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Article
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Abstract: A recent reanalysis of publicly available data claimed that the carbohydrate-insulin model was
supported by results from a randomized crossover trial comparing low carbohydrate (LC) versus low fat (LF)
diets. The reanalysis also claimed to have invalidated the primary outcome of the trial, namely the within-
participant differences in ad libitum energy intake when they consumed LC vs LF diets. Here, we demonstrate
that both claims are untrue. The reanalysis was fatally flawed in several respects, with the most egregious
errors related to ignoring the within-participant, repeated-measures structure of the data and treating data
timepoints as independent. This resulted in almost all statistical comparisons being incorrect and reporting
wildly optimistic p-values. Furthermore, the authors failed to engage sufficiently with prior work on the same
trail data and portrayed their reanalysis as being more novel than it was. The reanalysis also failed to disclose
the possibility of bias and succumbed to common statistical errors that falsely led the authors to interpret the
data as supporting the carbohydrate-insulin model of obesity.

We read with great interest a recent article by Soto-Mota et al. (1) who presented secondary
analyses of our random-order crossover study previously published in Nature Medicine (2). The
authors claim that our data supported the carbohydrate-insulin model of obesity (3-6). This was
surprising because the carbohydrate- insulin model predicts that high insulin secretion resulting
from a high carbohydrate diet promotes increased body fat and increased ad libitum energy intake
compared to a low carbohydrate diet — exactly the opposite of what occurred in our study (2). Indeed,
every single participant consumed fewer calories during the high carbohydrate, low fat (LF) diet and
this occurred despite markedly higher insulin secretion and greater loss of body fat as compared to
the ketogenic, low carbohydrate (LC) diet.

Soto-Mota et al. claimed to have undertaken their reanalysis of our data “to determine whether
the primary findings [reported in our Nature Medicine paper] remain valid” when considering order
effects recently reported by our group (7, 8). Unfortunately, Soto-Mota et al. failed to address the
primary outcome of our study and did not acknowledge that there was no significant diet order effect
on this primary outcome. Specifically, there was no significant diet order effect on the within-
participant diet differences in ad libitum energy intake. Rather, Soto-Mota et al. ignored the within-
participant design of our study and unjustifiably asserted that the differences between participants
randomized to different diet order groups somehow invalidated our primary findings.

Readers may be unaware that most of the analyses presented by Soto-Mota et al. comparing the
different diet order groups were not novel. Rather, they merely attempted to replicate our recently
reported secondary analyses (7, 8). Indeed, Figures 1, 2, and 3A of Soto-Mota et al. convey the same
information as Figures 2C, 2E, and 4A of our previously published pre-print (8) which is currently
under revision at another journal. These results were also presented at a conference in July of 2023
(7).

Our previous analyses found that there were important energy balance effects between
participants randomized to different diet order groups in our study, but we suggested vastly different
interpretations and proposed mechanisms (8). Unfortunately, these alternatives were completely
ignored by Soto-Mota et al. For example, the diet order effect on ketone levels during the LC diet
presented by Soto-Mota et al. in their Figure 3A was readily explained by differences in concurrent
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energy and carbohydrate intake. Additionally, small differences in respiratory quotient during the
LF diet depicted in Figure 3B of Soto-Mota et al. were likely explained by the well-known effect of
energy imbalance to affect the respiratory quotient (9).
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Figure 1. Individual data showed no significant correlations within participants randomly assigned
to the LC diet first (®) or LF diet first (O) groups between (A) average energy intake or (B) body fat
change during phase 2 of a crossover study in relation to changes in fasting C-peptide during phase
1.

Unlike our secondary analyses using the full dataset, Soto-Mota et al. used only a subset of data
that were publicly available. The authors made no legitimate request for access to the non-public data
which were not in the public database due to 4 participants withholding consent to broad data
sharing. Unfortunately, Soto-Mota et al. failed to acknowledge that these non-public data were all
coincidentally from participants randomized to the same diet order group. Therefore, their analyses
included 40% fewer participants in one diet order group which had the potential to introduce
significant and undisclosed bias.

Furthermore, the statistical analysis code of Soto-Mota et al. contains many technical flaws, with
the most egregious errors related to ignoring the within-participant repeated measures structure of
the data. For example, Soto-Mota et al. treated each data timepoint as if it were independent thereby
overestimating the power of their analyses and making most of the p-values reported in their
manuscript optimistically incorrect, including all p-values in their Figures 1-3.

One novel contribution of Soto-Mota et al. regards correlation plots presented in their Figures
4A and 4B used to support the carbohydrate-insulin model of obesity. These figures plot average
energy intake (panel A) and change in body fat mass (panel B) in each individual participant during
the second diet period against the change in fasting plasma C-peptide during the first diet period.
Using the full data set, we plotted these variables in Figure 1 where we also indicated the diet order
assignment of each participant. This figure highlights that the correlation analyses of Sota-Mota et al.
succumbed to a common pitfall in statistical analysis where they failed to account for the fact that
“the dataset has two subgroups of individuals whose values for one or both variables differ from
each other [and] can lead to a false sense of relationship overall, even when none exists within each
subgroup” (10). Indeed, Figure 1 shows that there were no significant correlations between these
variables within each diet order subgroup.

Sota-Mota et al. claimed that the spurious positive correlations presented in their Figure 4
corresponded to a prediction of the carbohydrate-insulin model of obesity because increased basal
insulin secretion during the first diet period led to increased energy intake and body fat change in
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the second diet period. However, even if these correlations were real, this seems like an unlikely
prediction of the carbohydrate-insulin model because it would additionally require that insulin
secretion during the second diet period (which was significantly higher in the group with lower
energy intake and fat mass change) was overshadowed by the effect of basal insulin secretion in the
two weeks prior. Exactly how such a delayed effect of insulin could occur or is consistent with the
carbohydrate-insulin model was unaddressed by Soto-Mota et al.

In summary, the paper by Sota-Mota et al. misleadingly suggested that many of their results
were novel and failed to engage sufficiently with our prior work that proposed more likely
mechanisms for the observed order effects between participants randomized to different diet order
groups. Soto-Mota et al. ignored the within-participant design of our study, failed to disclose the
possibility of bias, and committed numerous statistical errors in their fatally flawed reanalysis. Thus,
despite the insistence of Soto-Mota et al. that our study’s primary findings were invalid, our data
clearly demonstrated that ad libitum energy intake was lower when participants consumed the LF
diet, independent of diet order, and this occurred despite markedly higher concurrent carbohydrate
intake and insulin secretion. The machinations of Sota-Mota et al. do not change the fact that our
study’s results were directly opposite to the predictions of the carbohydrate-insulin model.
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