The Mediterranean diet as prevention strategy for
dementia as a multicausal geriatric syndrome

Dear Sir:

With great interest we read the article by Kesse-Guyot et al (1),
which is presented as evidence against the beneficial long-term ef-
fects of the Mediterranean diet on cognitive aging. Our own research
focuses on an Internet-mediated intervention on lifestyle changes,
including improving dietary habits (2). We acknowledge the great
value of a long-term follow-up study on the Mediterranean diet.
This long-term follow-up on cognition, linking it to the enormous
global threat of dementia in our aging societies, is the strongest point
of the study. However, the long-term gap in data collection is by far
the weakest point of the study, which makes the data very hard to
interpret and severely jeopardizes external validity for primary pre-
vention in daily practice.

As previously indicated, the 13-y follow-up period of the large
trial is impressive. However, we argue that the use of Mediterranean
diet adherence measures from the initial 1994-1996 period combined
with cognitive results from the 2007-2009 period is unreliable. At
best, there is an 11-y gap between both measurements. Within these
11 y, dietary habits of the entire population could have undergone
drastic changes. Given the fact that the unknown period is, at a min-
imum, 5 times longer than the period of measurement, the effects this
probably has on cognitive aging patterns far outweigh the effects of
the 2-y intervention period described in the article.

A very recent randomized trial on the Mediterranean diet in
middle-aged persons with high cardiovascular risk in Spain showed
a 0.70 (unadjusted hazard ratio with 95% CI: 0.53, 0.94) improve-
ment in the incidence of cardiovascular endpoints over 5 y of follow-
up with a Mediterranean diet enriched with olive oil or nuts (3). This
is in line with several positive health outcomes that previously have
been related to adhering to the Mediterranean diet . Kesse-Guyot et al
(1) do not specifically take these cardio- and cerebrovascular endpoints
into account in their study. We are curious about the positive effects
the study’s Mediterranean diet may have had on the onset of type 2
diabetes, high blood pressure, and cardiovascular diseases (4, 5). All
of these factors have been firmly associated with the way our brain
ages (6-8). Therefore, adherence to the Mediterranean diet mecha-
nistically is expected to have at least an indirect positive effect on
cognitive aging patterns. This is in contrast to this article’s conclusion
that the “study does not support the hypothesis of a significant neuro-
protective effect of a MedDiet on cognitive function.” By failing to
discuss this indirect effect of healthy nutrition on cognitive aging,
Kesse-Guyot et al (1) oversimplify the complex problem at hand.

In conclusion, we find the long-term effects of the Mediterranean
diet raised by Kesse-Guyot et al (1) very relevant but cannot share
their opinion that their results provide compelling evidence that the
Mediterranean diet does not provide a neuroprotective effect on
cognitive function. Methodologic flaws in monitoring the interven-
tion and the outcomes seriously weaken their lack of evidence for
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effect, which should not be confused with evidence for the absence
of effect. On the contrary, there are still strong arguments for long-
lasting beneficial effects of the Mediterranean diet. First, there is
increasing evidence that dementia among the elderly is not a mono-
causal neurological disease but a geriatric syndrome based on several
component causes, including neurodegenerative cortical loss, disorders
of cerebral circulation, nutritional deficiencies, and potentially many
others (9). This, together with the strong recent findings on the bene-
ficial effects of the Mediterranean diet on cardio- and cerebrovascular
endpoints, strongly supports the hypothesis that great beneficial effects
may be expected in populations that change their current Western diet
to a nutritional lifestyle that seriously adopts the Mediterranean diet.

The authors declared no conflicts of interest.

Teun Aalbers
Lia Baars
Marcel Olde Rikkert

Department of Geriatric Medicine

Radboud University Nijmegen Medical Centre
PO Box 9101 6500 HB

Nijmegen Netherlands

E-mail: t.aalbers@ger.umcn.nl

REFERENCES

1. Kesse-Guyot E, Andreeva VA, Lassale C, Ferry M, Jeandel C, Hercberg
S, Galan P; SU.VL.MAX 2 Research Group. Mediterranean diet and
cognitive function: a French study. Am J Clin Nutr 2013;97:369-76.

2. Aalbers T, Baars MAE, Olde Rikkert MGM. Characteristics of effective
Internet-mediated interventions to change lifestyle in people aged 50 and
older: a systematic review. Ageing Res Rev 2011;10:487-97.

3. Estruch R, Ros E, Salas-Salvadé J, Covas MI, Corella D, Ards F, Gémez-
Gracia E, Ruiz-Gutiérrez V, Fiol M, Laperta J, et al. Primary prevention of
cardiovascular disease with a Mediterranean diet. N Engl J Med 2013;
368:1279-90.

4. Dominguez LJ, Bes-Rastrollo M, de la Fuente-Arrillaga C, Toledo E,
Beunza JJ, Barbagallo M, Martinez-Gonzalez MA. Similar prediction of
decreased total mortality, diabetes incidence or cardiovascular events us-
ing relative- and absolute-component Mediterranean diet score: the SUN
cohort. Nutr Metab Cardiovas 2012; March 6 (Epub ahead of print;
DOI:10.1016/j.numecd.2011.10.009).

5. Esposito K, Maiorino MI, Ceriello A, Giugliano D. Prevention and control
of type 2 diabetes by Medterranean diet: a systematic review. Diabetes Res
Clin Pract 2010;89:97-102.

6. Exalto LG, Whitmer RA, Kappele LJ, Biessels GJ. An update on type 2
diabetes, vascular dementia and Alzheimer’s disease. Exp Gerontol 2012;
47:858-64.

7. Sords P, Whitehead S, Spence JD, Hackinski V. Antihypertensive treatment
can prevent stroke and cognitive decline. Nat Rev Neurol 2013;9:174-8.

8. de la Torre JC. Cardiovascular risk factors promote brain hypoperfusion
leading to cognitive decline and dementia. Cardiovasc Psychiatry Neurol
2012;2012:367516.

9. Strandberg TE, O’Neill D. Dementia—a geriatric syndrome. Lancet 2013;
381:533-4.

doi: 10.3945/ajcn.113.062232.

1411



1412
Reply to T Aalbers et al

Dear Sir:

We thank Aalbers et al for their letter with regard to our recent
publication on midlife Mediterranean diet adherence and subsequent
cognitive function (1).

In fact, as stated in the article, our aim was to explore the cross-
time association between midlife dietary exposure (adherence to
a Mediterranean diet) and subsequent cognitive function. Adherence
to a Mediterranean diet was assessed by using repeated 24-h dietary
records collected over a 2-y period. That time frame was chosen to
assess ‘‘usual, typical diet,” as is often done in longitudinal epi-
demiologic studies. We would like to clarify that our study did not
involve any intervention. In other words, we did not promote a Med-
iterranean diet (or any aspect thereof) in any way. Perhaps, a possible
source of confusion was the fact that the SU.VL.MAX participants
were recruited for an antioxidant intervention trial that was entirely
unrelated to the study of Mediterranean diet adherence and cognition.
The SU.VL.MAX protocol included the collection of self-reported
data on dietary intake (via repeated 24-h dietary records), and those
are the data used in the present study.

We agree that some major changes in dietary patterns might have
occurred for some individuals (but not for the entire cohort) during
the 13-y interval between the assessment of dietary exposure and
the cognitive evaluation. However, we believe that such changes are
less likely to occur in an observational context than in an interven-
tion context.

We feel that another point that merits clarification is the fact that
we did not have measures for, and thus did not assess, “‘cognitive
aging” or “‘cognitive aging patterns.” As noted in the article, we as-
sessed cognitive performance only at follow-up via a battery of 6
neuropsychological tests. As acknowledged in the Limitations section,
the lack of baseline or cross-time cognitive performance assessment
prevented the examination of cognitive decline. However, concern-
ing the possibility of reverse causality, the inclusion of healthy volun-
teers in a long-term cohort focused on nutrition ensures a low
probability of dietary habits modification due to cognitive impair-
ment. Even though residual confounding is always possible, the
extensive statistical adjustment also helped to limit the effect of
preexisting differences in cognitive performance.

As discussed in our article, our prior work bears on cognitive
performance studies with a similar design but with different dietary
exposures of interest (2, 3). The presence of significant associa-
tions in those studies argues for explanations of the findings that
go beyond the methodology. In turn, a feasible explanation for the
lack of support for a beneficial role of adherence to a Mediterra-
nean diet in cognitive performance is the fact that the level of
adherence to such a diet was potentially too low or that such
a diet was relatively uncommon in our population, which pre-
vented the detection of an association with subsequent cognitive
performance.

With respect to the underlying biological mechanisms and the po-
tential indirect role of such a diet, in the Introduction of the article we
noted that the “MedDiet constitutes a promising approach in the pre-
vention of cognitive decline or risk of dementia due to its direct and/
or indirect impact on brain aging through its nutritional constituents
which may enhance neuronal plasticity, counteract inflammation and
oxidative stress, and improve vascular parameters (4-7).” Because
our hypotheses concerned only the direct impact of adherence to a
Mediterranean diet on cognitive performance, our analyses were exten-
sively adjusted for vascular and cardiometabolic factors including
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BMLI, history of diabetes, history of hypertension, and prevalent car-
diovascular diseases.

Finally, we would also like to stress that our findings do not pro-
vide any sort of “‘compelling evidence’ against adherence to a Med-
iterranean diet. In fact, we acknowledge that such a diet might in fact
have a potential beneficial long-term impact on health.

Indeed, we mentioned in the Introduction that a high level of ad-
herence to such a diet has been associated with improved health out-
comes (8, 9). With the use of data from the SU.VI.MAX cohort, we
previously reported a beneficial role of a Mediterranean diet in meta-
bolic syndrome (including most of its components) (10) and in
overweight/obesity (11). We did not observe a direct cross-time as-
sociation between adherence to a Mediterranean diet at midlife and
subsequent cognitive performance, which does not preclude an over-
all beneficial effect of such a diet on morbidity and mortality, arguing
for the promotion of the Mediterranean diet in a primary prevention
context.

None of the authors had any conflicts of interest related to the contents of
this letter.
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Self-report-based estimates of energy intake offer
an inadequate basis for scientific conclusions

Dear Sir:

It has been 23 y since one of us (DAS) examined data from 9
studies that compared self-reported energy intakes (EIs) with
measurements of EI made by use of the doubly labeled water
(DLW) method. At that time, we detected substantial biases and
inaccuracies in self-reported Els such that we concluded, ‘“‘Be-
cause the greatest bias was observed in obese subjects, current
methods for self-reported energy intake are not recommended
for use in obesity research” (1). Despite this, yet another new
publication has used self-report data and arrived at the conclusion
that ‘““after decades of increases, mean energy intake has de-
creased significantly since 2003-2004"" (2). Although the CDC
has led a historic effort to reverse the obesity epidemic, that does
not justify their investigators using 40 y of self-reported EI data
from the NHANES unless some reason exists to conclude that
the accuracy of dietary reporting has substantially improved since
the publication of those earlier caveats. Unfortunately, this is not the
case. Rather, other reports would suggest that bias in reporting of
energy intake may even have increased (3). Hence, the conclusions
of Ford and Dietz (2) cannot be supported by the EI data they
present.

Are the EI data from NHANES valid?

The average values for EI in the NHANES data set range
from a low of 1972 kcal/d to a high of 2267 kcal/d. These values
are not physiologically plausible. With the advent of the DLW
method, it became possible to compare EI with objectively mea-
sured total energy expenditure and hence energy requirements
for weight maintenance (4). The Observing Protein and Energy
Nutrition study in 484 middle-aged, healthy adult subjects used
the National Cancer Institute’s 5-pass 24-h recall system, a pro-
tocol almost identical to the NHANES method for collecting
dietary data that has been in use for more than a decade, and
found that self-reported intakes averaged 2170 kcal/d. This fig-
ure is very similar to the 2220 kcal/d reported by Ford and Dietz
for that same 1999-2000 period. Biomarker total energy expen-
diture, however, averaged 2532 kcal/d, indicating a 14% under-
reporting of EI by self-report. This finding is not an outlier.
Systematic underreporting of EI has been found in almost all
validations of EI against objectively measured energy expendi-
ture, thus repeatedly showing that self-reported EI is invalid (5,
6). Indeed, we can apply thermodynamic models (7, 8) to ex-
press the self-reported EI reduction of 98 kcal/d between 2001—
2005 and 2007-2010 in terms of weight loss. For example, 2
separate body weight calculators (http://bwsimulator.niddk.nih.
gov/ and http://www.pbrc.edu/research-and-faculty/calculators/
sswep/) consistently predicted an improbable population-wide
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weight loss of ~3.5 kg resulting from this self-reported reduc-
tion in EIL

Might the reporting error have increased in recent years?

Not only are self-reported EI data subject to too much system-
atic error (bias) to be used as a research tool to track energy bal-
ance, but we think it is plausible that the magnitude of the bias
may have increased in recent years. Furthermore, it is likely that
the reduction in self-reported EI does not reflect a reduction in ac-
tual EI. The degree of underreporting is positively related to BMI,
at least partially under volitional control, and is likely motivated
by social desirability (9). Furthermore, as has been shown, in-
terventions that emphasize the importance of some behaviors
can lead to increases in reporting error because the participants
modify their reports in the desired direction independently of
actual behavior change (10). In other words, we “teach” sub-
jects the relevant socially acceptable responses (11). As such,
ubiquitous media and public health messages about the impor-
tance of combating obesity (12), in which the primary focus has
been on eating less, may explain the increasing downward biases
in self-reported EI. It is also likely that increased underreporting
of foods high in sugar and fat has played a role (3). The in-
creased downward bias in self-reported EI may parallel the in-
creased downward bias in self-reported weight exhibited in recent
years (13).

Conclusions

In conclusion, the data analyzed by Ford and Dietz do not
justify the conclusion that EI has decreased among US adults
in recent years. We recognize that there is great interest in study-
ing food intake among free-living individuals in large samples.
We also recognize that in such large studies, self-report may
be the only measurement tool that is practical and may well pro-
vide data in regard to dietary patterns. Although Ford and Dietz
acknowledged the limitations of self-reported food intake, the
common argument that it is the best available method does
not make it adequate. Erroneous conclusions derived from
self-reported EI may adversely affect policy decisions involving
obesity.

Lord Kelvin once said, “In physical science a first essential
step in the direction of learning any subject is to find principles
of numerical reckoning and practicable methods for measuring
some quality connected with it. I often say that when you can
measure what you are speaking about and express it in numbers
you know something about it” (14). More than 20 y ago when
DLW data became available, the assumption that self-reports of
EI could be used to generate valid conclusions came to an end.
Going forward, we should accept that self-reported EI is fatally
flawed and we should stop publishing inaccurate and misleading
EI data. With the advent of new validated tools for estimating
EL such as thermodynamic models (7, 8), remote sensing de-
vices (15, 16), and remote food photography (17), we should
work toward applying, improving, and extending these methods
for measuring EI in free-living persons rather than continuing to
rely on self-report.

None of the authors has a direct financial connection, such as stock owner-
ship, etc, to organizations that have a financial interest in the outcome or topic
of this letter. Collectively, the authors have consulted for and/or received re-
search funds from government organizations, nonprofit organizations, food
and beverage companies, pharmaceutical companies, weight-loss companies,
and companies that market devices for physical activity.
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PUFAs in sickle cell disease

Dear Sir:

Sickle cell disease, an autosomal recessive genetic disorder charac-
terized by a specific mutation in the f-globin gene, contributes to
increased incidence of vaso-occlusive crisis, stroke, and anemia (1).
In addition, hypoxemia, hyperemia, and silent cerebral infarction seen
in ~22% of those with sickle cell anemia may result in cognitive
dysfunction (2). Because there is no direct correlation between the
number of irreversible sickled cells and vaso-occlusive crisis, Daak
et al (3) studied a possible beneficial action of supplementation of n—3
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PUFAs, EPA (20:5n-3) and DHA (22:6n-3), in patients with homo-
zygous sickle cell disease in a randomized, placebo-controlled, double-
blind trial and noted a significant decrease in the vaso-occlusive events,
severe anemia, blood transfusion requirement, and white blood cell
count and overall improvement in their general condition. This clinical
study was based on the previous observations that steady state sickle
cell disease has abnormal red blood cell, platelet, and mononuclear cell
PUFA composition in the form of elevated arachidonic acid (AA,
20:4n-6), adrenic acid (22:4n-6), and osbond acid (22:5n—6) and de-
creased linoleic acid (18:2n-6), EPA, and DHA (4).

In this context, it may be noted that in sickle cell anemia there could
occur a deficiency of prostacyclin (PGI,) and an excess of thrombox-
anes and leukotrienes and other proinflammatory and proaggregatory
eicosanoids, which results in an imbalance between pro- and antiag-
gregatory substances, leading to adhesion of red blood cells, platelets,
and mononuclear cells to the endothelium, which may lead to veno-
occlusion (5-9). PGI,, thromboxane (TX) B, and leukotriene (LT)
B4, and LTD, are derived from AA, and enhanced concentrations of
AA were noted in sickle cell disease, which led to the suggestion
that enhanced plasma concentrations of AA are the source of
these proaggregatory substances. It is noteworthy that eicosanoids
derived from EPA, although less proaggregatory, are nevertheless
proaggregatory in nature. Hence, I suggest that the beneficial action of
EPA and DHA observed by Daak et al (3) is unlikely to be due to the
fatty acids themselves and/or formation of less proinflammatory and
less proaggregatory eicosanoids but could be ascribed to the formation
of lipoxins, resolvins, and protectins from various PUFAs that are
potent antiinflammatory and antiaggregatory bioactive lipids.

Under normal physiologic conditions, it is likely that a balance
is maintained between pro- and antiaggregatory substances. Thus,
veno-occlusion seen in sickle cell anemia, at least in part, could be
attributed to a deficiency of antiaggregatory and antiinflammatory
substances. In this context, it is important to note that AA, EPA,
and DHA form precursors to antiaggregatory and antiinflamma-
tory bioactive lipids: lipoxins, resolvins, and protectins. [ suggest
that altered concentrations of AA, EPA, and DHA in sickle cell
anemia leads to decreased formation of lipoxins, resolvins, and pro-
tectins. The enhanced concentrations of proaggregatory thromboxanes,
leukotrienes, and other eicosanoids in sickle disease anemia reflect the
absence of negative feedback regulatory control exerted by lipoxins,
resolvins, and protectins on the formation of proaggregatory eicos-
anoids. Furthermore, PUFAs and lipoxins, resolvins, and protectins
seem to have antibiotic-like actions (10, 11), which may be an added
benefit to these patients, because patients with sickle cell anemia are
more prone to develop infections.

In this context, it is interesting to note that forced expression of tes-
ticular receptor (TR) 2/TR4 (a pair of nuclear receptor “orphans”) in
adult murine erythroid cells enhanced fetal y-globin gene expression
in transgenic mice, resulting in elevated fetal hemoglobin (HbF) syn-
thesis, and alleviated the disease phenotype. In a “humanized” sickle
cell model mouse, forced TR2/TR4 expression increased HbF abun-
dance from 7.6% of total hemoglobin to 18.6%, accompanied by
increased hematocrit from 23% to 34% and a reduction in reticulo-
cytes from 61% to 18%, suggesting a significant reduction in hemo-
lysis, reduced hepatosplenomegaly, and liver parenchymal necrosis
indicating alleviation of pathophysiologic characteristics (12). Fur-
thermore, reduced cluster of differentiation (CD) 36 expression with
reduced foam cell formation was noted in TR4 '~ mice due to the
ability of TR4 to induce CD36 protein and mRNA expression via
transcriptional regulation. Interestingly, it was reported that TR4-
mediated CD36 transactivation can be further enhanced by n-3 and
n—-6 PUFAs and their metabolites such as 15-hydroxyeicosatetraonic
acid (15-HETE) and 13-hydroxyocta-decadieonic acid (13-HODE)
(13). These results suggest that the beneficial action of EPA/DHA
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noted by Daak et al (3) could be due to enhanced formation of HbF
as a result of the action of these fatty acids on TR2/TR4.

Hence, measuring plasma and urinary concentrations of lipoxins,
resolvins, and protectins and HbF in patients with sickle cell anemia
supplemented with EPA/DHA may prove to be interesting. As dis-
cussed above, further studies are needed to know whether administra-
tion of lipoxins, resolvins, and protectins may be beneficial in the
prevention and management of sickle cell crisis, veno-occlusion,
and other complications of sickle cell anemia. Furthermore, these bio-
active lipids have a regulatory role in the survival, proliferation, and
differentiation of stem cells (14, 15), which implies that the use of
lipoxins, resolvins, and protectins may be useful in overcoming the
development of anemia, partly by enhancing the generation of HbF.

The author was in receipt of Ramalingaswami Fellowship of the Depart-
ment of Biotechnology, New Delhi, during the tenure of this work. The author
did not declare any conflicts of interest.
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Reply to UN Das

Dear Sir:

We thank Das for his interest in our article (1) and for proposing
a possible mechanism for the efficacy of omega-3 (n—3) fatty acid in
ameliorating vaso-occlusive crisis and hemolytic events in homozy-
gous sickle cell patients.

The purpose of our randomized placebo-controlled trial was to
investigate efficacy and safety and not to elucidate mechanisms un-
derlying the beneficial effects of omega-3 fatty acids. Nevertheless,
the points raised by Das are worth discussing because of their rele-
vance for future mechanistic studies.

Das, after highlighting the chronic inflammatory and hypercoagulable
state that characterizes sickle cell disease and the imbalances of
prostacyclin (PGI,), thromboxanes, and leukotrienes observed in
patients with the disease, stated that the beneficial action of EPA
and DHA in patients with the disease is “‘unlikely to be due to the
fatty acids themselves and/or formation of less proinflammatory
and less proaggregatory eicosanoids but could be ascribed to the
formation of lipoxins, resolvins, and protectins from various PUFAs
that are potent antiinflammatory and antiaggregatory bioactive
lipids.”” Although it is not justifiable to be so conclusive without
any supporting evidence, we do not necessarily disagree with his
assertion. Indeed, in our article, the carefully worded paragraph
related to the potential mechanisms does not exclude the suggested
mode of action for the efficacy. It reads, “EPA and DHA, and their
respective metabolites, are known to exert a myriad of biochemical
and biological effects, directly and indirectly, including through
competitive inhibition of actions of AA and its metabolites. However,
the synergistic effects of decreased inflammation, blood cell aggrega-
tion, adhesion and oxidative stress, and of increased vasodilation and
blood flow may have played a critical role in the amelioration of vaso-
occlusive and hemolytic crises in the patients.”

It is widely accepted that fetal hemoglobin is a potent modulator of
hematologic and clinical features of sickle cell disease (2), and lip-
oxins, resolvins, and protectins have been shown to have ubiquitous
function and diverse potential clinical benefits (3—5). Hence, we fully
agree with Das that future studies pertaining to omega-3 fatty acids
and sickle cell disease should measure the aforementioned variables.

Das states, “‘Further studies are needed to know whether admin-
istration of lipoxins, resolvins, and protectins may be beneficial in the
prevention and management of sickle cell crisis, vaso-occlusion, and
other complications of sickle cell anemia.”” This is a very interesting
idea that is worth testing, perhaps initially in an animal model of the
disease. Sickle disease is a multifactorial condition with a diverse and
wide spectrum of biochemical, hematologic, and clinical features
such as vaso-occulusion (6), hemolysis (7), oxidative stress (8),
chronic inflammation (9), and blood cell membrane defects (10).
Therefore, a single multifunctional or combination therapy is nec-
essary to help ameliorate the varied abnormalities of the disease.
Indeed, the reason we hypothesized that omega-3 fatty acids (EPA
and DHA) might be an effective treatment of sickle cell disease is
because of their role in receptor function, signaling, membrane
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fluidity, and oxidative protection and as precursors of bioactive com-
pounds. Because bioactive lipids are synthesized from membrane
fatty acids, a proportion of the supplemented EPA and DHA, after
incorporation, would have been converted to their respective me-
tabolites. Regardless, the reductionist reasoning of attributing the
observed beneficial effects of EPA and DHA to the synthesized
lipoxins, resolvins, and protectins seems to disregard the possible
contributions of the other vital biological functions of omega-3 fatty
acids in the mitigation of vaso-occlusive and hemolytic crises in the
patients. In our opinion, bioactive lipids might be effective in alle-
viating inflammation in sickle cell patients but they are unlikely to
constitute an effective substitution of omega-3 fatty acids in the
management of sickle cell disease.
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