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Letters to the editor:



Symmorphosis in patients with  
chronic heart failure?

Jayson R. Gifford,1,2 Joshua C. Weavil,1,3 and Ashley D. Nelson1,2

1Geriatric Research, Education, and Clinical Center, Salt Lake City VAMC Salt Lake City, Utah; 
2Department of Internal Medicine, University of Utah, Salt Lake City, Utah;  
3Department of Exercise and Sport Science, University of Utah, Salt Lake City, Utah

TO THE EDITOR: Considering our group’s interest in the mechanisms that constrain aerobic 
capacity in various populations1–4, we read the article by van der Zwaard et al.5 with great 
interest. Indeed, we commend the authors on their work, which certainly had several innovative 
components. However, based on the data presented, we question the conclusion that patients 
with chronic heart failure conform to the concept of symmorphosis. 

In an elegant description of how the concept of symmorphosis would apply to V̇O2max, the 
original proponents of the theory stated that “the hypothesis of symmorphosis predicts that 
design parameters form an invariant ratio with V̇O2max under all modes of variation”6. Applied 
to the study of van der Zwaard et al.5, the hypothesis of symmorphosis would predict that 
mitochondrial capacity derived from succinate dehydrogenase (SDH) activity, which is often 
considered an analog for the design parameter mitochondrial density, would exhibit an invariant 
ratio (i.e., constant slope) with V̇O2max in patients with heart failure, controls, and cyclists. Indeed, 
the relationship between mitochondrial capacity and V̇O2max across all subjects is very good with 
a slope close to 1/1. However, according to the concept of symmorphosis, that same relationship 
should exist within each group. More or less, this seems to be the case with the controls and 
cyclists. However, in the case of the patients with chronic heart failure, van der Zwaard et al.5 
report that there is no significant relationship between mitochondrial oxidative capacity and 
V̇O2max. Thus, statistically speaking, the slope of the relationship for the heart failure patients is 
effectively 0/1, which is visually apparent in Figures 5.4 and 5.5, especially when ignoring the 
lowest heart failure outlier. Therefore, as mitochondrial capacity derived from SDH activity is 
not proportional to V̇O2max among patients with heart failure, the data do not entirely support 
the existence of symmorphosis in this population. 

Interestingly, this disassociation between mitochondrial capacity and V̇O2max among heart 
failure patients is strikingly similar to observations we recently made in a group of 10 [not merely 
4 as van der Zwaard and colleagues5 incorrectly indicate] chronically, endurance-trained men2. 
In the case of our endurance-trained group, the disassociation between mitochondrial capacity, 
assessed with permeabilized fibers, and V̇O2max assessed with the direct Fick, was attributable 
to a marked oxygen supply limitation (35%). Thus, although the authors suggest the existence 
of a moderate oxygen supply limitation in all groups, considering that only the heart failure 
group exhibits this dissociation, and noting that previous evidence indicates that oxygen supply 
especially limits V̇O2max in heart failure1, it seems possible a more marked reduction in oxygen 
supply to the muscle may contribute to the unique disassociation between SDH activity/
mitochondrial capacity and V̇O2max in heart failure.
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Reply to Gifford et al.:  
Symmorphosis in chronic heart failure patients? 

Stephan van der Zwaard1, Cornelis J. de Ruiter1, Dionne A. Noordhof1, Renske 
Sterrenburg1, Frank W. Bloemers2, Jos J. de Koning1, Richard T. Jaspers1,3 

and Willem J. van der Laarse4 

1 Department of Human Movement Sciences, Faculty of Behavioural and Movement Sciences, Vrije 
Universiteit Amsterdam, MOVE Research Institute Amsterdam, The Netherlands; 
2 Department of Trauma Surgery, VU University Medical Center Amsterdam, The Netherlands;
3 Laboratory for Myology, Faculty of Behavioural and Movement Sciences, Vrije Universiteit Amsterdam, 
MOVE Research Institute Amsterdam, The Netherlands; 
4 Department of Physiology, Institute for Cardiovascular Research, VU University Medical Center Amsterdam, 
The Netherlands;

TO THE EDITOR: We thank Gifford and colleagues for their comment1 and agree that the 
correlation between mitochondrial oxidative capacity and V̇O2max among our chronic heart 
failure (CHF) patients is not significant (r=0.47, p=0.11)2. However, we disagree with their 
conclusion that the slope is “effectively 0/1” and that V̇O2max and mitochondrial oxidative 
capacity are dissociated in CHF patients. The fact that significance was not reached in this 
subgroup may also be due to insufficient statistical power, which appears to be the case. In the 
dissertation of Bekedam3, group data of 18 CHF patients (including our CHF subgroup) showed 
that significance was reached (r=0.53, p<0.05). Note that individual data were not presented3 

and therefore were not included in our analysis2. Hence, similar to controls and cyclists, also 
CHF patients conform to the concept of symmorphosis. Therefore, impaired peripheral oxygen 
supply in CHF not only reduces V̇O2max, but also leads to a similar reduction in mitochondrial 
oxidative capacity. 

The observed dysmorphosis in trained subjects by Gifford et al.4 was not confirmed in our 
larger sample containing a wider range of V̇O2max

2. We did not intend to suggest that Gifford et 
al.4 based their results challenging symmorphosis on only four subjects. In our view, six of the 
trained subjects fitted the (extrapolated) relationship between V̇O2max and mitochondrial capacity 
of the untrained subjects rather well (cf. Fig 4 in Ref4). There are many possible explanations for 
this discrepancy; however, a comparison of the reported data does not allow conclusions in this 
respect. 

Muscle fiber SDH activity does not explain all the variance in V̇O2max, indicating that other 
determinants of V̇O2max are also important. Note that the correlation between SDH activity 
and V̇O2max in single muscle fibres is very strong under well-controlled hyperoxic experimental 
conditions (r=0.98, p<0.001)5. Therefore, differences in oxygen supply related to the O2 cascade 
from atmosphere to mitochondria may add to the unexplained variance in V̇O2max. In the 
CHF patients, 62% of the variance in V̇O2max is explained by a combination of SDH activity, 
myocardial ejection fraction and lung diffusion capacity (R2=0.62, p<0.01)3. Hence, the factors 
contributing to the unexplained variance in the relationship between mitochondrial oxidative 
capacity of skeletal muscle and V̇O2max are important both clinically and in sports science and 
warrant further research.
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