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Introduction

Q1o describes the influence of temperature on physiolo-
gical processes as the ratio of the rate of a physiological
process at a particular temperature to the rate at a tem-
perature 10 °C lower [1]. In terms of rates of oxygen
consumption (VO,) related to rectal temperatures (t),
this can be written as [2]:

Qi = (VO2/ VO yer) /11710 (1a)
or equivalently,
VO, = VO ref . Qo e 1rered/10 (1b)

Qo varies between 2 and 3 in biological systems [2],
and Qo = 2 is applied in modelling the rate of meta-
bolic heat production in relation to body temperature
[3,4]. This paper aims to determine Qg for the influ-
ence of body temperature on oxygen consumption for
light work in warm environments.

Methods

Data originated from 216 laboratory experiments [5] con-
sisting of individual series of 14 to 39 trials performed by
eleven acclimatised semi-nude young males (I=.1 clo)
who walked 4 km.h™! on the level for at least 3 hours
under different combinations of water vapour pressure
(range 0.3 - 5.2 kPa) and air temperature (range 20 - 55 °C)
with air velocity of 0.3 m.s™ and mean radiant temperature
equal to air temperature. Mean values of t,. and VO, over
the third hour of exposure were submitted to linear regres-
sion analyses, which were performed separately for the 11
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individual series relating VO, directly to t,. and also
using the logarithmised Eq. 1b (with t, .. = 36.8 °C).
Overall regression parameters were calculated by
random coefficient linear mixed models considering the
correlation within the individual series. Q¢ coefficients
were obtained as the exponentiated slopes of the fitted
logarithmised Eq. 1b.

Results

Regression analyses showed a statistically significant (p <
0.01) increase of VO, with t,. (Figure 1A) with inter-
individually varying slopes, which resulted in Q;o values
varying largely between 1 (indicating no influence of t,.
on VO,) and 10 (Figure 1B). The overall Q;q was 2.1
with 95% confidence interval (CI) 1.3 - 3.5.

Discussion and conclusion
The results support the setting Q;o = 2 [3,4] under
steady state conditions for light work in the heat, how-
ever, considerable intra- and inter-individual variability
was observed.

Thus, the data base should be extended, also towards
other workloads and populations (female, elderly).
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neutral value (Q,o = 1, dashed) and Q,o = 2 (solid) (B).
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Figure 1 VO, related to t,. with overall regression (solid, VO, = 0.671+0.052(t,.-36.8)) and individual lines (dashed) for 11 participants
(A), and Qq with 95% CI for 11 individuals (open symbols) and for the total sample (filled symbol) with reference lines indicating the

3. Werner J, Buse M: Temperature profiles with respect to inhomogeneity
and geometry of the human body. J Appl Physiol 1988, 65:1110-1118.

4. Fiala D, et al UTCI-Fiala multi-node model of human heat transfer and
temperature regulation. Int J Biometeorol 2012, 56:429-441.

5. Kampmann B: Zur Physiologie der Arbeit in warmem Klima. £rgebnisse
aus Laboruntersuchungen und aus Feldstudien im Steinkohlenbergbau.
Habilitation Thesis Bergische Universitat Wuppertal; 2000.

doi:10.1186/2046-7648-4-S1-A103

Cite this article as: Kampmann and Brode: Metabolic costs of
physiological heat stress responses - Qo coefficients relating oxygen
consumption to body temperature. Extreme Physiology & Medicine 2015
4(Suppl 1):A103.

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

e Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at ( -
www.biomedcentral.com/submit BiolVied Central



http://www.ncbi.nlm.nih.gov/pubmed/3182480?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3182480?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21503622?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21503622?dopt=Abstract

	Introduction
	Methods
	Results
	Discussion and conclusion
	Authors’ details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


