COMMENTARY

Physical exertion may cause high troponin levels

It is important to measure troponin levels when acute myocardial infarct is suspected. Many other factors
that affect the heart can cause an increase in troponin levels, for example extreme physical exertion. Recent
studies have shown that more normal physical activity can also lead to increase in troponin levels in healthy

individuals.

During the course of acute coronary disease
there is first an increase in troponin as a con-
sequence of cell necrosis, followed by a fall.
Measurement of troponin T or troponin I in
repeated blood samples has become a cor-
nerstone in modern diagnostic procedure in
acute myocardial infarction. Increased tro-
ponin levels are not synonymous with acute
coronary disease, but can also be seen in renal
failure, toxic effects of medication and auto-
immune conditions, and have been described
in acute heart failure, tachycardia, myocar-
ditis, sepsis and pulmonary embolism (1).
New, highly sensitive methods of mea-
suring troponin levels have become avail-
able during the last couple of years. These
methods provide good measurements well
into the normal range, and have been char-
acterised as having an analytic variation
equal to or less than 10 % round the upper
normal range for healthy individuals. The
99 percentile is used as the upper normal
range limit, meaning that 99 % of healthy
normal adults in a population will be within
this limit. If troponin levels are to support
the diagnosis of acute myocardial infarc-
tion, at least one measurement must be over
the 99 percentile (2), and there must be
significant increase/decrease over time.
There is great uncertainty about what
constitutes a clinically significant increase
or decrease in the troponin level. In order
not to lose diagnostic specificity, the change
must be greater than the variation that
occurs with a combination of analytic and
biological variation. The biological varia-
tion has been difficult to define. This may
be due to several factors — for example
failing to consider the factors in daily life
that affect the excretion of troponin (3-5).

Troponin increase

with physical activity

Extreme physical stress such as marathon
and ultra-marathon races may lead to transi-
tory elevation of troponin levels (6, 7). In
more recent studies it has been shown that
more normal physical activity can also lead
to a troponin rise in healthy individuals. In

a small study on adolescents, more than half
of the participants developed troponin
increase after basketball training (8). The
same has been reported after a treadmill test
(9, 10). In a study of cardiac healthy middle-
aged health personnel who were subjected to
their outer exercise limit on bicycles, almost
half of them had a troponin rise in the hours
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after finishing an exercise ECG (11). In these
studies the troponin levels exceeded the 99
percentile of the method in several indivi-
duals. If the patients report chest pain, these
elevated levels can therefore formally fulfil
the criteria for acute myocardial infarction.

The underlying mechanism for release
of troponin after physical exercise has not
been clarified. Myocardial necrosis is
unlikely (12). Studies have shown that
the maximum troponin levels come more
rapidly after physical exercise (4 hours)
(9, 11) than with ablation (8 hours) (13)
and myocardial infarction. This indicates
that the troponin demonstrated after phy-
sical exercise must come from cytosol and
not from the thin filaments in the contractile
apparatus as in myocardial necrosis. The T
1/21s given as 3—5 days (14).

We believe that the troponin part of
cytosol could fit in with liberation of
troponin from the filaments in normal
breaking-down processes. Well trained
individuals will have a larger contractile
apparatus than those with no training, and
they will therefore have larger amounts of
troponin in their cytosol.

«Healthyindividuals can
develop a rise in blood
troponin after moderate
physical exercise»

Conclusion

Healthy individuals may develop a troponin
rise in the blood after moderate physical
exercise. In some cases these levels may
exceed the decision levels used to diagnose
acute myocardial infarction. This has con-
sequences for the assessment of patients
with acute chest pain. Patients with mode-
rate troponin elevation and uncertain find-
ings should therefore be asked whether they
had been physically active around the time
when the test was taken.

Stefan Agewall
stefan.agewall@medisin.uio.no
Department of Cardiology
Oslo University Hospital

and

Institute of Clinical Medicine
University of Oslo

Solve Tjora
Department of Clinical Chemistry
Oslo University Hospital, Aker

Stefan Agewall (born 1960) is professor and
senior consultant at the Department of Cardio-
logy, Oslo University Hospital. He was previ-
ously head of the Department of Cardiology at
the Karolinska University Hospital, Stockholm.
Conflicts of interest: None declared.

Solve Tjora (born 1945) is a senior consultant
and specialist in Clinical chemistry.
Conflicts of interest: None declared.

References

1. Agewall S, Giannitsis E, Jernberg T, Katus H. Tro-
ponin elevation in coronary vs. non-coronary
disease. Eur Heart J 2011; 32: 404-11.

2. Thygesen K, Alpert JS, White HD. Universal defini-
tion of myocardial infarction. J Am Coll Cardiol
2007; 50: 2173-95.

3. Vasile VC, Saenger AK, Kroning JM et al. Biological
and analytical variability of a novel high sensitivity
cardiac troponin T assay. Clin Chem 2010; 56:
1086-90.

4. Jaffe AS, Apple FS. Refining our criteria. Am J Clin
Pathol 2009; 131: 11-3.

5. Aakre KM, Sandberg S. Can changes in troponin
results be useful in diagnosing myocardial infarc-
tion? Clin Chem 2010; 56: 1047-9.

6. Regwan S, Hulten EA, Martinho S et al. Marathon
running as a cause of troponin elevation: a sys-
tematic review and meta-analysis. J Interv Cardiol
2010; 23: 443-50.

7. Giannitis E, Roth HJ, Leithduser RM et al. New
highly sensitive assay used to measure cardiac
troponin T concentration changes during a con-
tinuous 216-km marathon. Clin Chem 2009; 55:
590-2.

8. Nie J, Tong TK, Shi Q et al. Serum cardiac troponin
response in adolescents playing basketball. Int
J Sports Med 2008; 29: 449-52.

9. Shave R, Baggish A, George K et al. Exercise-
induced cardiac troponin elevation. J Am Coll Car-
diol 2010; 56: 169-76.

10. Shave R, Ross P, Low D et al. Cardiac troponin | is
released following high-intensity short-duration
exercise in healthy humans. Int J Cardiol 2010;
145:337-9.

11. Tjora S, Gjestland H, Mordal S et al. Troponin rise
in healthy subjects during exercise test. Int J Car-
diol 2011; 151: 375-6.

12. Bergmann O, Bhardwaj RD, Bernard S et al. Evi-
dence for cariomyocyte renewal in humans.
Science 2009; 324: 98-102.

13. Del Rey J, Madrid AH, Valifo JM et al. Cardiac tro-
ponin | and minor cardiac damage: biochemical
markers in a clinical model of myocardial lesions.
Clin Chem 1998; 44: 2270-6.

14. Willis MS, Schisler JC, Portbury AL et al. Build it
up - tear it down: protein quality control in cardiac
sarcomas. Cardiovascular Res 2009; 81: 439-48.

Received 20 July 2011, first revision submitted
6 October 2011, approved 13 October 2011. Medical
editor: Petter Gjersvik.

Tidsskr Nor Legeforen nr. 22, 2011; 131




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /OK
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


