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Increased physical activity is a cornerstone in the prevention
of type 2 diabetes in high-risk individuals
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To the Editor: We read with interest the review by Yates
et al. [1] and the corresponding editorial by Carnethon [2].
We agree with most of the interpretations and conclusions,
but feel that the authors may have underestimated the

current evidence on the role of physical activity in the
prevention of type 2 diabetes in individuals with impaired
glucose tolerance.

The only trial published thus far on the prevention of
type 2 diabetes that has included a separate arm of exercise
only is the Da Qing IGT and Diabetes Study [3]. We agree
with Yates et al. [1] that physical activity was poorly
documented in the Chinese study. Therefore, we disagree
with their conclusion that higher levels of physical activity
at baseline are likely to explain why the rate of type 2
diabetes development was lower in the exercise arm than in
the control arm. Rather, it only raises the possibility.

Yates et al. [1] stated that in the trials reported, only
small changes in physical activity were found, also
referring to the 9 min/day increase in moderate to vigorous
physical activity reported in the intervention group of the
Finnish Diabetes Prevention Study (DPS) [4]. We do not
agree that 1 h/week of moderate to vigorous physical
activity is insubstantial. Quite the opposite—we found a
shift in physical activity from inactive to active in the
intervention group of the DPS. The percentage of sedentary
individuals (<1 h/week of moderate to vigorous physical
activity) decreased from 37 to 15%, and those engaging in
at least 2.5 h/week increased from 41 to 62% [4]. This is
likely to result in substantial health benefits. We relied on
self-reported data on physical activity, collected through a
validated questionnaire. The rapid development of physical
activity monitors will make objective measurement of
physical activity more feasible in future trials.

Yates et al. [1] interpreted the Finnish DPS data to
suggest that it provided evidence for a protective effect only
of large changes in physical activity. We also reported that
individuals who engaged in at least 2.5 h/week of brisk
walking or other forms of moderate to vigorous physical
activity were 44–69% less likely to develop diabetes than
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individuals engaging in less than 1 h/week [4]. These
findings are based on post hoc analyses from a trial testing
the effect of increased physical activity, improvements in
diet and weight loss in a single intervention arm. Our
results nonetheless suggest that compliance with recom-
mendations for physical activity [5] may substantially
reduce the risk of type 2 diabetes.

In the DPS, the effect of the overall intervention on 2 h
glucose levels was modest, but the risk reduction for type 2
diabetes was a substantial 58% [6]. Similarly, changes in
reported moderate to vigorous leisure time physical activity
had only modest effects on the changes in fasting and 2 h
glucose concentrations, which were not significant after
adjustment for changes in BMI (Finnish DPS Study Group,
unpublished results). In contrast, a change in the duration of
moderate to vigorous physical activity in the upper third was
associated with a 49% lower risk of diabetes than a change
in the lower third, independently of changes in diet and BMI
[4]. As Carnethon hypothesised [2], such findings suggest
that physical activity and the lifestyle intervention in general
had more of an effect in preventing a worsening of glucose
tolerance than improving glucose tolerance. Moreover, the
substantial risk reduction in diabetes suggests that the effects
are greatest in those most susceptible to diabetes.

We also disagree with the extrapolation by Yates et al. [1]
of meta-analyses of exercise intervention trials on weight
loss in patients with type 2 diabetes to individuals with IGT
[7]. Type 2 diabetic patients seem to be less responsive to
weight loss interventions in general, but even in type 2
diabetes, exercise interventions have improved glycaemic
control and decreased visceral adiposity in the absence of
weight loss [8]. In the Finnish DPS, those in the upper third
of the change in duration of moderate to vigorous physical
activity lost 2.1 kg more body weight than those in the lower
third, independently of changes in diet (p=0.001, Finnish
DPS Study Group, unpublished results). The corresponding
difference in the change in waist circumference was 2.6 cm
(p<0.001); the difference tended to be independent of
changes in BMI (p=0.080, Finnish DPS Study Group,
unpublished results). These modest changes in body com-
position, when coupled with other benefits of physical
activity, may contribute to substantial benefits in the
prevention of type 2 diabetes.

We disagree with Carnethon’s statement that only a handful
of observational studies have found an inverse relationship
between physical activity and the development of diabetes [2].
We are aware of at least 15 such prospective cohort studies,
almost all of which found an inverse association of physical
activity with the development of diabetes (the authors will
provide the references upon request).

We agree with Carnethon that there is a need to evaluate
the role of low-intensity physical activity. In the Finnish

DPS we reported that the incidence of diabetes in
individuals whose change in duration of low-intensity
physical activity was in the upper third was 50% lower
than in those whose change was in the lower third,
independently of changes in diet and BMI [4]. In high-risk
individuals, total energy expenditure on physical activity
may be more important than intensity.

Stronger trial evidence on the dose, intensity, type and
successful promotion of physical activity in the prevention
of type 2 diabetes is needed. Based on consistent evidence
from epidemiological studies and growing evidence from
trials, health professionals should already emphasise in-
creased moderate to vigorous physical activity, moderate
weight loss and qualitative dietary changes as the corner-
stone for the prevention of type 2 diabetes in high-risk
individuals. Such an approach is safe, likely to yield other
health benefits, and is consistent with current knowledge of
the main causes of the epidemic of type 2 diabetes [9].

Acknowledgements This study was financially supported by grants
from the Academy of Finland (38387 and 46558 to J.Tuomilehto and
40758 to M. Uusitupa), the EVO fund of Kuopio University Hospital
(5106 to M. Uusitupa), the Ministry of Education, the Finnish Diabetes
Research Foundation and the Technology Development Centre of Finland.

Duality of interest The authors declare that there is no duality of
interest associated with this manuscript.

References

1. Yates T, Khunti K, Bull F, Gorely T, Davies MJ (2007) The role of
physical activity in the management of impaired glucose tolerance:
a systematic review. Diabetologia 50:1116–1126

2. Carnethon MR (2007) Can we out-run the diabetes epidemic?
Diabetologia 50:1113–1115

3. Pan XR, Li GW, Hu YH et al (1997) Effects of diet and exercise in
preventing NIDDM in people with impaired glucose tolerance. The
Da Qing IGT and Diabetes Study. Diabetes Care 20:537–544

4. Laaksonen DE, Lindstrom J, Lakka TA et al (2005) Physical
activity in the prevention of type 2 diabetes: the Finnish Diabetes
Prevention Study. Diabetes 54:158–165

5. Sigal RJ, Kenny GP, Wasserman DH, Castaneda-Sceppa C, White
RD (2006) Physical activity/exercise and type 2 diabetes: A
consensus statement from the American Diabetes Association.
Diabetes Care 29:1433–1438

6. Tuomilehto J, Lindström J, Eriksson JG et al (2001) Prevention of
type 2 diabetes mellitus by changes in lifestyle among subjects with
impaired glucose tolerance. N Engl J Med 344:1343–1350

7. Boule NG, Haddad E, Kenny GP, Wells GA, Sigal RJ (2001)
Effects of exercise on glycemic control and body mass in type 2
diabetes mellitus: A meta-analysis of controlled clinical trials.
JAMA 286:1218–1227

8. Thomas DE, Elliott EJ, Naughton GA (2006) Exercise for type 2
diabetes mellitus. Cochrane Database Syst Rev 3:CD002968

9. Laaksonen DE, Niskanen L, Lakka H-M, Lakka TA, Uusitupa M
(2004) Epidemiology and treatment of the metabolic syndrome.
Ann Med 36:332–346

2608 Diabetologia (2007) 50:2607–2608


	Increased physical activity is a cornerstone in the prevention of type 2 diabetes in high-risk individuals
	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
  /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

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


