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                                      The Use of Ratios and Percentage Changes in Sports Medicine: Time for a 
Rethink?

  We believe that the majority of researchers inter-
ested in sports medicine might not have appreci-
ated that percentage change statistics are ratios 
and are, therefore, reliant on all the statistical 
assumptions that underlie ratios   [ 3 ]  . Moreover, we 
doubt whether many researchers check that the 
ratios they are working with are actually appro-
priate for their data. Essentially, a ratio is based on 
the assumption that the slope of the relationship 
between logarithmically-transformed numera-
tor and denominator is 1 (     ●  ▶     Fig. 1  ). If this is not 
so, then the ratio will scale inaccurately at the 
lower and higher ends of the range of measured 
values, leading to errors in interpreting measure-
ments on individuals and in samples (     ●  ▶     Fig. 2  ). 
There are other problems. When one normally 
distributed variable is divided by another nor-
mally distributed variable, it is unlikely that the 
resulting ratio is normally distributed itself   [ 1      –
 3 ]  , thus making any parametric analyses trickier 
to handle.
    So what is the best solution? It should be said 
that not all ratios might be inappropriate for scal-
ing data, and one could explore underlying 
assumptions for the ratio one is working with. 
However, it is preferable in our opinion to have 
an analysis approach which is accurate in most 
circumstances, at least more circumstances than 
that of a ratio. In the context of randomised con-
trolled trials, Vickers   [ 5 ]   has already shown that 
analysis of covariance is generally superior to  a 
percentage change statistic. Controversially, 
Packard and Boardman   [ 3 ]   called for a complete 
end to the use of ratios and percent changes in an 
attempt to normalize physiological data for vari-
ation in body size. These authors also advised 
readers of scientifi c research not to place great 
confi dence in results of studies that use ratios for 

                                               Ratios and percentage change statistics are ubiq-
uitous in scientifi c research. In the context of 
sports medicine, some examples are cycling effi  -
ciency indices (power output/energy expendi-
ture), the hamstring/quadriceps ratio (H:Q) and 
the percentage change in artery diameter during 
a test of fl ow-mediated dilation (FMD %). There 
are of course many other examples in psychol-
ogy, physiology and biomechanics. One can see 
how the simplicity of ratios makes them so pop-
ular amongst researchers for ‘normalising’ meas-
urements of one variable (e. g. hamstring 
strength) with respect to another variable (quad-
riceps strength), in the case of the H:Q ratio. Nev-
ertheless, ratios are not the only approach 
available to scale or normalise measurements, 
and unfortunately they can be very misleading in 
certain circumstances   [ 1      – 3 ]  .
  One important point is that percentage change 
statistics like FMD % are, in fact, ratios since a 
change in any outcome (from baseline to follow-
up), which is then expressed as a percentage of 
the initial value of that outcome, is synonymous 
with dividing the follow-up value by the baseline 
value. For example, a change in arterial diameter 
from 4.0 mm at baseline to 4.5 mm at post-
ischemic peak gives a FMD % of 12.5 %, which is 
synonymous with a follow-up/baseline ratio of 
1.125. In this example, the follow-up measure-
ment is the numerator of the ratio, and the base-
line measurement is the denominator.
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    Fig. 1    An example where a ratio might not be scaling 
consistently across the range of measured values of the 
denominator. If the slope (B) of the relationship bet-
ween log(numerator) and log(denominator) deviates 
substantially from 1 (shown by the dashed line), then 
a simple ratio of numerator/denominator will likely not 
scale accurately across the range of measurements, 
especially towards each end of the range. In this case, 
an ANCOVA approach to the scaling or normalisation 
is preferable, where the logarithmically transformed 
denominator values are entered into a statistical model 
as a covariate and the logarithmically transformed 
numerator is the outcome. 
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    Fig. 2    This is the ideal situation in which a ratio is 
scaling consistently across the range of values of the 
denominator. Often the slope of this plot is not close 
to zero, indicating that the ratio would provide biased 
estimates at the lower and higher ends of the range. 
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scaling, but this advice has not been heeded properly. Like many 
other statisticians, Packard and Boardman   [ 3 ]   presented a good 
case for an analysis of covariance (ANCOVA) approach being pre-
ferable.
  An ANCOVA-based approach essentially involves entering the 
baseline value (or denominator of a ratio) as a covariate in the 
statistical model one is using to quantify eff ect sizes. This statis-
tical model would include all the factors of interest in the study, 
e. g. sex if the sample includes males and females. The numera-
tor of the ratio or the diff erence between follow-up and baseline 
measurements could be the dependent variable in the model, 
although it is probably appropriate to logarithmically transform 
the data fi rst. If logarithmic transformation of the data is found 
to be appropriate, the resulting estimates of mean change in 
 outcome can be back-transformed into percentages for con-
ventional interpretation. Important assumptions, such as ‘paral-
lelism’ in ANCOVA could be checked, although Senn   [ 4 ]   has 
argued that ANCOVA is superior to simple change summary sta-
tistics like percentage changes and ratios in most cases.
  We believe that an ANCOVA approach would likely result in more 
accurate estimates of ratios and percentage changes, especially 
when the relationship between baseline (denominator) and fol-
low-up (numerator) does not equal 1. Statistical software such 
as SPSS support these types of analyses and we believe that the 

Generalized Linear models (for group comparisons) and Gener-
alized Estimating Equations (for repeated measures data) 
options are most amenable to this sort of analysis. We encourage 
all submitting authors of IJSM to consider using these ANCOVA 
approaches if they are analysing percentage changes or ratios. 
Such good practice would be yet another unique aspect of the 
scientifi c rigour of IJSM.
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