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Introduction
Klotho gene expression in positively influenced by different 

exercise modalities acting as an epigenetic influencer [1], 
resulting in increased work capacity, performance, and lifespan, 
and decreased aging in healthy and diseased populations [2-4]. 
As is the case with exercise, positive adaptations decrease and 
diminish with time if exercise training is not maintained.

S-Klotho
Klotho is a transmembrane protein that provides some 

control over the sensitivity of the organism to Insulin and 
appears to be involved in aging [5]. Age-related declines are 
manifest by a decreased ability for aged skeletal muscle to 
respond to physiological stimuli such as muscle loading or 
acute injury, and disease related effects [6-10]. 

IGF-I
IGF-I is critical for normal body growth, development and 

maintenance, and has important roles in multiple biological 
systems [11,12]. A variety of cellular responses are induced 
by IGF-I, including cell proliferation, differentiation, migration 
and survival [13,14]. These cellular responses have implicated 
IGF-I in several conditions such as the pathophysiology of 
several cancers [15], or the mitogenic and myogenic processes 
during muscle development, regeneration or hypertrophy, 
since, unlike other growth factors, IGF-I acts as both a mitogen 
and a differentiation factor [16]. 

Deficiency of IGF-I in skeletal muscle may contribute to 
Sarcopenia by severely impacting protein synthesis. IGF-I has  
anabolic effects on muscle protein content by inhibiting protein  

 
degradation and promoting Myogenesis. Indirect data have 
supported the concept that IGF-I may be atherogenetic because 
it can induce vascular smooth muscle cell proliferation in vitro 
[17]. Thus, IGF-I has been considered a promoter of arterial 
obstructive lesions [18].

The Influence of Exercise Modalities on S-Klotho and 
IGF-I

Regular aerobic exercise participation promotes health 
and disease prevention [19]. Endurance exercise like biking, 
walking, swimming and running, appear to benefit longer life 
expectancy than anaerobic exercise like power lifting [20]. 
It has been suggested that circulating Klotho levels are up 
regulated in response to an acute exercise bout, but that the 
response may be dependent on fitness level [21-24].

Compared to sedentary young and old subjects, in the 
elite well aerobic trained young runners and master athletes 
s-Klotho levels are markedly elevated while, IGF-I levels were 
decreased [25]. IGF-I is generally thought to be associated 
with anabolism and wellbeing [26], yet, signaling through 
IGF-I and Insulin receptors is negatively related to adults [27]. 
A meta-analysis study indicated that increased circulating 
concentrations of IGF-I are associated with increased risks for 
colorectal, prostate, and premenopausal breast cancers [28].

Several clinical studies have suggested that Klotho 
gene exerts strong cardio-protective effects. S-Klotho has 
been proposed as a key regulator of the development of 
cardiovascular disease. Associations between low levels of 
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s-Klotho and the occurrence and severity of cardiovascular 
disease have been reported, as well as a reduction of 
cardiovascular risk when levels were high [28]. This protein 
is related to the attenuation of vascular calcification as well as 
prevention of cardiac hypertrophy. 

Conclusion
Inflection of Klotho expression through aerobic exercise 

training represents an interesting relationship that may 
contribute to the explanation of the anti-aging and anti-CAD 
effects of long lasting aerobic activity. Accordingly, being 
a long lasting aerobically trained individual, is associated 
with decreased risk factors, increased s-Klotho that, clearly 
counteracts the action of IGF-I.

References
1. Ling C, Ronn T (2014) Epigenetic Adaptation to Regular Exercise in 

Humans. Drug Discov Today 19(7): 1015-1018.

2. Denham J, Marques FZ, O’Brien BJ, Charchar FJ (2014) Exercise: Putting 
Action into Our Epigenome. Sports Med 44(2): 189-209.

3. Bian A, Neyra JA, Zhan M, Hu MC (2015) Klotho, Stem Cells, and Aging. 
Clin Interv Aging 10: 1233-1243.

4. Matsubara T, Miyaki A, Akazawa N, Choi Y, Ra SG, et al. (2014) Aerobic 
Exercise Training Increases Plasma Klotho Levels and Reduces Arterial 
Stiffness in Postmenopausal Women. Am J Physiol Heart Circ Physiol 
306(3): H348-H355.

5. Kuro-o M, Matsumura Y, Aizawa H, Kawaguchi H, Suga T, et al. (1997) 
Mutation of the Mouse Klotho Gene Leads to a Syndrome Resembling 
Ageing. Nature 390(6655): 45-51.

6. Wang Y, Sun Z (2009) Current Understanding of Klotho. Ageing Res Rev 
8(1): 43-51.

7. Wang Y, Sun Z (2014) Antiaging Gene Klotho Regulates Endothelin-1 
Levels and Endothelin Receptor Subtype B Expression in Kidneys of 
Spontaneously Hypertensive Rats. J Hypertension 32(8): 1629-1636.

8. Xiao NM, Zhang YM, Zheng Q, Gu J (2004) Klotho is a Serum Factor 
Related to Human Aging. Chin Med J (Engl) 117(5): 742-747.

9. Huang CL (2010) Regulation of Ion Channels by Secreted Klotho: 
Mechanisms and Implications. Kidney Int 77(10): 855-860.

10. Liu BC, Yang LL, Lu XY, Song X, Li XC, et al. (2015) Lovastatin-Induced 
Phosphatidylinositol-4-Phosphate 5-Kinase Diffusion from Microvilli 
Stimulates ROMK Channels. J Am Soc Nephrol 26(7): 1576-1587.

11. Barton ER, Park S, James JK, Makarewich CA, Philippou A, et al. (2012) 
Deletion of Muscle GRP94 Impairs Both Muscle and Body Growth by 
Inhibiting Local IGF Production. FASEB J 26(9): 3691-3702.

12. Higashi Y, Sukhanov S, Anwar A, Shai SY, Delafontaine P (2012) Aging, 
Atherosclerosis, and IGF-I. J Gerontol A Biol Sci Med Sci 67(6): 6296-
639.

13. Kooijman R (2006) Regulation of Apoptosis by Insulin-Like Growth 
Factor (IGF)-I. Cytokine Growth Factor Rev 17(4): 305-323.

14. Werner H, Bruchim I (2009) The Insulin-Like Growth Factor-I Receptor 
as an Oncogene. Arch Physiol Biochem 115(2): 58-71.

15. Florini JR, Ewton DZ, Coolican SA (1996) Growth Hormone and the 
Insulin-Like Growth Factor System in Myogenesis. Endocr Rev 17(5): 
481-517.

16. Piovezan RD, Abucham J, Dos Santos RV, Mello MT, Tufik S, et al. (2015) 
The Impact of Sleep on Age-Related Sarcopenia: Possible Connections 
and Clinical Implications. Ageing Res Rev 23(Pt B): 210-220.

17. Bayes-Genis A, Conover CA, Schwartz RS (2000) The Insulin-Like 
Growth Factor Axis: A Review of Atherosclerosis and Restenosis. Circ 
Res 86(2): 125-130.

18. Chodzko-Zajko WJ, Proctor DN, Fiatarone Singh MA, Minson CT, et al. 
(2009) American College of Sports Medicine Position Stand. Exercise 
and Physical Activity for Older Adults. Med Sci Sports Exerc 41(7): 
1510-1530.

19. Paffenbarger RS, Blair SN, Lee IM (2001) A History of Physical Activity, 
Cardiovascular Health and Longevity: The Scientific Contributions of 
Jeremy N Morris, DSc, DPH, FRCP. Int J Epidemiol 30(5): 1184-1192.

20. Schefer V, Talan MI (1996) Oxygen Consumption in Adult and AGED 
C57BL/6J Mice during Acute Treadmill Exercise of Different Intensity. 
Exp Gerontol 31(3): 387-392.

21. Phelps M, Pettan-Brewer C, Ladige, W, Yablonka-Reuveni Z (2013) 
Decline in Muscle Strength and Running Endurance in Klotho Deficient 
C57BL/6 Mice. Biogerontology 14(6): 729-739.

22. Saghiv M, Goldhammer E, Sagiv M, Ben Sira D (2015) Effects of Aerobic 
Exercise Training on S-Klotho in Young and Elderly. J J Physiology 1(1): 
1-6.

23. Lee EY, Kim SS, Lee JS, Kim IJ, Song SH, et al. (2014) Soluble α-Klotho as 
a Novel Biomarker in the Early Stage of Nephropathy in Patients with 
Type 2 Diabetes. Plos One 9(8): e102984. 

24. Bonnefoy M, Patricot MC, Lacour JR, Rahmani A, Berthouze S, et al. 
(2002) Relation Between Physical Activity, Muscle Function and IGF-I, 
Testosterone and DHEAS Concentrations in the Elderly. Rev Med 
Interne 23(10): 819-827.

25. Berryman DE, Christiansen JS, Johannsson G, Thorner MO, Kopchick JJ 
(2008) Role of the GH⁄ IGF-I Axis in Lifespan and Health Span: Lessons 
from Animal Models. Growth Horm IGF Res 18(6): 455-471.

26. Ahima RS, Prabakaran D, Mantzoros C, Qu D, Lowell B, et al. (1996) 
Role of Leptin in the Neuroendocrine Response to Fasting. Nature 
382(6588): 250-252.

27. Chateau MT, Araiz C, Descamps S, Galas S (2010) Klotho Interferes 
with a Novel FGF-Signaling Pathway and Insulin/IGF-Like Signaling to 
Improve Longevity and Stress Resistance in Caenorhabditis Elegans. 
Aging 2(9): 567-581.

28. Martín-Núñez E, Donate-Correa J, Muros-de-Fuentes M, Mora-
Fernández C, Navarro-González JF (2014) Implications of Klotho in 
Vascular Health and Disease. World J Cardiol 6(12): 1262-1269.

http://dx.doi.org/10.19080/JOCCT.2017.04.555636
http://dx.doi.org/10.19080/JOCCT.2017.04.555637
https://www.ncbi.nlm.nih.gov/pubmed/24632002
https://www.ncbi.nlm.nih.gov/pubmed/24632002
https://www.ncbi.nlm.nih.gov/pubmed/24163284
https://www.ncbi.nlm.nih.gov/pubmed/24163284
https://www.ncbi.nlm.nih.gov/pubmed/26346243
https://www.ncbi.nlm.nih.gov/pubmed/26346243
https://www.ncbi.nlm.nih.gov/pubmed/24322608
https://www.ncbi.nlm.nih.gov/pubmed/24322608
https://www.ncbi.nlm.nih.gov/pubmed/24322608
https://www.ncbi.nlm.nih.gov/pubmed/24322608
https://www.ncbi.nlm.nih.gov/pubmed/9363890
https://www.ncbi.nlm.nih.gov/pubmed/9363890
https://www.ncbi.nlm.nih.gov/pubmed/9363890
https://www.ncbi.nlm.nih.gov/pubmed/19022406
https://www.ncbi.nlm.nih.gov/pubmed/19022406
https://www.ncbi.nlm.nih.gov/pubmed/24979306
https://www.ncbi.nlm.nih.gov/pubmed/24979306
https://www.ncbi.nlm.nih.gov/pubmed/24979306
https://www.ncbi.nlm.nih.gov/pubmed/15161545
https://www.ncbi.nlm.nih.gov/pubmed/15161545
https://www.ncbi.nlm.nih.gov/pubmed/20375979
https://www.ncbi.nlm.nih.gov/pubmed/20375979
https://www.ncbi.nlm.nih.gov/pubmed/25349201
https://www.ncbi.nlm.nih.gov/pubmed/25349201
https://www.ncbi.nlm.nih.gov/pubmed/25349201
https://www.ncbi.nlm.nih.gov/pubmed/22649033
https://www.ncbi.nlm.nih.gov/pubmed/22649033
https://www.ncbi.nlm.nih.gov/pubmed/22649033
https://www.ncbi.nlm.nih.gov/pubmed/22491965/
https://www.ncbi.nlm.nih.gov/pubmed/22491965/
https://www.ncbi.nlm.nih.gov/pubmed/22491965/
https://www.ncbi.nlm.nih.gov/pubmed/16621671
https://www.ncbi.nlm.nih.gov/pubmed/16621671
https://www.ncbi.nlm.nih.gov/pubmed/19485702
https://www.ncbi.nlm.nih.gov/pubmed/19485702
https://www.ncbi.nlm.nih.gov/pubmed/8897022
https://www.ncbi.nlm.nih.gov/pubmed/8897022
https://www.ncbi.nlm.nih.gov/pubmed/8897022
https://www.ncbi.nlm.nih.gov/pubmed/26216211
https://www.ncbi.nlm.nih.gov/pubmed/26216211
https://www.ncbi.nlm.nih.gov/pubmed/26216211
https://www.ncbi.nlm.nih.gov/pubmed/10666406
https://www.ncbi.nlm.nih.gov/pubmed/10666406
https://www.ncbi.nlm.nih.gov/pubmed/10666406
https://www.ncbi.nlm.nih.gov/pubmed/19516148
https://www.ncbi.nlm.nih.gov/pubmed/19516148
https://www.ncbi.nlm.nih.gov/pubmed/19516148
https://www.ncbi.nlm.nih.gov/pubmed/19516148
https://www.ncbi.nlm.nih.gov/pubmed/11689543
https://www.ncbi.nlm.nih.gov/pubmed/11689543
https://www.ncbi.nlm.nih.gov/pubmed/11689543
https://www.ncbi.nlm.nih.gov/pubmed/9415121
https://www.ncbi.nlm.nih.gov/pubmed/9415121
https://www.ncbi.nlm.nih.gov/pubmed/9415121
https://www.ncbi.nlm.nih.gov/pubmed/24030242
https://www.ncbi.nlm.nih.gov/pubmed/24030242
https://www.ncbi.nlm.nih.gov/pubmed/24030242
http://physiology.jacobspublishers.com/images/Physiology/J_J_Physiology_1_1_001.pdf
http://physiology.jacobspublishers.com/images/Physiology/J_J_Physiology_1_1_001.pdf
http://physiology.jacobspublishers.com/images/Physiology/J_J_Physiology_1_1_001.pdf
https://www.ncbi.nlm.nih.gov/pubmed/25084095
https://www.ncbi.nlm.nih.gov/pubmed/25084095
https://www.ncbi.nlm.nih.gov/pubmed/25084095
https://www.ncbi.nlm.nih.gov/pubmed/12428484
https://www.ncbi.nlm.nih.gov/pubmed/12428484
https://www.ncbi.nlm.nih.gov/pubmed/12428484
https://www.ncbi.nlm.nih.gov/pubmed/12428484
https://www.ncbi.nlm.nih.gov/pubmed/18710818/
https://www.ncbi.nlm.nih.gov/pubmed/18710818/
https://www.ncbi.nlm.nih.gov/pubmed/18710818/
https://www.ncbi.nlm.nih.gov/pubmed/8717038
https://www.ncbi.nlm.nih.gov/pubmed/8717038
https://www.ncbi.nlm.nih.gov/pubmed/8717038
https://www.ncbi.nlm.nih.gov/pubmed/20844315
https://www.ncbi.nlm.nih.gov/pubmed/20844315
https://www.ncbi.nlm.nih.gov/pubmed/20844315
https://www.ncbi.nlm.nih.gov/pubmed/20844315
https://www.ncbi.nlm.nih.gov/pubmed/25548616
https://www.ncbi.nlm.nih.gov/pubmed/25548616
https://www.ncbi.nlm.nih.gov/pubmed/25548616


Journal of Cardiology & Cardiovascular Therapy

How to cite this article: Saghiv M. Circulating Soluble-Klotho and IGF-I Responses to Different Exercise Modalities in Young, Elderly and CAD Patients. 
J Cardiol & Cardiovasc Ther 2017; 4(3): 555637 . DOI: 10.19080/JOCCT.2017.04.555637003

Your next submission with Juniper Publishers    
      will reach you the below assets

• Quality Editorial service
• Swift Peer Review
• Reprints availability
• E-prints Service
• Manuscript Podcast for convenient understanding
• Global attainment for your research
• Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
• Unceasing customer service

                      Track the below URL for one-step submission 
               https://juniperpublishers.com/online-submission.php

This work is licensed under Creative
Commons Attribution 4.0 License
DOI: 10.19080/JOCCT.2017.04.555637

http://dx.doi.org/10.19080/JOCCT.2017.04.555637
https://juniperpublishers.com/online-submission.php
http://dx.doi.org/10.19080/JOCCT.2017.04.555637

	Title
	Keywords
	Introduction
	S-Klotho
	IGF-I
	The Influence of Exercise Modalities on S-Klotho and IGF-I
	Conclusion
	References

