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We thank Roerink et al. (1) for their comments. We
respond to their two points in order. Their first point
asked about the effect of physical activity on sphin-
golipids. The sphingolipid response to exercise is
complex. It differs in healthy trained and untrained
individuals and has not yet been studied using meth-
ods that can distinguish the classes of sphingosines,
ceramides, sphingomyelins, and glycosphingolipids
measured in our analysis of myalgic encephalomy-
elitis (ME)/chronic fatigue syndrome (CFS) (2). Our
study shows specifically that ceramides were de-
creased in ME/CFS (2). However, the small study
(n = 10 per group) by Baranowski et al. (3) that was
cited by Roerink et al. (1) showed that ceramides
were the same in trained and untrained subjects
and did not change with acute exercise (figure 1 of
ref. 3). All subjects in our first study of ME/CFS (2)
were ambulatory. We did not specifically control for
physical activity because the capacity for physical
activity is a fundamental difference between patients
with ME/CFS and controls. We wished to distinguish
“pathological fatigue” that is chronic and prevents
activity at baseline in patients with ME/CFS from
“physiological fatigue” that is transient and caused
by activity in non-CFS subjects and is not present at
baseline. Others have also focused on this distinc-
tion (4). Metabolomic analysis showed that ME/CFS
is characterized by differences in 20 different meta-
bolic pathways (figure 1E of ref. 2), and not just sphin-
golipids. With regard to the broader metabolic
effects of exercise, a recent large metabolomics
study (n = 277) found that only 11 of 591 metabolites
were significantly correlated with physical activity in

healthy subjects (5). Increased physical activity was
associated with a decrease in isoleucine, valine, and
glucose, whereas sedentary behavior produced an
increase (5). In ME/CFS, isoleucine, valine, and glu-
cose were not changed (2). The absence of metabolic
abnormalities in ME/CFS known to be associated
with decreased physical activity is strong evidence
that physical activity alone cannot explain the dis-
tinct pattern of metabolic abnormalities found in
ME/CFS (2).

Second, Roerink et al. (1) raise questions about the
standard statistical methods used in metabolomics
studies. We used multivariate analysis by partial least
squares discriminate analysis (PLSDA), area under the
receiver operator characteristic (AUROC) curve analy-
sis, random forest methods for biomarker discovery,
repeated double cross-validation, and permutation
analysis. A convenient implementation of these meth-
ods is available at www.metaboanalyst.ca, and nice
reviews are available (6). Roerink et al. (1) incorrectly
state that the method for selecting the top 60 metab-
olites was “nondescribed” in our paper (2). We state
that we used PLSDA in both the Results and Mate-
rials and Methods sections. Roerink et al. (1) then
incorrectly implied that we used 60 metabolites in
the AUROC analysis. We did not. We used eight
metabolites in males and 13 metabolites in females
(figure 2 and table 4 of ref. 2). Ultimately, the best
way to confirm the scientific accuracy of our meta-
bolic findings in ME/CFS is to repeat the study using
fresh samples collected from an independent co-
hort of patients and controls. This study is currently
underway.
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