P-vs-N

Estimate of the Metabolic Rate from Bicycle Ergometric Data

This article describes a procedure for obtaining an approximate value of a person's resting metabolic
rate by evaluating the data from a bicyle ergometric test of the subject.

Method

A detailed analysis of published data (1, 2) as well as of 56 individual exercise data sheets (3) (private
communications from T. Bourdin [Centre Cardiologique de la Maye, Versailles, France, 1997] and

H. Heck [LSt. f. Sportmedizin, Ruhr-Universitat, Bochum, Germany, 1998]) suggests that the increase
in heart rate P (in bpm) with increasing effort N (work rate or power, in Watt) follows the subsequent
relationship:
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where P is the resting heart rate. The parameter Ny (in Watt) seems to be a person's characteristic
feature and perhaps as essential as Py or blood pressure at rest. The term (N+Ng)/No in Eq.(1) is a
measure of the body's relative total effort, i.e. the power generated by cycling plus what is metabolically
needed to keep the body functioning.

The general idea of the present paper is, that Ny is closely related with the resting metabolic rate of the
subject. It might be an indication of physical and mental fitness.

The upshot is, that the numerical value of Ny can be calculated, using the least squares method on
Eq.(1) in order to find the curve that best fits to the set of data from an ergometric test:
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(where P; is the heart rate at work rate N;). Eq.(2) can be solved for Ny by the mathematical method of
successive approximation.

The procedure is equivalent to extrapolating the P-versus-N history to a hypothetical heart rate of Zero,
where N = -Ng. The resting pulse Py used in the calculation is essential, because it affects the result.

Result

The Diagram below shows the result of a representative computation, with the data from a test in which
the power level had been raised in steps of 30 Watt; the dotted line leading to N = -Ny has been added for
illustration. The values of Ng found in this manner seem to lie fairly well within the range of metabolic
rates as found by traditional methods.

Ready-to-use EXCEL-Progams for computing the values of N, from test data sets can be downloaded
from: www.gomeraflora.de/step15.xls, /step20.xls, and /step25.xls (for level steps of 15, 20, and 25 Watt).

The significance of Ny for diagnostics and prevention would have to be studied separately, as it might
reflect the test subject's current condition.

P (1/min)

References

1. Gleichmann U; in Anlauf M, Bock KE (eds): L
Blutdruck unter korperlicher Belastung. Darmstadt,
Steinkopff, 1984, p 64

2. Léligen H, Winter UJ, Erdmann E (eds): L

Ergometrie - Belastungsuntersuchungen in Klinik /

und Praxis. Berlin, Springer, 1995
3. Jager EH: On the Interrelation of Exercise Blood
Pressure and Heart Rate. Cardiology 1999; -N, B N (Watt)

92:196-203

Dr.phil. Ernst H. Jager, D-86529 Schrobenhausen, e-mail: ernst@gomeraflora.de




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts false
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 1
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /ArialMT
    /ArnoldBoecklin
    /Symbol
    /SymbolMT
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /VAGRound
    /Wingdings-Regular
  ]
  /NeverEmbed [ true
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /Description <<
    /ENU (Use these settings to create PDF documents suitable for reliable viewing and printing of business documents. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /DEU <FEFF00420075006300680074006500780074>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [340.157 510.236]
>> setpagedevice


