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1. Introduction

�Heartbeat time series 

τn  is the nth interbeat interval
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�Different scaling patterns in health and disease
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2. Long-Range Anticorrelations and Non-Gaussian           

Behavior of the Heartbeat Peng et al.,

Phys Rev. Lett. 70, 1343 (1993)

�Heartbeat time series {τ
n
, n =1,2,...,L}

τn  is the nth interbeat interval
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�Different scaling patterns 
in health and disease
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Like the magnitude of 

the distance traveled 

in, e.g. a random walk
of n steps

 

For a random walk, 
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3. Scaling and Self Similarity

�Magnifying a picture

�Rescaling the probability distribution

Magnification factors

     M vertical
, M horizontal

Scaling relation

M vertical
= M horizontal( )

α

log M vertical
= α log M horizontal
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4. Complex Patterns of Abnormal Heartbeats
Schulte-Frohlinde et al.,

Phys Rev. E  66, 031901  (2002)�Ventricular beat mechanisms
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�Reentry

�Triggered activity (S-V nerve crosstalk)

�Independent spontaneous pacemaker for ventricular beats
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5. Summary

�We have described a statistical data analysis 
method called detrended fluctuation analysis 

that has been developed by collaboration of 

cardiologists, physicists, and others.

�This was done using the high-level 
programming language Mathematica that 

allows easy graphical presentation of 
intermediate results.

�Copies of the notebooks and files that you 
have been working with may be taken now and 

will be available on the web site.



June 7, 2007June 7, 2007 Summit on Systems Biology 2007Summit on Systems Biology 2007

5. References

1. C.-K. Peng , J. Mietus, J. M. Hausdorff, S. Havlin, H. E. Stanley, and A. L. Goldberger,  
Phys Rev. Lett. 70, 1343 (1993). 

2. C.-K. Peng, S. Halin, H. E. Stanley, and A. L. Goldberger, Chaos 5, 82 (1995).
3. L. A. N. Amaral, A. L. Goldberger, P. Ch. Ivanov, and H. E. Stanley, Phys. Rev. Lett. 

81, 2388 (1998).   
4. Y. Ashkenazy, P. Ch. Ivanov, S. Havlin, C.-K. Peng, A. L. Goldberger, and H. E. 

Stanley, Phys. Rev. Lett. 86, 1900  (2001).  
5. L. A. N. Amaral, P. Ch. Ivanov, N. Aoyagi, I. Hikada, S. Tomono, A. L. Goldberger ,  H. 

E. Stanley, and Y. Yamamoto,  Phys. Rev. Lett. 86, 6026  (2001).   
6. V. Schulte-Frohlinde, Y. Ashkenazy, P. Ch. Ivanov,  L. Glass, A. l. Goldberger, and  H. 

E. Stanley, Phys. Rev. Lett. 87, 068104  (2001)
7. P. Bernaolo-Galvan, P. Ch. Ivanov, L. A. N. Amaral, and  H. E. Stanley, Phys. Rev.

Lett. 87, 168105 (2001).  
8. J. W. Kantelhardt, Y. Ashkenazy, P. Ch. Ivanov,  A. Bunde, S. Havlin, T. Penzel,  J.-H. 

Peter, and H. E. Stanley, Phys. Rev. E 65, 051908 (2002).  
9. K. Kotani, K. Takmasu, Y. Ashkenazy, H. E. Stanley, and Y. Yamamoto, Phys. Rev. E 

65, 051923  (2002).  
10. V. Schulte-Frohlinde, Y. Ashkenazy,  A. l. Goldberger, P. Ch. Ivanov, M. Costa, A. 

Morley-Davis, H. E. Stanley, and L. Glass, Phys. Rev. E 66, 031901 (2002)
11. J. W. Kantelhardt, S. A. Zschiegner, E. Koscielny-Bunde, S. Havlin, A. Bunde, H. E. 

Stanley, Physica A 316, 87 (2002).



June 7, 2007June 7, 2007 Summit on Systems Biology 2007Summit on Systems Biology 2007

5. References (cont.)

12. A. L. Goldberger, L. A. N. Amaral, J. M. Hausdorff, P. C. Ivanov, C.-K. Peng, and H. E. 
Stanley, Proc. Nat. Acad. Sci. 99, 2466 (2002).

13. K. Kiyono, Z. R. Struzik, N. Aoyagi, S. Sakata, J. Hayano, H. E. Stanley, and Y. 
Yamamoto, Phys. Rev. Lett. 93, 178103  (2004).

14. M. Costa, A. L. Goldberger, and C.-K. Peng, Phys. Rev. Lett. 95,198102 (2005).
15. K. Kotani, Z. R. Struzik, K. Takmasu, H. E. Stanley, and Y. Yamamoto, Phys. Rev. E 

72, 041904  (2005).
16. Goldberger AL, Amaral LAN, Glass L, Hausdorff JM, Ivanov PCh, Mark RG, Mietus JE, 

Moody GB, Peng C-K, Stanley HE. PhysioBank, PhysioToolkit, and PhysioNet: 
Components of a New Research Resource for Complex Physiologic Signals. Circulation

101(23):e215-e220 [Circulation Electronic Pages; 
http://circ.ahajournals.org/cgi/content/full/101/23/e215]; 2000 (June 13)  
<http://www.physionet.org/tutorials/fmnc/index.shtml>

17. Mathematica Player can be downloaded for free at:
http://www.wolfram.com/products/player/


