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Abstract 

Functional Gly482Ser (rs8192678) and G/C (rs4253778) polymorphisms in 

the Peroxisome proliferator-activated receptor gamma coactivator1 

(PPARGC1A) and Peroxisome proliferator-activated receptor alpha (PPARα) 

genes, respectively, have been associated with mRNA and protein activity. 

The aim of this study was to determine their frequency distribution among 155 

Israeli athletes (endurance athletes and sprinters) and 240 healthy controls. 

Results showed that there was a significant difference in PPARGC1A 

Ser482Gly polymorphism genotype frequencies between endurance athletes 

and sprinters (P=0.005) as well as between endurance athletes and controls 

(p=0.0003). However, the sprinters' genotype and allele frequencies were 

similar to that of the control group. A significantly lower proportion of 

PPARGC1A Ser482 allele (0.25) was noted for the endurance athletes 

compared to controls (0.43, p=0.0001). Endurance athletes showed a trend of 

a higher yet a not significant proportion of the PPARα GG genotype compared 

to sprinters (p=0.051). As we compared between the subgroups of top-level 

endurance athletes and top-level sprinters, as well as between those of top-

level and national-level endurance athletes, we reached more prominent 

results. In conclusion, our data indicate that a lower frequency of the Ser482 

allele and possibly a higher frequency of the GG genotype are associated with 

increased endurance performance ability. 

 

Keywords: Genetics, aerobic performance, anaerobic performance, 

metabolism 
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Introduction 

Elite athletic performance is influenced, at least partly, by genetic components 

(MacArthur & North, 2005; Rankinen et al., 2006). However, while human elite 

performance phenotypes are highly polygenic, it is still unknown whether 

different genetic elements play a role in an athlete's talent for a specific type 

of sport (Amir et al., 2007).   

Peroxisome proliferator-activated receptor gamma coactivator1α 

(PPARGC1A) is a transcription coactivator that probably plays a role in a wide 

variety of biological responses, including mitochondrial biogenesis (Liang & 

Ward, 2006; Gonzalez-freire et al., 2008). PPARGC1A controls glucose 

transportation and lipid and glucose oxidation through the regulation of 

peroxisome proliferator-activated receptor alpha (PPARα) (Attie & 

Kendziorski, 2003). PPARGC1A and PPARα are expressed at high levels in 

tissues that catabolize fatty acids, notably those in the liver, skeletal muscle, 

and myocardium (Braissant et al., 1996; Liang & Ward, 2006). In humans, the 

PPARGC1A and the PPARα genes regulate the expression of genes 

encoding several key enzymes involved in fatty acid oxidation (Ahmetov et al., 

2006) and controlling oxidative phosphorilation (Lucia et al., 2005). Endurance 

training increases PPARGC1A mRNA levels (Tunstall et al., 2002; Pilegaard 

et al., 2003; Short et al., 2003; Norrbom et al., 2004;  Mathai et al., 2008), and 

thus, may enhance skeletal muscle oxidative capacity by PPARα regulation of 

gene expression (Lin et al., 2002; Russell et al., 2003).  

  Based on the premise that PPARGC1A Gly482Ser and PPARα G/C 

Single Nucleotide Polymorphisms (SNPs) are functional and therefore could 
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affect mRNA expression and/or protein levels, they have received recent 

attention in the medical literature. The Ser482 allele of the PPARGC1A gene 

was previously associated with type 2 diabetes (Ek et al., 2001; Hara et al., 

2002), whereas the Gly482 allele has been associated with beneficial effects 

such as alteration of lipid oxidation and early insulin secretion (Muller et al., 

2003). Furthermore, the C allele in the G/C polymorphism of the PPARα gene 

is thought to be associated with higher plasma lipid levels (Flavell et al., 

2000), cardiac growth (Jamshidi et al., 2002), and increasing risk of coronary 

artery disease (Flavell et al., 2002).  

  Only a few studies have tested the plausible effect of PPARGC1A and 

PPARα on athletic performance. Ahmetov et al. (2006) suggested that elite 

aerobic performance is affected by the G allele of the PPARα intron 7 G/C 

polymorphism. Lucia et al. (2005) reported an association between elite 

athletic performance and a common variant in the PPARGC1A gene 

(Gly482Ser), in which the frequency of the PPARGC1A minor Ser482 allele 

was lower in elite endurance athletes compared to unfit controls. However, a 

lack of association was noted between Vo2max and the Gly482Ser 

polymorphism in the German and Dutch populations (Stumvoll et al., 2004), 

as well as in the Northern Chinese population (He et al., 2008).  

The purpose of this study was to analyze the frequency distribution of 

PPARGC1A Gly482Ser (rs8192678) and PPARα G/C (rs4253778) 

polymorphisms in athletic and non-athletic Israeli populations. Another goal of 

this work was to compare within the athletic population the frequency 

distribution of the above SNPs between elite athletes of sports with different 
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demands (endurance vs. sprinters) and competitive levels (top-level vs. 

national level).  

 

Material and methods    

Subjects: One hundred and fifty-five athletes (119 men and 36 women, 

age=35.9+12.2 yrs) volunteered to participate in the study. Athletes were 

included in the study sample only if they had participated in 

national/international track and field championships. The control group 

consisted of 240 non-athletic Israeli healthy individuals that were randomly 

assigned from the Israeli population. Controls were not engaged in physical 

activity on a regular basis. Athletes were divided into two groups: 1) 

Endurance-type group that included 74 long distance runners, whose main 

event was the 10000m run or the marathon, and 2) Sprint-type group that 

included 81 sprinters whose main event was the 100-200m dash. According to 

their individual best performance, athletes within each group were further 

divided into two subgroups: top-level (those who had represented Israel in a 

world track and field championship or in the Olympic Games) and national 

level athletes. All subjects, athletes and non-athletes, were Israeli 

Caucasians, with an equivalent ratio of non-Ashkenazi and Ashkenazi descent 

in each group (2:1). (subjects' genotype characteristics are presented in Table 

1).  

The study was approved by the Helsinki Committee of the Hillel Yaffe 

Medical Center, Hadera, Israel, according to the Declaration of Helsinki. A 

written informed consent was obtained from each participant.  
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Genotyping 

Genomic DNA was extracted from peripheral EDTA treated anit-coagulated 

blood using a standard protocol (Sambrook et al., 1989). Genotyping of the 

PPARGC1A Gly482Ser (G/A) (rs8192678) and PPARα G/C (rs4253778) 

polymorphisms was performed using polymerase chain reaction (PCR) 

according to the methods of Kunej et al. (2004) and Jamshidi et al. (2002), 

respectively. The resulting PCR products were genotyped (in the Genetics 

and Molecular Biology Laboratory of the Zinman College of Physical 

Education and Sport Sciences at the Wingate Institute, Netanya, Israel) by 

restriction fragment length polymorphism (RFLP). Briefly, the Gly482Ser 

polymorphism was amplified using PCR primers F - 5' 

TAAAGATGTCTCCTCTGATT '3 and R - 5' 

GGAGACACATTGAACAATGAATAGGATTG '3. The amplified fragment 

subsequently underwent digestion by HPAΙΙ (New England Biolabs, Beverly, 

MA, USA). This method yields a 378-bp fragment in the presence of the 

Ser482 allele, and 209 and 169 bp in the presence of the Gly482 allele. The 

PPARα G/C polymorphism in intron 7 was amplified using PCR primers F- 5' 

ACAATCACTCCTTAAATATGGTGG '3 and R- 5' 

AAGTAGGGACAGACAGGACCAGTA '3. The amplified fragment 

subsequently underwent digestion by Taq Ι (New England Biolabs, Beverly, 

MA, USA). This method yields a 266-bp fragment in the presence of the C 

allele, and a 216 and 50 bp in the presence of the G allele. To ensure proper 

internal control, for each genotype analysis we used positive and negative 

controls from different DNA aliquots which were previously genotyped with the 
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same method according to recent recommendations for replicating genotype-

phenotype association studies (Chanock et al., 2007). The RFLP results were 

scored by two experienced and independent investigators who were blind to 

subject data. 

Data analysis 

The SPSS statistical package, version 15.0, was used to perform all statistical 

evaluations (SPSS Inc., Chicago, IL, USA). Allele frequencies were 

determined by gene counting. A Χ2 test was used to confirm that the observed 

genotype frequencies were in Hardy-Weinberg equilibrium, and to compare 

the PPARGC1A Gly482Ser and the PPARα G/C alleles and genotype 

frequencies between athletes and control subjects as well as between 

genders and between athletes from different sports and competitive levels. 

The level of significance was set at P < 0.05. 

 

Results 

The results of the distribution of PPARGC1A Gly482Ser and the PPARα G/C 

polymorphisms genes in 155 Israeli athletes compared with 240 healthy 

sedentary Israeli individuals revealed that subjects' age, male/female 

genotype distribution, and allele frequencies did not differ by genotype, as 

summarized in Table 1. In addition, there were no differences across 

PPARGC1A and PPARα genotypes between Ashkenazi and non-Ashkenazi 

descendants. Our control population consisted of Israeli Caucasians, where 

the observed Ser482 allele frequency of the PPARGC1A was consistent with 

reports of Chinese (He et al., 2008) and Koreans (Kim et al., 2005), and 
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slightly lower than Danish (Ling et al., 2004), Germans (Stumvoll et al., 2004), 

British (Franks et al., 2003), and Spanish (Lucia et al., 2005) populations. The 

C/G allele frequencies in the present study were similar to those in the general 

population of Russia (Ahmetov et al., 2006). The PPARGC1A Gly482Ser and 

the PPARα G/C genotype and allele frequencies met Hardy-Weinberg 

expectations in the endurance athletes (P = 0.1 for Gly482Ser, and P = 0.64 

for G/C), sprinters (P = 0.98 for Gly482Ser, and P = 0.98 for G/C), and control 

group (P = 0.98 for Gly482Ser, and P = 0.96 for G/C). The PPARGC1A 

Gly482Ser allele frequency and genotype distribution of the whole cohort of 

athletes differed from the control group (Table 1). The endurance athletes' 

genotype distribution percentage of the PPARGC1A Gly482Ser genotype 

differed markedly from that of the sprinters, and the control group, as 

presented in Table 2. However, the sprinters' genotype distribution 

percentage was similar to that of the control group (Χ2 = 3.96, d.f=2, p=0.13). 

Allele frequency in the endurance group was significantly different than that in 

the controls (Table 2). Nevertheless, allele frequency of the endurance group 

and the sprinters did not reach significant difference (Χ2 = 3.4, d.f=1, p=0.07). 

We observed a significantly lower proportion of Ser/Ser genotype among 

endurance athletes (0%) in comparison with the sprinters (17%, Χ2 = 5.82, 

d.f=1, p=0.016) and controls (16.3%, Χ2 = 6.34, d.f=1, p=0.012). The 

endurance athletes' genotype distribution percentage and allele frequencies of 

the PPARα G/C polymorphism did not differ from those of sprinters and 

controls, as shown in Table 2. However, a trend of a higher yet not a 
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significant proportion of the PPARα GG genotype was noted in endurance 

athletes (10%) compared with the sprinters (1%, Χ2 = 3.8, d.f=1, p=0.051). 

As shown in Table 4, the comparisons of genotype and allele 

frequencies for PPARGC1A revealed significant differences between the 

subgroups of top-level endurance athletes vs. top-level sprinters, as well as 

between top-level vs. national level endurance athletes. However, no difference 

in genotype distribution (Χ2 = 1.5, d.f=2, P=0.47) and allele frequencies (Χ2 = 

1.56, d.f=1, P=0.21) was noted between top-level and national level sprinters. 

PPARα GG genotype was more prevalent in the group of top-level endurance 

athletes (20%) than in the national level endurance athletes, although it did not 

reach statistical significance (Χ2 = 3.46, d.f=1, P=0.06).  

 

Discussion 

Our main findings are the low levels of PPARGC1A Ser482 allele, and the 

PPARGC1A Ser/Ser genotype among the Israeli endurance athletes. These 

findings are interesting and fairly unique, given the fact that this is one of the 

few studies comparing between sedentary controls and "extreme" phenotypes 

(endurance athletes and sprinters).  

Our study demonstrated a significant difference in the PPARGC1A 

Ser482Ser genotype between the group of endurance athletes and sprinters. 

Thus, a trade off between endurance and sprint performance traits seems 

plausible, since none of the elite endurance athletes harbored the Ser482Ser 

genotype, as opposed to 13% of the elite sprinters. Interestingly, as we 

decided to compare the frequency distribution of the above SNPs between 
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elite athletes of sports with different demands (endurance vs. sprinters) and 

competitive levels (top-level vs. national level), our results were more 

significant, indicating that the Gly482Ser SNP may be an important genetic 

factor in determining top-level aerobic performance. 

 It seems that PPARGC1A and PPARα mRNA and/or protein increase 

fatty acid metabolism, and thus play an important role in the control of fatty 

acid oxidation. PPARGC1A and PPARα mRNA and/or protein are expressed 

in high levels mainly in cells with abundant mitochondria and, consequently, 

with a predominant oxidative metabolism as during endurance performance 

(Liang & Ward, 2006) PPARGC1A modulates muscle oxidative capacity, 

primarily via the coactivation of nuclear respiratory factors (NRF-1 and NRF-

2), cytochrome-c oxidase 4 (COX4), mitochondrial transcription factor A 

(Tfam), and other proteins required for mitochondrial function which induce 

mitochondrial biogenesis (Wang et al., 2004).  

 Connecting these data with muscle function, Pilegaard et al. (2003) and 

recently Mathai et al. (2008) demonstrated that a single bout of prolonged 

endurance exercise induces a marked increase in transcription and mRNA 

content of PPARGC1A in skeletal muscle, which peaks within the first 2 h 

after exercise. Studies also showed that both animals (Baar et al., 2002; 

Terada et al., 2002; Terada & Tabata, 2004;) and humans (Russell et al., 

2003; Short et al., 2003; Norrbom et al., 2004) increase PPARGC1A mRNA 

levels as a response to chronic endurance exercise training, whereas 

PPARGC1A protein controls muscle plasticity, suppresses a broad 
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inflammatory response, and mediates the beneficial effects of exercise 

(reviewed by Handschin & Spiegelman, 2008).  

  The expression level of PPARα has been shown to be higher in type І 

(slow twitch) than in type ІІ (fast twitch) muscle fibers, when homozygotes for 

the G allele of the PPARα G/C polymorphism had a significantly higher 

percentage of slow-twitch fibers (Ahmetov et al., 2006). These accumulating 

findings are notable since they suggest that the expression levels of 

PPARGC1A and PPARα may be genotype-dependent. Keeping in mind that 

the muscle phenotype of endurance runners is mainly composed of type I 

muscle fibers with a high mitochondrial density and size enables their reliance 

mainly on mitochondrial oxidation of free fatty acids and carbohydrates. 

Therefore, we assume that the expressed levels of PPARGC1A and PPARα 

will influence ability of the muscles to achieve the required phenotype as 

previosly suggested (Russell et al., 2003; Short et al., 2003; Norrbom et al., 

2004). 

 Both PPARα intron 7 G/C and PPARGC1A Gly482Ser SNPs studied in 

the present study have been associated with improved aerobic performance 

(Ahmetov et al., 2006; Lucia et al., 2005). In addition, the present study is in 

agreement with those previous reports (Lucia et al., 2005; Ahmetov et al., 

2006) regarding the positive role of the Gly482Ser and the G/C SNPs with 

endurance performance, and disagrees with others (Stumvoll et al., 2004; He 

et al., 2008). The discrepancy between the present study and those of 

Stumvoll et al., (2004) and He et al., (2008) may be due to different study 

populations and methods. .  

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Handschin%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Spiegelman%20BM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
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 In conclusion, our data indicate that a lower frequency of the 

PPARGC1A Ser482 allele and possibly a higher frequency of the PPARα GG 

genotype are associated with top-level endurance athletes, and further 

support the notion that increased PPARGC1A and PPARα mRNA and/or 

protein activity may be advantageous to the performance of endurance-type 

athletes. In addition, data suggest that the above SNPs may belong to a 

group of several genetic variations that influence top-level endurance 

performance 

Perspectives 

The process of talent identification could, in principle, be revolutionized by the 

discovery of genetic variants that strongly influence athletic performance 

(MacArthur & North, 2005), primarily at the top level. However, there is still no 

evidence that any of the genetic variants that were previously investigated 

have substantial value in the prediction of potential top-level athletes. One 

rationale for this study was the understanding of the importance and influence 

that genome factors such as PPARGC1A and PPARα have on athletic 

performance. It seems that further investigation is needed on top athletes at 

the Olympic level among different ethnic groups in order to clarify the potential 

role of both the Gly482Ser and the G/C polymorphisms in determining 

endurance and sprint ability.  

 

 

 

 



 13 

References 

Ahmetov II, Mozhayskaya IA, Flavell DM, Astratenkova IV, Komkova AI, 

Lyubaeva EV, Tarakin PP, Shenkman BS, Vdovina AB, Netreba AI, 

Popov DV, Vinogradova OL, Montgomery HE, Rogozkin VA. PPAR-

alpha gene variation and physical performance in Russian athletes. Eur 

J Appl Physiol 2006: 97: 103-108.  

Amir O, Amir R, Yamin C, Attias A, Eynon N, Sagiv M, Sagiv M, Meckel Y. 

The ACE deletion allele is associated with Israeli elite endurance 

athletes. Exp Physiol 2007: 92: 881-886. 

Attie AD, Kendziorski CM. PGC-1 alpha at the crossroads of type 2 diabetes. 

Nat Genet 2003: 34: 244-245. 

Baar K, Wende AR, Jones TE, Marison M, Nolte LA, Chen M, Kelly DP, 

Holloszy JO. Adaptations of skeletal muscle to exercise: rapid increase 

in the transcriptional coactivator PGC-1. FASEB J 2002: 16: 1879-

1886.  

Braissant O, Foufelle F, Scotto C, Dauca M, Wahli W. Differential expression 

of peroxisome proliferator-activated receptors (PPARs). Tissue 

distribution of PPAR- alpha, -beta, and –gamma in the adult rat.  

Endocrinology 1996: 137: 354-366. 

Chanock SJ, Manolio T, Boehnke M, Boerwinkle E, Hunter DJ, Thomas G, 

Hirschhorn JN, Abecasis G, Altshuler D, Bailey-Wilson JE, Brooks LD, 

Cardon LR, Daly M, Donnelly P, Fraumeni JF Jr, Freimer NB, Gerhard 

DS, Gunter C, Guttmacher AE, Guyer MS, Harris EL, Hoh J, Hoover R, 

Kong CA, Merikangas KR, Morton CC, Palmer LJ, Phimister EG, Rice 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ahmetov%20II%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Mozhayskaya%20IA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Flavell%20DM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Astratenkova%20IV%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Komkova%20AI%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lyubaeva%20EV%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tarakin%20PP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Shenkman%20BS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Vdovina%20AB%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Netreba%20AI%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Popov%20DV%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Vinogradova%20OL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Montgomery%20HE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Rogozkin%20VA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Baar%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wende%20AR%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Jones%20TE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Marison%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Nolte%20LA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Chen%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kelly%20DP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Holloszy%20JO%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'FASEB%20J.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Chanock%20SJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Manolio%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Boehnke%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Boerwinkle%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hunter%20DJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Thomas%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hirschhorn%20JN%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Abecasis%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Altshuler%20D%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Bailey-Wilson%20JE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Brooks%20LD%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Cardon%20LR%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Daly%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Donnelly%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Fraumeni%20JF%20Jr%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Freimer%20NB%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Gerhard%20DS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Gerhard%20DS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Gunter%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Guttmacher%20AE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Guyer%20MS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Harris%20EL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hoh%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hoover%20R%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kong%20CA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Merikangas%20KR%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Morton%20CC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Palmer%20LJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Phimister%20EG%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Rice%20JP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus


 14 

JP, Roberts J, Rotimi C, Tucker MA, Vogan KJ, Wacholder S, Wijsman 

EM, Winn DM, Collins FS. Replicating genotype-phenotype 

associations. Nature 2007: 447: 655-660. 

Ek J, Andersen G, Urhammer SA, Gaede PH, Drivsholm T, Borch-Johnsen K, 

Hansen T, Pedersen O. Mutation analysis of peroxisome proliferator-

activated receptor-gamma coactivator-1 (PGC-1) and relationships of 

identified amino acid polymorphisms to Type-ΙΙ diabetes mellitus. 

Diabetologia 2001: 44: 2220-2226. 

Flavell DM, Pineda Torra I, Jamshidi Y, Evans D, Diamond JR, Elkeles RS, 

Bujac SR, Miller G, Talmud PJ, Staels B, Humphries SE. Variation in 

the PPAR-alpha gene is associated with altered function in vitro and 

plasma lipid concentrations in Type II diabetic subjects. Diabetologia 

2000: 43: 673-680. 

Flavell DM, Jamshidi Y, Hawe E, Pineda Torra I, Taskinen MR, Frick MH, 

Nieminen MS, Kesäniemi YA, Pasternack A, Staels B, Miller G, 

Humphries SE, Talmud PJ, Syvänne M. Peroxisome proliferator-

activated receptor alpha gene variants influence progression of 

coronary atherosclerosis and risk of coronary artery disease. 

Circulation 2002: 105: 1440-1445. 

Franks PW, Barroso I, Luan J, Ekelund U, Crowley VE, Brage S, Sandhu MS, 

Jakes RW, Middelberg RP, Harding AH, Schafer AJ, O'Rahilly S, 

Wareham NJ. PGC-1alpha genotype modifies the association of 

volitional energy expenditure with VO2max. Med Sci Sports Exerc 

2003: 35: 1998-2004. 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Rice%20JP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Roberts%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Rotimi%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tucker%20MA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Vogan%20KJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wacholder%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wijsman%20EM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wijsman%20EM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Winn%20DM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Collins%20FS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Nature.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Flavell%20DM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Pineda%20Torra%20I%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Jamshidi%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Evans%20D%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Diamond%20JR%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Elkeles%20RS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Bujac%20SR%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Miller%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Talmud%20PJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Staels%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Humphries%20SE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Flavell%20DM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Jamshidi%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hawe%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Pineda%20Torra%20I%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Taskinen%20MR%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Frick%20MH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Nieminen%20MS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kes%C3%A4niemi%20YA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Pasternack%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Staels%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Miller%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Humphries%20SE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Talmud%20PJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Syv%C3%A4nne%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Franks%20PW%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Barroso%20I%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Luan%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ekelund%20U%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Crowley%20VE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Brage%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Sandhu%20MS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Jakes%20RW%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Middelberg%20RP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Harding%20AH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Schafer%20AJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22O'Rahilly%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wareham%20NJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Med%20Sci%20Sports%20Exerc.');


 15 

Gonzalez-Freire M, Santiago C, Verde Z, Lao JI, Oiivan J, Gómez-Gallego F, 

Lucia A. Unique among unique. Is it genetically determined? Br J 

Sports Med doi:10.1136/bjsm.2008.049809. 

Handschin C, Spiegelman BM. The role of exercise and PGC1alpha in 

inflammation and chronic disease. Nature 2008: 454: 463-469. 

Hara K, Tobe K, Okada T, Kadowaki H, Akanuma Y, Ito C, Kimura S, 

Kadowaki T. A genetic variation in the PGC-1 gene could confer insulin 

resistance and susceptibility to Type-ΙΙ diabetes. Diabetologia 2002: 45: 

740-743. 

He Z, Hu Y, Feng L, Bao D, Wang L, Li Y, Wang J, Liu G, Xi Y, Wen L, Lucia 

A. Is there an association between PPARGC1A genotypes and 

endurance capacity in Chinese men? Scand J Med Sci Sports 2008: 

18: 195-204. 

Jamshidi Y, Montgomery HE, Hense HW, Myerson SG, Torra IP, Staels B, 

World MJ, Doering A, Erdmann J, Hengstenberg C, Humphries SE, 

Schunkert H, Flavell DM. Peroxisome proliferator-activated receptor 

alpha gene regulates left ventricular growth in response to exercise and 

hypertension. Circulation 2002: 105: 950-955. 

Kim JH, Shin HD, Park BL, Cho YM, Kim SY, Lee HK, Park KS. Peroxisome 

proliferator-activated receptor gamma coactivator 1 alpha promoter 

polymorphisms are associated with early-onset type 2 diabetes mellitus 

in the Korean population. Diabetologia 2005: 48: 1323-1330. 

Kunej T, Petrovic MG, Dovac P, Peterlin B, Petrovic D. A Gly482Ser 

polymorphism of the peroxisome proliferator-activated receptor-gamma 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Gonzalez-Freire%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Santiago%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Verde%20Z%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lao%20JI%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Oiivan%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22G%C3%B3mez-Gallego%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lucia%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Handschin%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Spiegelman%20BM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22He%20Z%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hu%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Feng%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Bao%20D%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wang%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Li%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wang%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Liu%20G%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Xi%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wen%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lucia%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lucia%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Scand%20J%20Med%20Sci%20Sports.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Jamshidi%20Y%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Montgomery%20HE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hense%20HW%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Myerson%20SG%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Torra%20IP%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Staels%20B%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22World%20MJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Doering%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Erdmann%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Hengstenberg%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Humphries%20SE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Schunkert%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Flavell%20DM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kim%20JH%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Shin%20HD%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Park%20BL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Cho%20YM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kim%20SY%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Lee%20HK%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Park%20KS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Diabetologia.');


 16 

coactivator-1 (PGC-1) gene is associated with type 2 diabetes in 

Caucasians. Folia Biol (Praha) 2004: 50: 157-158.  

Liang H, Ward WF. PGC-1α: A key regulator of energy metabolism. Adv 

Physiol Educ 2006: 30: 145-151. 

Lin J, Wu H, Tarr PT, Zhang CY, Wu Z, Boss O, Michael LF, Puigserver P, 

Isotani E, Olson EN, Lowell BB, Basel-Duby R, Spiegelman BM. 

Transcriptional co-activatior PGC-1 alpha drives the formation of slow-

twitch muscle fibers. Nature 2002: 418: 797-801. 

Ling C, Poulsen P, Carlsson E, Ridderstråle M, Almgren P, Wojtaszewski J, 

Beck-Nielsen H, Groop L, Vaag A. Multiple environmental and genetic 

factors influence skeletal muscle PGC-1alpha and PGC-1beta gene 

expression in twins. J Clin Invest 2004: 114: 1414-1417. 

Lucia A, Gomez-Gallego F, Barroso I, Rabadan M, Banderas F, San Juan AF, 

Chicharro JL, Ekelund U, Brage S, Earnest CP, Wareham NJ, Franks 

PW. PPARGC1A genotype (Gly482Ser) predicts exceptional 

endurance capacity in European men. J Appl Physiol 2005: 99: 344-

348. 

MacArthur DG, North KN. Genes and human elite athletic 

performance. Hum Genet 2005: 116: 331-339. 

Mathai AS, Bonen A, Benton CR, Robinson DL, Graham TE. Rapid exercise-

induced changes in PGC-1{alpha} mRNA and protein in human skeletal 

muscle. J Appl Physiol DOI: 10.1152/japplphysiol.00847.2008 

Muller YL, Bogardus C, Pedersen O, Baier L. The Gly482Ser missense 

mutation in the peroxisome proliferator-activated receptor-gamma 

javascript:AL_get(this,%20'jour',%20'Folia%20Biol%20(Praha).');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ling%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Poulsen%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Carlsson%20E%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ridderstr%C3%A5le%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Almgren%20P%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wojtaszewski%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Beck-Nielsen%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Groop%20L%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Vaag%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/pubmed/15545992?ordinalpos=1&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Mathai%20AS%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Bonen%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Benton%20CR%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Robinson%20DL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Graham%20TE%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus


 17 

coactivator-1 is associated with altered lipid oxidation and early insulin 

secretion in Pima Indians. Diabetes 2003: 52: 895-898.  

Norrbom J, Sundberg CJ, Ameln H, Kraus WE, Jansson E, Gustafsson T. 

PGC-1 alpha mRNA expression is influenced by metabolic perturbation 

in exercising human skeletal muscle. J Appl Physiol 2004: 96: 189-194. 

Pilegaard H, Saltin B, Neufer PD. Exercise induces transient transcriptional 

activation of the PGC-1 alpha gene in human skeletal muscle. J Physiol 

2003: 546: 851-858. 

Rankinen T, Bray MS, Hagberg JM, Perusse L, Roth SM, Wolfarth B, 

Bouchard C. The human gene map for performance and health-related 

fitness phenotypes: The 2005 update. Med Sci Sports Exerc 2006: 38: 

1863-1888. 

Russell AP, Feilchenfeldt J, Schreiber S, Praz M, Crettenand A, Gobelet C, 

Meier CA, Bell DR, Kralli A, Giacobino JP, Deriaz O. Endurance 

training in humans leads to fiber type-specific increases in levels of 

peroxisome proliferator-activated receptor-gamma coactivator-1 and 

peroxisome proliferator-activated receptor-alpha in skeletal muscle. 

Diabetes 2003: 52: 2874-2881. 

Sambrook, J, Fritsch EF, Maniatis T. Molecular Cloning. Cold Spring Harbor, 

NY: Cold Spring Harbor Press, 1989.  

Short KR, Vittone JL, Bigelow ML, Proctor DN, Rizza RA, Coenen-Schimke 

JM, Nair KS. Impact of aerobic exercise training on age-related 

changes in insulin sensitivity and muscle oxidative capacity. Diabetes 

2003: 52: 1888-1896. 



 18 

Stumvoll M, Fritsche A, t'Hart LM, Machann J, Thamer C, Tschritter O, Van 

Haeften TW, Jacob S, Dekker JM, Maassen JA, Machicao F, Schick F, 

Heine RJ, Häring H. The Gly482Ser variant in the peroxisome 

proliferator-activated receptor gamma coactivator-1 is not associated 

with diabetes-related traits in non-diabetic German and Dutch 

populations. Exp Clin Endocrinol Diabetes 2004: 112: 253-257.  

Terada S, Goto M, Kato M, Kawanaka K, Shimokawa T, Tabata I. Effects of 

low-intensity prolonged exercise on PGC-1 mRNA expression in rat 

epitrochlearis muscle. Biochem Biophys Res Commun 2002: 296: 350-

354.  

Terada S, Tabata I. Effects of acute bouts of running and swimming exercise 

on PGC-1alpha protein expression in rat epitrochlearis and soleus 

muscle. Am J Physiol Endocrinol Metab 2004: 286: E208- E216. 

Tunstall RJ, Mehan KA, Wadley GD, Collier GR, Bonen A, Hargreaves M, 

Cameron-Smith D. Exercise training increases lipid metabolism gene 

expression in human skeletal muscle. Am J Physiol Endocrinol Metab 

2002: 283: E66-E72. 

Wang YX, Zhang CL, Yu RT, Cho HK, Nelson MC, Bayuga-Ocampo CR, Ham 

J, Kang H, Evans RM. Regulation of muscle fiber type and running 

endurance by PPARdelta. PLoS Biol 2004: 2: 1532-1539. 

 

 

 

 

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Stumvoll%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Fritsche%20A%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22t'Hart%20LM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Machann%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Thamer%20C%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tschritter%20O%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Van%20Haeften%20TW%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Van%20Haeften%20TW%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Jacob%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Dekker%20JM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Maassen%20JA%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Machicao%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Schick%20F%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Heine%20RJ%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22H%C3%A4ring%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Exp%20Clin%20Endocrinol%20Diabetes.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Terada%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Goto%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kato%20M%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kawanaka%20K%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Shimokawa%20T%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tabata%20I%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Terada%20S%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Tabata%20I%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'Am%20J%20Physiol%20Endocrinol%20Metab.');
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Wang%20YX%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Zhang%20CL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Yu%20RT%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Cho%20HK%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Nelson%20MC%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Bayuga-Ocampo%20CR%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ham%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Ham%20J%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Kang%20H%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Evans%20RM%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DiscoveryPanel.Pubmed_RVAbstractPlus
javascript:AL_get(this,%20'jour',%20'PLoS%20Biol.');


 19 

Table 1. Genotype and allele frequencies of PPARGC1A Gly482Ser and PPARα G/C 

polymorphisms with gender and age. Values are absolute and relative frequencies (in 

parentheses). Χ2 and P values correspond to gender comparisons in genotype and 

allele frequencies. 

 

                                                   Genotype                                                                Allele frequencies 
                                                                                                                                   

 

PPARGC1A  n Gly/Gly Gly/Ser Ser/Ser Χ
2 
 P   Allele Gly482 Allele Ser482 Χ

2 
 P 

 Athletes           

All  155 72 (46) * 73 (47) * 10 (7) *   217 (0.70) $ 93 (0.30) $   

Male  119 58 (49) 55 (46) 6 (5) 1.18 0.55 171 (0.72) 67 (0.28) 1.31 0.25 

Female  36 14 (39) 18 (50) 4 (11)   46 (0.64) 26 (0.36)   

Age  34.9+12 34.9+12 36.9+12       

Controls           

All  240 79 (33) 117 (49) 44 (18)   275 (0.57) 205 (0.43)   

Male  170 60 (35) 78 (46) 32 (19) 1.57 0.45 198 (0.58) 142 (0.42) 0.3 0.58 

Female  70 19 (27) 39 (56) 12 (17)   77 (0.55) 63 (0.45)   

Age  26+3 25+3 27+3       

PPAR-α   GG GC CC     Allele G Allele C     

 Athletes           

All  155 8 (5) 43 (28) 104 (67)   59 (0.19) 251 (0.81)   

Male  119 7 (6) 34 (29) 78 (65) 0.22 0.9 48 (0.20) 190 (0.80) 0.57 0.45 

Female  36 1 (3) 9 (25) 26 (72)   11 (0.15) 61 (0.85)   

Age  34.9+12 34.9+12 36.9+12       

Controls           

All  240 10 (4) 67 (28) 163 (68)   87 (0.18) 393 (0.82)   

Male  170 8 (5) 48 (28) 114 (67) 0.11 0.95 64 (0.19) 276 (0.81) 0.38 0.54 

Female  70 2 (3) 19 (27) 49 (70)   23 (0.16) 117 (0.84)   

Age   26+3 25+3 27+3             

 

* Χ2 =14.3, d.f=2, P=0.0008 for genotype frequencies in athletes vs. controls 

$ Χ2 = 12.9, d.f=1, P=0.0003 for allele frequency in athletes vs. controls 
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Table 2. The PPARGC1A Gly482Ser and PPARα G/C genotype and allele frequencies 

in all groups 

 

                                                                                      
                                                                                Genotype                                          Allele frequencies 
                                                                                                                    

PPARGC1A Athlete groups n Gly/Gly Gly/Ser Ser/Ser  Allele Gly482 Allele Ser482 

        

 Endurance  74 37 (50)*† 37 (50)*† 0 (0)*†  111 (0.75) $ 37 (0.25) $  

 Sprinters 81 35 (43) 36 (44) 10 (13) 106 (0.65) 56 (0.35) 

 Control 240 79 (33) 117 (49) 44 (18) 275 (0.57) 205 (0.43) 

PPAR-α  Athlete groups   GG GC CC Allele G Allele C 

 Endurance  74 7 (10) 21 (28) 46(62) 35 (0.24) 113 (0.76) 

 Sprinters 81 1 (1) 22 (27) 58 (72) 24 (0.15) 138 (0.85) 

 Control 240 10 (4) 67 (28) 163 (68) 87 (0.18) 393 (0.82) 

 

* Χ2 = 16.04, d.f=2, p=0.0003 for genotype frequencies in endurance athletes vs. 

controls  

† Χ2 = 10.6, d.f=2, p=0.005 for genotype frequencies in endurance athletes vs. 

sprinters 

$ Χ2 = 14.48, d.f=1, p=0.0001 for allele frequency in endurance athletes vs. 

controls 
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Table 3. The PPARGC1A Gly482Ser and PPARα G/C genotype and allele frequencies 

in athletes divided by subgroups  

 

                                                                                                  Genotype                                      Allele frequencies 
                                                                                                                                                    

  

Athlete 

groups 

Competitive 

level n Gly/Gly Gly/Ser Ser/Ser Allele Gly482 Allele Ser482 

 Endurance Top-level 20 15  (75) & 5  (25) &  0 (0) & 35 (0.87) ‡ 5 (0.13) ‡ 

PPARGC1A  National level 54 22 (41) 32 (69) 0 (0) 72 (0.67) 36 (0.33) 

 Sprinters Top-level 26 8 (31) 14 (54) 4 (15) 30 (0.58) 22 (0.42) 

  National level 55 27 (49) 22 (40) 6 (11) 76 (0.69) 34 (0.31) 

        GG GC CC Allele G Allele C 

 Endurance Top-level 20 4 (20) 4 (20) 12 (60) 12 (0.30) 28 (0.70) 

PPAR-α  National level 54 3 (6) 17 (31) 34 (63) 23 (0.21) 85 (0.79) 

 Sprinters Top-level 26 0 (0) 11 (42) 15 (58) 11 (0.21) 41 (0.79) 

    National level 55 1 (2) 11 (20) 43 (78) 13 (0.12) 97 (0.88) 

 

& Χ2 = 5.55, d.f=1, P=0.018 for genotype frequencies in top-level vs. national level 

endurance athletes 

‡ Χ2 = 5.38, d.f=1, P=0.02 for allele frequencies in top-level vs. national level 

endurance athletes 

 

 

 


