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xercise Interventions for Diabetes Control: Do We
eally Know That Strength Training Is Better Than
ndurance Training?

Recently Cauza et al1 compared the influence of strength
raining to endurance training on glycemic control, atherogenic
arkers, cardiovascular risk factors, body composition, strength,

nd cardiorespiratory endurance in people with diabetes. At
rst glance, results seemed clearly definitive that strength train-

ng was superior to endurance training. However, on closer
nspection, the analysis strategy proposed in the methods sec-
ion did not appear to be the analysis on which reported results
ere based. The risk in this is that conclusions of strength

raining superiority may be based on analyses that are insuffi-
ient to establish superiority.

The methods section indicated that 2-factor analysis of vari-
nce (ANOVA) was to be employed. Although not specified,
resumably this was to be a mixed-model ANOVA comparing
roups (strength vs endurance) by time of measurement (before
s after training). This would have been an appropriate analysis
trategy, assuming that groups did not differ on relevant vari-
bles before training. Unfortunately, it appears that the analysis
trategy employed neither followed this plan nor accounted for
ifferences among groups before training on such important
ariables as plasma glucose levels and total cholesterol. The
trength group had significantly poorer scores on each of these
easures before training, allowing for a greater margin for

hange in post-training scores due to regression to the mean in
ombination with any effect of strength training. In fact, table 2
eveals strikingly poorer pretraining scores for the strength
raining group on blood glucose, plasma insulin, glycosylated
emoglobin (Hb A1c), insulin resistance, high-density and low-
ensity lipoprotein cholesterol, and total cholesterol. A more
ppropriate analysis would have employed “before training”
cores as a covariate in an analysis seeking differences among
ost-training means after adjustment for pretraining group dif-
erences. Analysis of covariance has long been recommended
s a method to reduce bias when groups differ at baseline.2

ould the results change with this more precise analysis? This
uestion cannot be answered without reanalysis of their data.
Speculation that 2-factor ANOVA was not employed is further

ueled by lack of reporting on interactions for the relationship
mong the treatment factor and time of measurement. I plotted
he means for each outcome in table 2, and was surprised to
nd graphical evidence of disordinal interactions among blood
lucose, plasma insulin, Hb A1c, insulin resistance, cholesterol,
nd diastolic blood pressure. Yet, presence or absence of sig-
ificant interactions was not reported for any variables.
Instead of analyzing data as planned, Cauza seemingly used

imple change scores as the unit of analysis (eg, “after training”
inus “before training” values). Analysis of group differences

rom change scores has received deserved criticism in the
tatistical literature for the notorious problem that they correlate
egatively with posttest scores due to regression to the mean.3,4

cores further from the mean of the population change by a
reater amount simply due to regression to the mean than
cores that are not as extreme, thus confounding the treatment
ffect.5 If change score analyses were employed, it biases
esults in favor of the strength training group who exhibited

oorer before-training scores on nearly every outcome. a
What is the risk in basing conclusions on analyses that, at
est, are not adequately described and, at worst, result in
nalyses that favor 1 group over the other? Clinicians depend
n the results of well-analyzed trials as evidence for patient
are. I commend Cauza for using randomized methodology to
tudy 2 clinically important interventions head-to-head. How-
ver, it remains unclear whether the differences in favor of
trength training would exist when an analysis comparing
roups simultaneously over time was employed. Without a
ore precise analysis, it would be premature for clinicians to

ecommend strength training over endurance training for pa-
ients with type 2 diabetes.

Douglas L. Weeks, PhD
St Luke’s Rehabilitation Institute

Spokane WA
weeksdl@inhs.org
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he author responds

I would like to address the significant concerns raised by
ouglas Weeks in relation to our study.1

Because endurance training has been advocated as the most
uitable exercise mode in type 2 diabetes (T2D), my colleagues
nd I wanted to compare the effects of strength training with
he most effective exercise mode. Therefore, we used endur-
nce training for the control group. We also intended to com-
are the effects of strength training with a second control
roup, a group without training, but our ethics committee had
eservations about this approach. Because exercise is known to
mprove health in these patients, they felt that it would be
nethical not to recommend exercise.
Perhaps endurance training with our intensity and volume in

his study was less aggressive than strength training. Endurance
raining with an intensity of 60% of maximal oxygen consump-
ion and a low (frequency) volume (starting at 15min and

dvancing to a maximum of 30min 3 times a week) was at the

Arch Phys Med Rehabil Vol 88, March 2007
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A

ower end of an endurance training program. We opted for this
pproach because of the extremely poor physical condition of
ur patients at study entry. All patients were untrained, so we
ad to start with low intensity and low volume.
The main aim of our study was to demonstrate that strength

raining is effective in T2D patients. We were able to show that
trength training leads to benefits in glycemic and metabolic
arameters and showed that strength training is neither danger-
us nor ineffective. However, we agree with Weeks in that
trength training in this study was not superior to endurance
raining but at least led to equal benefit.

Although all patients were carefully and correctly random-
zed, fasting blood glucose (FBG) and triglyceride values at
tudy entry were significantly increased and glycosylated he-
oglobin (Hb A1c) slightly (but insignificantly) increased in

he strength training group.
All other parameters (including plasma insulin, all choles-

erol values, blood pressure, and several measurements of body
omposition) did not differ significantly at study entry. It is
nown that values that are highly elevated and outside of a
ormative physiologic range can be reduced more easily than
alues that are closer to the normative range. Although the Hb
1c and FBG levels in the strength training group were higher

nd outside of physiologic range at study entry, the values were
loser to normative levels than in the endurance training group
fter the 4-month training period. We observed similar effects
or triglycerides, with nearly equal values in both groups after

he training period.

rch Phys Med Rehabil Vol 88, March 2007
The statistical analysis plan was developed by Heinz
üchler, a statistician at the Ludwig Boltzmann Institute for
eukaemia Research and Haematology, before the study
tarted. After consulting with him, multiple t tests were con-
idered appropriate for this study design. In addition to the
elected method, a statistical analysis using analysis of vari-
nce (ANOVA) was also identified as applicable to our study.
onsequently, we changed the statistical evaluations and used
NOVA to examine differences in all parameters. The results
f the ANOVA analysis were identical to the results of the t
ests. Because the goal of our study was to show that strength
raining may be effective in T2D patients, our statistican used
NOVA to analyze the data.

Edmund Cauza, MD, PhD
Department of Diabetes and Metabolism

Wilhelminenspital
Vienna, Austria

e-mail: edmund.cauza@wienkav.at
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