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A Commentary on

E�ect of theMediterraneandiet supplementedwith nicotinamide riboside

and pterostilbene and/or coconut oil on anthropometric variables in

amyotrophic lateral sclerosis. A pilot study.

by Carrera-Juliá, S., Estrela, J. M., Zacarés, M., Navarro, M. Á., Vega-Bello, M. J., de la Rubia Ortí,
J. et al. (2023). Front. Nutr. 10:1232184. doi: 10.3389/fnut.2023.1232184

We read with interest the article by Carrera-Juliá et al. (1) including analyses of the effects
on anthropometric outcomes of a Mediterranean diet (MeDi)—with a carbohydrate target
at 40% of total energy intake (E%)—supplemented with coconut oil. The authors labeled this
as a “ketogenic diet” with reference to the content of medium-chain triglycerides (MCTs) in
coconut oil. In the present article, we will discuss the terminology of this exposure, which
has been used in several publications by the same research group (2–7), because the labeling
of the diet as ketogenicmay be questioned from several perspectives. While many fatty acids,
including long-chain (LCFA), may end up in ketogenesis under certain metabolic conditions
(8), the focus here is on which specific fatty acids have been demonstrated to substantially
increase ketone concentrations, i.e., to the range of nutritional ketosis (9), even in the absence
of carbohydrate restriction.
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FIGURE 1

Approximate fatty acid content of coconut oil. C8, C10, and C12 are
defined as medium-chain fatty acids (MCFAs) (11). C8, caprylic acid;
C10, capric acid; C12, lauric acid; LCFAs, long-chain fatty acids.

1. To our surprise, a publication of ours (10) was cited to
support the claim that “nutritional supplementation with coconut
oil could be a good way to promote the synthesis of ketone
bodies,” when the conclusion of our study was, in fact, the opposite.
Circulating concentrations of the ketone body β-hydroxybutyrate
(BHB) were not higher after 30 g intake of coconut oil compared to
sunflower oil (which was used as control, not including anyMCTs),
and intake of coconut oil in combination with carbohydrates did
not raise BHB. While mean venous BHB was close to 0.4 mmol/L
after the intake of coconut oil within a 16-h window without

carbohydrate intake, the same was true for sunflower oil, suggesting
that the effect was driven by the absence of carbohydrates rather
than specific properties of the coconut or sunflower oils.

2. Although both caproic (C6, sparingly consumed), caprylic

(C8), capric (C10), and lauric (C12) acid are referred to as medium-

chain fatty acids (MCFAs) in the literature, studies on “MCT-oils”

typically included triglycerides containing only C8/C10 (11), while
the generalizability of their ketogenic properties to C12 may have

been unclear. According to several publications since 2017, it now
appears that only C8 exhibits a substantial ketogenic effect, but not
C10 and C12 (10, 12–14).While C12 constitutes approximately half
the fatty acid content of coconut oil, C8 constitutes only 7% (11)
(Figure 1)—meaning that even at a daily dose of 60 g [as applied in
the study by Carrera-Juliá et al. (1)], coconut oil may not provide
substantial ketosis since the C8 content will only be ≈4 g. Findings
that C12 was ketogenic in astrocytic cell lines (15) might support
speculations on local brain ketogenesis, but as discussed by those
authors, “future studies are required to elucidate whether coconut
oil intake actually increases the local ketone body production in the
brain in vivo despite lower hepatic ketogenesis.” We are not aware
that such results have been reported anywhere.

3. The suggested BHB range for nutritional ketosis is
approximately 0.5–3.0 mmol/L, with possible adjustment
depending on whether the measurement is performed in capillary
or venous blood (9). Since the study by Carrera-Juliá et al. (1)
applied five meals per day with a carbohydrate target of 40 E% for
the “ketogenic” MeDi, BHB may not be expected to exceed 0.1
mmol/L (16). A ketogenic diet typically has a carbohydrate limit
of 10 E% or even lower, although 20 E% may be allowed in an
MCT-enriched ketogenic diet for pediatric epilepsy—where C8 is
the main constituent (17).

Similar concerns as ours have been raised regarding another
study co-authored by the first and last authors of the current
article (3). We stand behind the points discussed in that letter to
the editor by Klement (18), and our concerns remain even after
reading the authors’ response (19). Even though these authors
admitted that the label ketogenic was not appropriate, previous
(5) and subsequent (1, 2, 4, 6, 7) publications from the same
research group attributed elevated ketone concentrations as a
mechanism of their diet intervention—even though this is unlikely
(due to high carbohydrate content and low C8 content). Empirical
evidence from their previous articles clearly indicates the absence
of ketosis on the “ketogenic” MeDi: Although mean fasting BHB
increased significantly from 0.06 to 0.10 mmol/L from pre- to
post-intervention (2), this comparison is based on numbers that
are below the declared measurement range of the reagent (0.100–
5.75 mmol/L; https://www.randox.com/tag/d-3-hydroxybutyrate,
assessed 2023-09-28). Moreover, at concentrations below
0.2 mmol/L, BHB may not be a reliable proxy for total
ketones since acetoacetate might be the predominant ketone
body (9).

From the perspective of the cognitive health field, it is worth
noting that one of the aforementioned studies, which applied
MeDi—with a 55 E% target for carbohydrates—supplemented with
40 g coconut oil in patients with Alzheimer’s disease (5), has
been incorporated in several reviews on the impact of ketogenic
interventions on cognitive health (20–22), despite unlikely being
a ketogenic intervention. We encourage further studies on the
potential health effects of diets supplemented with coconut oil
but would interpret any such effect as most likely attributable to
other mechanisms than ketosis. To exemplify a (probably) non-
ketogenic pathway that might promote brain health, C10 and
C12 increased the degradation of the amyloid β-protein (23),
which may provide a rationale for research on the potential of
coconut oil for the prevention of Alzheimer’s disease. Further
rationales have been reviewed by Fernando et al. (24). The effects
of a diet labeled a modified Mediterranean-ketogenic diet—with
a carbohydrate target of 5–10 E%—have been studied in mild
cognitive impairment with promising results (25). However, even
in studies on strict carbohydrate restriction where substantial
ketosis is confirmed, there may be ambiguity on how important
ketosis is relative to other pathways for driving potential effects.
Outcomes related to cognitive health (26) (and other health
outcomes) may be affected by changes in the carbohydrate/fat
ratio even in the non-ketogenic range—leaving a possibility that
ketosis is primarily a marker for macronutritional changes and
not necessarily the predominant causal mediator. We recently
showed that cognitive performance exemplifies a health outcome
where the impact of macronutritional composition (in the
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absence of ketosis) might be substantial in certain subgroups
(27). In the current article on anthropometric variables (1),
the carbohydrate target differed between MeDi with (40 E%)
and without (51 E%) supplementation with coconut oil, which
may provide one alternative explanation for any differences
in outcomes.

During the review process of this commentary, we became
aware of a recent publication by Fernando et al. (28)—studying the
effects of coconut oil supplementation in combination with ≈50
E% carbohydrate intake on cognition in persons with Alzheimer’s
disease—which calls for additional comments since coconut oil is
referred to as a “ketogenic agent,” analogously with the study by
Carrera-Juliá et al. (1). No measured ketone concentrations were
reported in their study, and after reading the references used to
support that MCFAs are ketogenic (29–32), we failed to identify
any empirical evidence on the potential ketogenic effect of coconut
oil (or C12). In fact, one of those references (31) incorrectly states
that “. . . the major fatty acid in coconut oil being caprylic acid
(C8),” and another (30) uses the term MCT with reference to
an oil with only 2% C12 but 65–75% C8. The third reference
does not define MCFA/MCT (29) and the fourth refers to the
MCT trioctanoin (C8) (32). While the results are interesting, our
interpretation would be that the study by Fernando et al. (28) did
not compare differing ketone concentrations but other factors; one
such factor could be macronutritional changes, as discussed by
the authors.

To our understanding, inappropriate generalization of
empirical results mainly driven by C8 alone to the whole category
C6–C12 has been independently performed multiple times in
the literature—potentially giving rise to misunderstandings
regarding the properties of coconut oil. It might have its origin
in the fact that C6–C12 may indeed utilize two “metabolic
shortcuts,” as reviewed by Dayrit (11): 1. Uptake from the intestines
to the liver via the portal vein; and 2. Passive diffusion into
mitochondria without the need for carnitine assistance. Those
properties may have been assumed to be sufficient for rapid
ketone production, but possibly additional properties, e.g., at
the stage of beta-oxidation, are necessary and distinct for C8.
Such differences between C8 and C10 have been examined
by Sonnay et al. (33), and Christensen et al. showed that C12
may be elongated to LCFA in the carbohydrate-refed state
(34). Since MCT inconsistently refers to either C8, C8–C10, or
C6–C12, it may be essential to always specify the definition of
MCFA/MCT and check references for such definitions when
interpreting the literature. Even when we followed the reference
chains in a review on the topic (35)—including the statement
“Increased ketone levels, obtained through a balanced healthy diet
containing ketone precursors such as coconut oil and MCT”—we
did not identify empirical evidence targeting coconut oil or
C12. Furthermore, a more recent related review (36) states that
“dietary medium-chain triglycerides (MCTs) are metabolized into
MCFAs (6 to 12 carbons in length) that are then preferentially

metabolized into ketone bodies,” while their reference (37) targets
a C8-supplement.

Our previous failure to identify relevant evidence on coconut
oil or C12 provided the rationale for performing our randomized
controlled trial in older adults (10), which corroborated findings
in younger adults that had just been published by Vandenberghe
et al. (14), indicating that C8 but not coconut oil was substantially
ketogenic. Similar results were later reported by Baumeister et al.
(5), adding analyses on the additional impact of caffeine.

Within this commentary, we have not made any evaluation
of any of the discussed articles beyond examining the references
used to claim that coconut oil would be ketogenic. We have
shown that some concerns regarding the article by Carrera-Juliá
et al. (1) extend to multiple publications in the field. It may not
be excluded that we have missed identifying relevant evidence,
and we welcome any suggestion on a study reporting ketone
concentrations indicating ketosis after the intake of coconut oil
or C12 in the absence of carbohydrate restriction or additional
C8 intake. Until such evidence has been presented, it may
not be appropriate to define coconut oil supplementation as a
ketogenic intervention. In conclusion, regardless of the condition
of interest, the term ketogenic may be interpreted with caution in
the literature—not necessarily pointing toward the predominant
mediator at work.
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