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Conclusions

What have we learned from the above articles? Several les-
sons. First, perhaps the single most important message that is
confirmed here is that tissue and fluid levels of advanced
glycation end products are robustly linked to metabolic imbal-
ance and the associated disease progression risk, as in diabetes
and obesity. This is key to future research on the Maillard
Reaction in vivo, otherwise there would be no reasons to wor-
ry about AGE chemistries, sources and turnover rate, signal-
ing mechanisms, technological improvements and, above all,
designing novel pharmaceutical strategies to prevent the del-
eterious effects of AGEs. This leads us to the key question of
whether pharmacological therapy of elevated AGE levels will
ameliorate disease outcome. As reviewed by Forbes et al. this
strategy worked amazingly well in numerous rodent experi-
ments, but results were much less robust, if not altogether
equivocal, in humans with diabetes. There are various reasons
for this and perhaps the novel approach proposed by
Thornalley and colleagues, i.e. improving glyoxalase activity
by acting on its transcription factor Nrf2 will offer greater
promise. Paradoxically, however, one might never entirely
know whether any beneficial effect from such approach will
be the result from improved dicarbonyl or oxidative stress.
This is one reason why sophisticated high throughput quanti-

tation and imaging technologies will be needed to determine
which patients are expected to respond, and which patients
will be resistant to any treatment.

Only briefly covered in this issue is the critical question of
the systemic effects of dietary AGEs/glycotoxins, a field
pioneered by Helen Vlassara and her group. Piperi,
Boulanger and their respective colleagues each kindly contrib-
uted a paper to this issue and the reader is referred to the ap-
propriate literature for further information. This relatively novel
research direction in the field of the Maillard Reaction is, in our
view, of critical importance for the understanding of the Bgene
environment^ paradigm. We can tentatively place the risk of
heating highly heat processed foods in the same category of
health risks as elevated levels of blood cholesterol, blood pres-
sure, smoking, sedentariness, UV light exposure, or environ-
mental toxins: all have in common that they do not exert
perceivable damage for many years, until it is too late. They
also have in common that some people are more susceptible to
these insults than others, often for yet unclear reasons. The
main difference to date is that, while the other risk factors have
all been proven in multiple studies, research on the biomedical
effects of heat processed foods is in its infancy and long-term
research in the human with links to genetics and the
microbiome will be needed to rapidly determine who is at risk
and what kind of food AGEs are toxic to humans.

Looking at the broader picture, enormous progress in our
understanding of the Maillard Reaction in vivo and in food
science was achieved ever since the First International
Symposium on the Maillard Reaction was held in 1989 in
Udevalla. The reader is advised to consult the proceedings
of the past symposia as these often contain unique and em-
bedded information that is otherwise not easily accessible via
electronic means. A complete list is provided below (1–14).
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