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Experts of controlled clinical trials argue that conclu-
sions about the eVects of medical interventions should
be based on clinically relevant outcomes and not on the
surrogates such as laboratory measurements. There are
several examples in which the eVect on a clinically rele-
vant outcome considerably diverged from the eVect on
a surrogate end point (Fleming and DeMets 1996;
Rothwell 2005). In this respect, the recent paper by
Davison and Gleeson (2006) is somewhat problematic.

Davison and Gleeson motivated their study by not-
ing that heavy exertion or long-duration exercise may
increase the incidence of upper respiratory tract infec-
tion (URI) and by citing two trials in which vitamin C
reduced the risk of URI associated with marathon
runs. Evidence that vitamin C supplementation may be
beneWcial for people who are under heavy physical
stress is, however, substantially stronger than Davison
and Gleeson present.

A recent Cochrane meta-analysis focusing on vita-
min C and the common cold found six placebo-con-
trolled trials with participants under heavy acute
physical stress (combined N = 642). In this group of tri-
als, vitamin C reduced common cold risk by 50% (95%
CI: ¡34 to ¡62%) (Douglas and Hemilä 2005; Hemilä
2006). Four of the trials, including those cited by Davi-
son and Gleeson, were carried out with marathon run-
ners, the Wfth with Canadian soldiers in a winter
exercise (Sabiston and Radomski 1974), and the sixth
with schoolchildren in a skiing camp in the Swiss Alps

(Ritzel 1961). Moreover, heavy physical stress is a
prominent feature of military recruits who concomi-
tantly have elevated risk of pneumonia. Therefore the
large (N = 674) randomized double-blind placebo-con-
trolled trial with US Marine recruits is particularly
interesting: vitamin C reduced the incidence of pneu-
monia by 85% (P[2¡t] = 0.044; Pitt and Costrini 1979;
Hemilä 2004, 2006).

In their trial, Davison and Gleeson compared vita-
min C and control periods in the same participants
exercising with a cycle ergometer and measured
changes in the immune system. Such a study focusing
on surrogates of infection susceptibility does not yield
any information about whether vitamin C supplemen-
tation actually aVects the risk of URI or more severe
respiratory infections—the clinically relevant out-
comes—in physically stressed people.

On the other hand, the statistically very strong eVect
of vitamin C on URI risk in physically stressed people
(Douglas and Hemilä 2005) calls for immunological
explanations. However, if the purpose of a study is to
provide an immunological explanation for the vitamin
C eVect on URI risk, the study should concurrently val-
idate that vitamin C indeed has eVect on URI inci-
dence at the particular experimental conditions,
because the eVect has been found only in extreme
physical stress. In ordinary people vitamin C has no
eVect on URI risk (Douglas and Hemilä 2005). The
data for URI episodes were not collected by Davison
and Gleeson and therefore we do not know whether
vitamin C reduced URI incidence in their physical
stress model. If the eVect of vitamin C on URI inci-
dence is not conWrmed at the particular study condi-
tions, we do not know whether the immunological
Wndings have any relation to the biological mechanisms
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explaining the eVect of vitamin C on URI risk, the clin-
ically relevant outcome.

A further major problem of the Davison and Glee-
son trial is the very small size (N = 9). In the Pitt and
Costrini trial, the number-needed-to-treat (NNT) to
prevent one case of pneumonia with vitamin C was 57.
The NNT to prevent one case of the common cold with
vitamin C was 7 in the Sabiston and Radomski trial,
and 10 in the Ritzel trial. Concluding from such NNT
values, it is evident that, as a minimum, several dozens
of participants are needed at appropriate experimental
conditions for a study to analyze whether immune sys-
tem changes caused by vitamin C supplementation
have any correlations with the clinical eVects.

References

Davison G, Gleeson M (2006) The eVect of 2 weeks vitamin C
supplementation on immunoendocrine responses to 2.5 h cy-
cling exercise in man. Eur J Appl Physiol 97:454–461
doi:10.1007/s00421-006-0196-7 

Douglas RM, Hemilä H (2005) Vitamin C for preventing and
treating the common cold. PLoS Med 2:e168 doi: 10.1371/
journal.pmed.0020168

Fleming TR, DeMets DL (1996) Surrogate end points in clinical
trials: are we being misled? Ann Intern Med 125:605–613 ht-
tp://www.annals.org/cgi/content/abstract/125/7/605

Hemilä H (2004) Vitamin C supplementation and respiratory
infections: a systematic review. Mil Med 169:920–925

Hemilä H (2006) Do vitamins C and E aVect respiratory infec-
tions? [PhD Thesis] University of Helsinki, Helsinki, Fin-
land, pp 48–51 Available at: http://www.ethesis.helsinki.W/
julkaisut/laa/kansa/vk/hemila/

Pitt HA, Costrini AM (1979) Vitamin C prophylaxis in marine re-
cruits. JAMA 241:908–911 doi: 10.1001/jama.241.9.908

Ritzel G (1961) Critical analysis of the role of vitamin C in the
treatment of the common cold [in German]. Helv Med Acta
28:63–68 English translation at: http://www.ltdk.helsinki.W/
users/hemila/T3.pdf

Rothwell PM (2005) External validity of randomised controlled
trials: “to whom do the results of this trial apply?” Lancet
365:82–93 doi: 10.1016/S0140-6736(04)17670-8

Sabiston BH, Radomski MW (1974) Health problems and vita-
min C in Canadian northern military operations. DCIEM
Report no. 74-R-1012. Defence and Civil Institute of
Environmental Medicine, Downsview, Ontario, Canada,
10 pp
123

10.1007/s00421-006-0196-7
10.1007/s00421-006-0196-7
10.1007/s00421-006-0196-7
http://www.ethesis.helsinki.fi/julkaisut/laa/kansa/vk/hemila/
http://www.ethesis.helsinki.fi/julkaisut/laa/kansa/vk/hemila/
http://www.ethesis.helsinki.fi/julkaisut/laa/kansa/vk/hemila/

	Small trials focusing on surrogate end points may be uninformative
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


