Kg) Control 70.61 ± 2.11 71.02 ±2.26 0.220 0.043* 

Exercise 71.17 ± 2.30 69.24 ± 2.15 0.001 

BMI (Kg/m2) Control 28.53 ± 1.62 28.68 ±1.54 0.237 0.025* 

Exercise 28.18 ±1.32 27.41 ±1.28 0.001 

FBS (mg/dl) Control 165.14 ± 11.82 164.79 ± 12.21 0.662 0.001* 

Exercise 164.79 ±  9.9 143.93 ± 8.31 0.001 

A1C (%) Control 7.94 ± 0.52 7.93 ± 0.55 1.000 0.01* 

Exercise 8.04 ± 0.50 7.18 ± 0.41 0.001 

IR Control 4.97 ± 0.64 4.95 ± 0.62 0.52 0.02* 

Exercise 4.97 ± 0.61 4.38 ± 0.60 0.001 

TG (mg/dl) Control 169.57 ± 12.36 166.64 ± 2.49 0.195 0.001* 

Exercise 168.85 ± 12.14 149.92 ±12.33 0.001 

LDL (mg/dl) Control 118.64 ± 7.72 119.00 ± 6.21 0.583 0.01* 

Exercise 119.57 ± 8.21 110.92 ± 8.29 0.001 

HDL (mg/dl) Control 40.85 ± 5.98 40.78 ± 5.07 0.444 0.17 

Exercise 41.07 ± 5.18 43.21 ± 4.82 0.001 

Cholesterol (mg/dl) Control 180.75 ± 14.08 179.42 ± 13.94 0.126 0.09 

Exercise 179.21 ± 13.18 170.71 ± 12.64 0.001 

SIRT1 (ng/ml) Control 8.51 ± 1.18 8.34 ± 1.14 0.353 0.001* 

Exercise 9.32 ± 1.14 9.99 ± 1.56 0.001 

FGF21 (pg/ml) Control 209.71 ± 12.02 210.42± 10.42 0.373 0.001* 

Exercise 210.92 ± 8.7 228.07 ± 7.76 0.001 

FetuinA (ng/ml) Control 25.64 ± 3.44 26.55 ± 3.42 0.19 0.001* 

Exercise 25.48 ± 3.35 20.94 ± 2.98 0.001 

 

Table1- Statistical analysis of metabolic parameters, SIRT1, FGF21, and Fetuin A before and after the exercise 

intervention 

 

* Significant difference compared to the control group after exercise 
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SIRT1 and FGF21. Physical activity increases 

glucagon and free fatty acids release, which 

simultaneously increase the secretion of FGF21 

from hepatocytes (26). FGF21 increases 

glucose uptake in adipose tissue independent 

of insulin (7), which acts through the 

expression of glucose transport and regulation 

of lipolysis (27). FGF21 increases the 

mitochondrial oxidative capacity in adipose 

tissue, which is manifested by increasing 

oxygen consumption and induction of key 

metabolic genes (28). In other tissues, such as 

the liver and pancreas, FGF21 also helps 

maintain homeostasis (6).  

AMP-activated protein kinase (AMPK) is 

activated by reduction of ATP/AMP ratio, 

phosphocreatine (CP), and glycogen levels. On 

the other hand, the CP and glycogen depletion 

is influenced by exercise intensity (29). The 

activation of AMPK (e.g., by exercise) triggers 

an increase in the NAD
+
/NADH ratio, which 

activates SIRT1 (30). Increased level of AMPK 

increases NAD
+
 intracellular levels, which in 

turn activates SIRT1 (31). SIRT1 also increases 

fat oxidation and glucose uptake and 

mitochondrial biogenesis (32). In addition to 

lipolysis, FGF21 mediated activation of the 

AMPK-SIRT1 is accompanied by decreased 

expression of lipogenic genes involved in fatty 

acid synthesis (5, 28). 

In the present study, eight weeks of aerobic 

training significantly reduced the serum levels 

of Fetuin A. This is in agreement with the 

results of Lee et al. (33), Salama et al. (34), 

and Malin et al. (16). Lee et al. reported 11% 

reduction in Fetuin A level after 12 weeks of 

training in middle-aged men. In the study of 

Salama et al., regular exercise in diabetic rats 

caused a significant decrease in Fetuin A level 

compared to the control group. In the study of 

Malin et al., 12 weeks of training in adult 

males and females decreased Fetuin A levels 

by 8%. On the other hand, Blumenthal et al. 

reported an increase in serum levels of Fetuin 

A after six months of aerobic exercise in 

middle-aged men (35). Another study on non-

diabetic obese women did not find any 

significant changes in Fetuin A levels after six 

weeks of training (17). These inconsistencies 

could be attributed to the differences in the 

type of exercise protocol, duration, and 

intensity of exercise. Fetuin A is linked to the 

insulin receptor thereby inhibiting the 

autophosphorylation   of   tyrosine   kinase and 

DISCUSSION 

        In this study, we examined the effects of 

eight weeks of high-intensity aerobic exercise 

on metabolic parameters and serum levels of 

SIRT1, FGF21, and Fetuin A in women with 

type 2 diabetes. The exercise intervention 

caused a significant decrease in the level of 

fasting blood glucose, A1C, insulin resistance, 

triglyceride, LDL, and Fetuin A compared to 

the control group. We also noted a significant 

increase in serum levels of SIRT1 and FGF21 in 

the exercise group. Dyslipidemia and 

cardiovascular disease are common among 

patients with DM. Our results showed that 

regular physical activity can improve 

cardiovascular risk factors, which was 

supported by other studies (1,19). 

The expression and activity of the SIRT1 are 

decreased in DM (1). In this study, the eight-

week intense aerobic training increased the 

serum levels of SIRT1 and FGF21 in diabetic 

women. Previous studies have not extensively 

investigated the effect of physical activity on 

serum level of SIRT1. Saremi et al. reported a 

significant increase in serum level of SIRT1 

after two months of exercise (1). In another 

study, Chi Huang et al. found that swimming 

increased SIRT1 level in gastrocnemius and 

soleus muscle of mice (20). Similarly, Causu 

et al. reported that six weeks of training 

increased SIRT1 levels in healthy mice (21). 

However, a study by Marton et al. reported 

that physical activity had no effect on serum 

levels of SIRT1 (22). In our study, the eight-

week high-intensity aerobic exercise increased 

serum levels of FGF21, which was in consistent 

with the results of Yang et al. (15), Farzanegi 

(23), and Abbasi et al. (24). Farzanegi stated 

that eight weeks of regular physical activity in 

women with type 2 diabetes brought about a 

significant increase in serum levels of FGF21. 

In addition, the study of Abbasi et al. on obese 

men demonstrated an increase in serum levels 

of FGF21 in response to aerobic training. Yang 

et al. also observed an increase in serum FGF21 

levels after 12 weeks of combined exercise 

training in obese women. Contradictory to the 

results of these studies, a study claimed that 

plasma level of FGF21 was reduced following 

three weeks of intertropical training (25). 

It seems that the positive effects of regular 

physical exercise on the metabolic parameters 

of diabetics may partially be exerted through 

proteins associated with mitochondrial 

biogenesis   and   glucose    regulation  such as  
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effects  on  metabolic  parameters  in  the body 

through activation of the AMPK-SIRT1 

pathway and improvement of insulin 

sensitivity and associated pathways.  
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reducing insulin signaling in skeletal muscle 

and adipose tissue (8). Fetuin A also stimulates 

release of cytokines and reduces adiponectin 

release, which in turn leads to insulin 

resistance (36). Stimulation of lipogenesis is 

another consequence of increased Fetuin A 

level (37). It seems that regular exercise can 
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A levels. 

 

CONCLUSION 

            As a non- pharmacological therapy, 

physical  activity  may  exert  some   beneficial  

 
REFERENCES 

1. Saremi A, Shahrjerdi Sh, Kavyani A. The Effect of 

Aerobic Training on Metabolic Parameters and 

1SerumLevel of Sirtuin1 in Women with Type 2 Diabetes. 

AMUJ. 2016; 19(114): 88-97.  
 

2. Dehghan F, Soori R, Gholami Kh, Abolmaesoomi M, 

Yusof A, Muniandy S, et al. Purslane (Portulaca 

oleracea) Seed Consumption And Aerobic Training 

Improves Biomarkers Associated with Atherosclerosis in 

Women with Type 2 Diabetes (T2D). Sci Rep. 2016; 6: 

3781. doi: 10.1038/srep37819. 
 

3. Colak Y,  Yesil A, Huseyin Mut H , Caklili O,  

Ulasogl C, Senates E, et al. A Potential Treatment of 

Non-Alcoholic Fatty Liver Disease with SIRT1 

Activators. Review J Gastro intestin Liver Dis 2014; 

23(3): 311-319. doi: 10.15403/jgld.2014.1121.233.yck. 
  

4. Matthew P, Maya E. Sirt1 Regulates Adipose Tissue 

Inflammation. Diabetes  2011;60(12): 3235-3245. doi: 

10.2337/db11-0616. 
 

5. Picard F, Kurtev M, Chung N, Topark-Ngarm A, 

Senawong T, Machado De Oliveira R, et al. Sirt1 

promotes fat mobilization in white adipocytes by 

repressing PPAR-gamma. Nature. 2004; 429(6993): 

771– 776. 
 

6. Oh K.J, Lee DS, Kim WK, Han BS, Lee SC, Bae K-H. 

Metabolic Adaptation in Obesity and Type II Diabetes: 

Myokines, Adipokines and Hepatokines. Int J Mol Sci. 

2016;18(1). pii: E8. doi: 10.3390/ijms18010008. 
 

7. Yoo HJ, Choi KM.  Hepatokines as a Link between 

Obesity aCardiovascular Diseases. Review. Diabetes 

Metab J. 2015; 39: 10-15. doi: 

10.4093/dmj.2015.39.1.10. 
 

8. Sun Q, Cornelis MC, Manson JE, Hu FB. Plasma 

levels of fetuin-A and hepatic enzymes and risk of type 2 

diabetes in women in the U.S. Diabetes. 2013; 62(1): 49-

55. doi: 10.2337/db12-0372. 
 

9. Emoto M, et al. Fetuin-A and atherosclerotic calcified 

plaque in patients with type 2 diabetes mellitus. 

Metabolism. 2010; 59(6): 873-8. doi: 

10.1016/j.metabol.2009.10.005. 
 

10. Sarga L, Nikolett H, Lauren K. Aerobic endurance 

capacity affects spatial memory and SIRT1 is a potent 

modulator of 8-oxoguanine repair. Neuroscience. 2013; 

;252:326-36. doi: 10.1016/j.neuroscience.2013.08.020.  
 

 

 
 
 
 
 

5/ Vizvari and colleagues 

Medical Laboratory Journal, Mar-Apr, 2018; Vol 12: No 2 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Hansen%20JS%5BAuthor%5D&cauthor=true&cauthor_uid=27163358
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pedersen%20BK%5BAuthor%5D&cauthor=true&cauthor_uid=27163358
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20G%5BAuthor%5D&cauthor=true&cauthor_uid=27163358
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lehmann%20R%5BAuthor%5D&cauthor=true&cauthor_uid=27163358
https://www.ncbi.nlm.nih.gov/pubmed/?term=Weigert%20C%5BAuthor%5D&cauthor=true&cauthor_uid=27163358
https://www.ncbi.nlm.nih.gov/pubmed/?term=Weigert%20C%5BAuthor%5D&cauthor=true&cauthor_uid=27163358
https://www.ncbi.nlm.nih.gov/pubmed/?term=Plomgaard%20P%5BAuthor%5D&cauthor=true&cauthor_uid=27163358
https://www.ncbi.nlm.nih.gov/pubmed/27163358
https://www.ncbi.nlm.nih.gov/pubmed/27163358
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=21521346
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hong%20HC%5BAuthor%5D&cauthor=true&cauthor_uid=21521346
https://www.ncbi.nlm.nih.gov/pubmed/?term=Choi%20HY%5BAuthor%5D&cauthor=true&cauthor_uid=21521346
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yoo%20HJ%5BAuthor%5D&cauthor=true&cauthor_uid=21521346
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cho%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=21521346
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hwang%20TG%5BAuthor%5D&cauthor=true&cauthor_uid=21521346
https://www.ncbi.nlm.nih.gov/pubmed/27926890
https://www.ncbi.nlm.nih.gov/pubmed/?term=Picard%20F%5BAuthor%5D&cauthor=true&cauthor_uid=15175761
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kurtev%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15175761
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chung%20N%5BAuthor%5D&cauthor=true&cauthor_uid=15175761
https://www.ncbi.nlm.nih.gov/pubmed/?term=Topark-Ngarm%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15175761
https://www.ncbi.nlm.nih.gov/pubmed/?term=Senawong%20T%5BAuthor%5D&cauthor=true&cauthor_uid=15175761
https://www.ncbi.nlm.nih.gov/pubmed/?term=Machado%20De%20Oliveira%20R%5BAuthor%5D&cauthor=true&cauthor_uid=15175761
https://www.ncbi.nlm.nih.gov/pubmed/28025491
https://www.ncbi.nlm.nih.gov/pubmed/?term=Choi%20KM%5BAuthor%5D&cauthor=true&cauthor_uid=25729707
https://www.ncbi.nlm.nih.gov/pubmed/22923470
https://www.ncbi.nlm.nih.gov/pubmed/20015522


29. Jensen TE, Richter EA. Regulation of glucose and 

glycogen metabolism during and after exercise. Journal 

of Physiology. 2012; 590(5): 1069-1076. doi: 

10.1113/jphysiol.2011.224972. 
 

30. Cantó C, Jiang LQ, Deshmukh AS. Interdependence 

of AMPK and SIRT1 for metabolic adaptation to fasting 

and exercise in skeletal muscle. Cell Metabolism 2010; 

11(3): 213-219. doi: 10.1016/j.cmet.2010.02.006.  
 

31. Chau M, Gao J, Yang Q, Zhidan Wu, and  Gromada 

J. Fibroblast growth factor 21 regulates energy 

metabolism by activating the AMPK–SIRT1–PGC-1α 

pathway. Proc Natl Acad Sci U S A 2010; 107(28): 

12553–12558.   doi:  10.1073/pnas.1006962107. 
 

32. Nara R, Scherolin O. Treadmill training increases 

SIRT-1 and PGC-1 α protein levels and AMPK 

phosphorylation in quadriceps of middle-aged rats in an 
intensity-dependent manner. Mediators Inflamm. 

2014;2014:987017. doi: 10.1155/2014/987017. 
 

33. Lee S, Norheim F, Gulseth H, Langleite M, Kolnes 

K, Tangen D, et al. Interaction between plasma fetuin‐A 

and free fatty acids predicts changes in insulin sensitivity 

in response to long‐term exercise. Physiol Rep. 2017; 

5(5): e13183. doi:10.14814/phy2.13183. 
 

34. Salama ME, El-Damarawi MA. Effect of two exercise 

varieties on fetuin-A plasma level in experimental 

diabetic nephropathy. Tanta Med J. 2017; 45(1): 21-28. 
 

35. Hennige AM, Staiger H, Wicke C, Machicao F, 

Fritsche A, Häring HU, Stefan N. Fetuin A induced 

cytokine expression and suppresse adipokinectin 

production. Plos one. 2008; 3: e1765. 
  

36.  Blumenthal  J, Gitterman A, Ryan A, Prio S. Effects 

of Exercise Training and Weight Loss on Plasma Fetuin-

A Levels and Insulin Sensitivity in Overweight Older 

Men. J Diabetes Res. 2017; 2017: 1492581. doi: 

10.1155/2017/1492581. 
  

37. Singh M, Sharma PK, Garg VK, Mondal SC, Singh 

AK, Kumar N. Role of fetuin-A in atherosclerosis 

associated with diabetic patients. J Pharm Pharmacol. 

2012; 64(12): 1703-8. doi: 10.1111/j.2042-

7158.2012.01561.x. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

20. Huang Ch, Wang T, Tung Y,  Lin W. Effect of 

Exercise Training on Skeletal Muscle SIRT1 and PGC-1α 

Expression Levels in Rats of Different. Int J Med Sci. 

Age. 2016; 13(4): 260-270. 
 

21. Casuso RA, Martínez A, Hita F, Camiletti D, Aranda 

P, Martínez E. Quercetin supplementation does not 

enhance cerebellar mitochondrial biogenesis and 

oxidative status in exercised rats. Nutr Res. 2015; 35(7): 

585-91. 

22. Marton O, Koltai E, Takeda M, Koch LG, Britton 

SL. Mitochondrial biogenesisassociated factors underlie 

the magnitude of response to aerobic endurance training 

in rats. Pflugers Arch.  2015; 467(4): 779-88. 
 

23. Parvin Farzanegi. The effect of aerobic training on 

levels of FGF21 in diabetic woman. Indian Journal of 

Fundamental and Applied Life Sciences. 2015; 4(5): 124-

127. 
 

24. Abbasi Daloii A, Maleki Delarestaghi A. The effect of 

Aerobic exercise on Fibroblast Growth Factor and 

Adiponectin in obese men. Journal of Sport Biosciences 

2017; 9(1): 109-121. 
 

25. Scalzo R, Peltonen G, Giordano G, Binns S, Klochak 

A, Paris A, et al. Regulators of Human White Adipose 

Browning: Evidence for Sympathetic Control and Sexual 

Dimorphic Responses to Sprint Interval Training. PLoS 

One. 2014; 9(3): e90696. 
 

26. Jakob Schiøler Hansen, Bente Klarlund Pedersen, 

Guowang Xu, Rainer Lehmann, Cora Weigert, Peter 

Plomgaard. Exercise-Induced Secretion of FGF21 and 

Follistatin Are Blocked by Pancreatic Clamp and 

Impaired in Type 2 Diabetes. J Clin Endocrinol Metab. 

2016; 101(7): 2816-2825. doi: 10.1210/jc.2016-1681. 
 

27. Li X, Ge H, Weiszmann J, Hecht R, Li YS, Véniant 

MM, et al. Inhibition of lipolysis may contribute to the 
acute regulation of plasma FFA and glucose by FGF21 

in mice. FEBS letters 2009; 583(19): 3230-3234. doi: 

10.1016/j.febslet.2009.09.012. 
 

28. Shenglong Zhu, Lei Ma, Yunzhou Wu, Xianlong Ye, 

Tianyuan Zhang, Qingyang Zhang, et al. FGF21 

treatment ameliorates alcoholic fatty liver through 

activation of AMPK-SIRT1 pathway.  Acta Biochim 

Biophys Sin (Shanghai). 2014 Dec;46(12):1041-8. doi: 

10.1093/abbs/gmu097. 
 
 

 

 

 
 

 

 

 

 
 

 

 

 

6/ Effect of Vigorous Aerobic. . . 

Medical Laboratory Journal, Mar-Apr, 2018; Vol 12: No 2 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Chau%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=20616029
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gao%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20616029
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20Q%5BAuthor%5D&cauthor=true&cauthor_uid=20616029
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=20616029
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gromada%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20616029
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2906565/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2906565/
https://dx.doi.org/10.1073%2Fpnas.1006962107
https://www.ncbi.nlm.nih.gov/pubmed/25002755
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5350184/
https://dx.doi.org/10.14814%2Fphy2.13183
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hennige%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=18335040
https://www.ncbi.nlm.nih.gov/pubmed/?term=Staiger%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18335040
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wicke%20C%5BAuthor%5D&cauthor=true&cauthor_uid=18335040
https://www.ncbi.nlm.nih.gov/pubmed/?term=Machicao%20F%5BAuthor%5D&cauthor=true&cauthor_uid=18335040
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fritsche%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18335040
https://www.ncbi.nlm.nih.gov/pubmed/?term=H%C3%A4ring%20HU%5BAuthor%5D&cauthor=true&cauthor_uid=18335040
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stefan%20N%5BAuthor%5D&cauthor=true&cauthor_uid=18335040
https://www.hindawi.com/40270458/
https://www.hindawi.com/12845909/
https://www.hindawi.com/46287023/
https://www.hindawi.com/60548730/
https://www.ncbi.nlm.nih.gov/pubmed/28770230
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23146032
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sharma%20PK%5BAuthor%5D&cauthor=true&cauthor_uid=23146032
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garg%20VK%5BAuthor%5D&cauthor=true&cauthor_uid=23146032
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mondal%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=23146032
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=23146032
https://www.ncbi.nlm.nih.gov/pubmed/?term=Singh%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=23146032
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20N%5BAuthor%5D&cauthor=true&cauthor_uid=23146032
https://www.ncbi.nlm.nih.gov/pubmed/23146032
https://www.ncbi.nlm.nih.gov/pubmed/27076782
https://www.ncbi.nlm.nih.gov/pubmed/?term=Scalzo%20RL%5BAuthor%5D&cauthor=true&cauthor_uid=24603718
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peltonen%20GL%5BAuthor%5D&cauthor=true&cauthor_uid=24603718
https://www.ncbi.nlm.nih.gov/pubmed/?term=Giordano%20GR%5BAuthor%5D&cauthor=true&cauthor_uid=24603718
https://www.ncbi.nlm.nih.gov/pubmed/?term=Binns%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=24603718
https://www.ncbi.nlm.nih.gov/pubmed/?term=Klochak%20AL%5BAuthor%5D&cauthor=true&cauthor_uid=24603718
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paris%20HL%5BAuthor%5D&cauthor=true&cauthor_uid=24603718
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3946216/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3946216/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3946216/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hecht%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19751733
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20YS%5BAuthor%5D&cauthor=true&cauthor_uid=19751733
https://www.ncbi.nlm.nih.gov/pubmed/?term=V%C3%A9niant%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=19751733
https://www.ncbi.nlm.nih.gov/pubmed/?term=V%C3%A9niant%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=19751733
https://www.ncbi.nlm.nih.gov/pubmed/25355486
https://www.ncbi.nlm.nih.gov/pubmed/25355486
https://www.ncbi.nlm.nih.gov/pubmed/25355486

