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Sweet Dreams or Bitter Nightmare: Can We Trust on Fructose?
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Abstract

Fructose consumption has increased dramatically in the last century in the Western diets, associated with a
concomitant development of some physiopathologies like the metabolic syndrome, obesity and diabetes. While in
rodent model the link between fructose consumption and the cited metabolic perturbations is today clear, the evidence
that this could take place in humans at the current level of fructose consumption remains under debate. What is the
significance of the data described in animal models when translated to humans? Can we trust on fructose?

Introduction

Fructose is a natural sugar (with identical chemical formula than
glucose) that can be found in small amounts in non-manufactured
foods like fruits and honey. While fructose consumption has been
traditionally low for humans (limited to the natural sources mentioned
above) it has also increased dramatically in the last centuries, reaching
70 kg/person/year in 2006 [1]. To better understand this, we need to
look back to the 1960s, when the industry of the US starts to produce
in a very efficient and inexpensive way the so called high fructose corn
syrup (HFCS). The HFCS is not more than just a mix (in different
proportions) of corn-derived glucose and fructose, of which the most
common is the 55% fructose-42% glucose. As explained above, mainly
due to its low costs of production, the HFCS has replaced other sugar
sources in numerous food items, including soft drinks, sweet snacks
and cereals.

What is Wrong with Fructose Consumption?

May be the first concern about fructose intake is its own
metabolism. Unlike glucose, which is transported into hepatocytes
through a GLUT2 carrier and metabolized through glycolysis up to
the production of pyruvate and further acetyl-CoA, fructose does not
follow the same pattern of degradation. Instead, fructose is absorbed
in the gut (and partially metabolized in situ) through a GLUTS5 carrier
and then transported into the hepatocytes. Once inside, fructose is
not metabolized through glycolysis, but converted into fructose-1-
phosphate and then into trioses phosphate, skipping to the control of
insulin, ATP and citrate, and then being metabolized without further
regulation [2]. The consequences are dramatic; since the liver became
unable to handle the oxidation of the triose phosphate produced and
then shifts the metabolism towards the glycogen synthesis and de
novo lipogenesis, which ends by saturating the liver by lipids up to the
development of a rapid steatosis.

The concern about the excessive fructose consumption started in
the 1980s, when the HFCS starts to replace significantly other sugars in
the food industry. Later, the consumption of the soft drinks containing
high amounts of HFCS was suggested to increase in parallel with the
obesity in the US and finally the large amount of animal studies pointed
to the high fructose consumption as responsible for the development
of several features of the metabolic syndrome in only a few weeks [3].
Among the metabolic perturbations induced by fructose intake at
high proportions, the development of hypertriglyceridemia, glucose
intolerance and insulin resistance are critical for the further installation
of the metabolic syndrome. Other features also observed after the
intake of large amounts of fructose also include the hypertension and a
positive correlation with the acid uric levels.

The other reason why fructose consumption has attracted so
much attention to the scientific community is because this sugar is not
essential to any body function or metabolic functions in particular [4].
This is of special interest when comparing fructose to glucose, which
is used for all cells of the human body as source of energy. In this
sense, while the major carbohydrates dietary components consumed
by man where traditionally those present in grains (most of them
complex carbohydrates), fruit and honey, the total caloric sweeteners
consumption in the USA and Europe constitutes about 20% of the total
energy intake, with fructose representing 50% of this percentage [5].

Have been the Effects Reported in Animal Models
Observed in Humans?

While today there is no doubt about the effects of large amounts
of fructose intake (65% of fructose) in rodent, when the impact of
fructose consumption is discussed in the context of human metabolism
and physiology, the results do not seem to be equivalent. In this sense,
several critical reviews have discussed this matter in the last couple
of years, putting in evidence the lack of sufficient data pointing to a
deleterious fructose impact when consumed at moderate doses [4-7].

Most of the information relating the consumption of HFCS with
obesity came from epidemiological studies. However, the direct
evidence of such correlation is often limited [4]. Concerning short
and long-term interventional studies in humans, the data is also
under debate: at short-term Teff et al. [8], suggest that fructose leads
to obesity by passing the insulin and leptin control. However, further
studies demonstrated that the satiating effect of fructose drinks was not
higher than other isoenergetic beverages [9] and that the consumption
of sucrose-based drinks was not more beneficial than the consumption
of those drinks containing single monosaccharides, like those present
in the HFCS concentrates [10-12]. In the same sense, no studies up
to date have demonstrated that fructose consumption could increase
body weight at long-term in humans [13], at least with doses inferior
at 100 g/day [14].
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May be the aspect in which human studies follow the results
reported using animal models is that related to the fructose-induced
dyslipidemia [4, 5]. Acute studies in humans confirm what we have learn
from animal models, showing that fructose intake is able to increase the
appearance of VLDL particles [15], postprandial lipogenesis [16] and
circulating triglycerides levels [17]. Unfortunately, these interventions
with human volunteers were carried out using fructose doses (20-30%
total energyintake) thatlargely exceed the current fructose consumption
in Western countries (about 10% total energy intake). What is then the
relevance of such data? There is no doubt that fructose is able to alter
significantly the lipid metabolism in humans, with deleterious effects at
the short term. However, the doses used in the mentioned experiments
are too high and then no conclusions can be drawn from moderate
doses of fructose consumption. Given that no long-term studies
have been performed so far, the real impact of moderate fructose
consumption remains unknown. Moreover, while the increased
triglycerides levels seem to be systematically demonstrated, even with
high doses of fructose, the circulating concentrations remain far from
those observed in diagnosed dyslipidemic patients [5]. Nevertheless,
a possible deleterious effect of moderate fructose quantities cannot be
discarded at the long-term, since high circulating triglycerides levels are
associated with an increased risk of developing cardiovascular diseases,
and it is worth mentioning that fructose has been already associated
with hypertension in humans [18-20].

Another feature of the metabolic syndrome reported in rodent
models feeding high fructose diet is the fast development of insulin
resistance, which could be interpreted as a dysfunction preceding a
diabetic state. Paradoxically, fructose has been traditionally considered
as a performing therapy for diabetic patients given its low glycemic
index and the inability to induce insulin secretion. Short-term studies
in humans are, however, lacking and only after the intravenous
infusion of fructose a whole body insulin resistance was observed [21].
Nevertheless, this study needs to be interpreted carefully, since does
not evaluate the real effect of dietary fructose as inductor of insulin
resistance. Chronic studies are more numerous, but no exempt of
controversy. Effectively, fructose intake has been shown to induce
insulin resistance in humans after 1 up to 10 weeks of consumption
[22,23,13]. However, once again, the doses used are very high
(about 3.5 g fructose/kg BW) often reaching 25% of the total energy
requirement for healthy humans, suggesting that such effects could not
be interpreted for moderate doses. Actually, in those studies in which
moderate doses of fructose were used no impact was observed on insulin
sensitivity or glucose tolerance [5], suggesting that fructose is likely not
responsible of the alterations observed in glucose homeostasis also in
animal models. Whether or not longer exposures to fructose could,
through secondary mechanisms, lead to insulin resistance remains to
be elucidated.

Finally: can we trust on fructose?

The answer is that today there is not enough evidence of fructose
having a deleterious effect on human health when consumed at
moderate doses. It is, however, clear that numerous metabolic
alterations do take place in high-fructose fed animal models, but most
of them are no longer observed in humans with a normal fructose
intake. Nevertheless, it is worth mentioning that given the increasing
amount of fructose intake in the last 50 years in the Western countries
and the evidence obtained from animal models, the excess of fructose
in the diet should be conceived in the context of a healthier lifestyle, as
the long-term effects of its consumption are still unknown.
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