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RESUMEN

Introduccion. La industria del azucar se ha opuesto a aceptar que sus productos pueden ser la causa raiz principal de la
pandemia de enfermedades no transmisibles. Objetivo. Analizar las bases que sustentan las posiciones acerca de limitar
el consumo de fructosa que se agrega a bebidas y alimentos industrializados mediante la identificacion de conceptos
principales en articulos de revision. Método. Se hizo una busqueda en PUBMED con los términos ("fructose"[MeSH
Terms] OR "fructose"[All Fields]) AND ("diabetes mellitus"[MeSH Terms] OR ("diabetes"[All Fields] AND "mellitus"[All
Fields]) OR "diabetes mellitus"[All Fields]) AND ("review"[Publication Type] OR "review literature as topic"[MeSH Terms]
OR "review"[All Fields]). Resultados. La blisqueda obtuvo 246 revisiones donde se localizaron 43 que se referian de
manera especifica a los efectos metabdlicos de la fructosa en la historia natural de la diabetes mellitus de tipo 2. En
ellos se analizaron los efectos de la fructosa en obesidad, resistencia a la insulina, higado graso, sindrome metabdlico,
envejecimiento prematuro, hiperuricemia, hipertensién, diabetes, dafio renal, enfermedad cardiovascular. Sin aportar
datos a favor de la inocuidad de la fructosa agregada a bebidas y alimentos, los autores con conflicto de interés
desacreditan esos resultados. Conclusiones. Los manuscritos de autores con conflicto de interés sirven para sustentar
posiciones escépticas hacia la evidencia cientifica.

Palabras clave: Conflicto de interés; Industria de alimentos y bebidas; Fructosa; Enfermedades no transmisibles.

SUMMARY

Introduction. The sugar industry has opposed accepting that its products may be the main root cause of the pandemic
of noncommunicable diseases. Objective. Analyze the bases that support the positions about limiting the consumption
of fructose that is added to industrialized beverages and foods through the identification of main concepts in review
articles. Method. A search was made in PUBMED with the terms ("fructose"[MeSH Terms] OR "fructose"[All Fields])
AND ("diabetes mellitus"[MeSH Terms] OR ("diabetes"[All Fields] AND "mellitus"[All Fields]) OR "diabetes mellitus"[All
Fields]) AND ("review"[Publication Type] OR "review literature as topic"[MeSH Terms] OR "review"[All Fields]). Results.
The search obtained 246 reviews where 43 were located that specifically referred to the metabolic effects of fructose
in the natural history of type 2 diabetes mellitus. The effects of fructose on obesity, insulin resistance, fatty liver,
metabolic syndrome, premature aging, hyperuricemia, hypertension, diabetes, kidney damage, cardiovascular disease
were analyzed. Without providing data in favor of the safety of fructose added to beverages and foods, authors with a
conflict of interest discredit these results. Conclusions. The papers of authors with conflicts of interest serve to support
skeptical positions towards scientific evidence.
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Introduction

Type 2 diabetes mellitus (T2DM) is a disease
characterized by hyperglycemia that has had
dramatic increases in recent decades. DMT2 and
other non-communicable diseases (NCDs)
account for four out of every five deaths in the
Americas (1). The understanding that T2DM is a
long-standing subclinical disease gave greater
relevance to the identification of prediabetes
(preT2DM) and to the search for previous
metabolic abnormalities such as insulin
resistance or low-grade inflammation (2).
Therefore preT2DM were increased, in 2017 it
was estimated at 86 million people with
prediabetes only in the United States. That
means than one in every three inhabitants over
20 years old in that country had this disease (3).
Without taking away the importance of
sedentary lifestyle or genetic predisposition,
T2DM is produced mainly by modifications in the
exposome by the adoption of modern
industrialized diets (4). Modern industrialized
foods, especially because of their fructose
content, produce stress on the genes, either by
base sequence or by epigenetic modifications
(5). Fructose added to foods and beverages can
produce deleterious effects at various levels,
because that it is the main root cause for obesity,
T2DM, and many other NTD.

Added fructose can directly produce fatty liver
that progresses to cirrhosis (5-8). ATP depletion
and elevation of uric acid (5-9), which causes
inhibition of vascular nitric oxide expressed as
hypertension and cerebral infarction (10-11),
causes too modification in the expression of RNA
genes that produces disturbances in the
expression of DNA genes. That results in a
decrease in insulin sensitivity and increased
maturation of preadipocytes to adipocytes (12-
14), fetal oxidative stress and changes in food
perception, as sweet addiction from the
intrauterine stage (15-16).

This may be the reason why the expectations of
the late twentieth century for T2DM were greatly
exceeded (17). New projections consider that in
the scenario where T2DM has low mortality and
the slope of increase is maintained, by 2050 the
prevalence will be 33% (18), with an increase in
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cases in young patients, so the diagnosis should
be considered from adolescence (19-20). In this
context, fructose is added to beverages and
foods, without being the only but the main root
of the metabolic modifications that cause NCD,
in a context related to pro-inflammatory diets
(21-25). However, in  opposition the
recommendations based on evidence about
limiting the consumption of these products, the
sugar industry promotes that scientific data are
controversial and not conclusive. In this
situation, the objective of this research is to
identify the main arguments of the controversy
about the consumption of fructose in the context
of T2DM (figure 1).

Methods

A qualitative systematic review was made. All
data used in this study were obtained from
PubMed databases, searched in April 2018. To be
included, all the publications had to fulfill the
following criteria: (i) to be published in peer
reviewed journals, (ii) to contain independent
data, (iii) to be experimental and association
studies, and (vi) to be written in English. The
exclusion criteria were as follows: duplicated
publications, studies of cases only or case
reports, and papers that did not have enough
data available.

The role of fructose in the etiopathogenesis of
T2DM was selected for which a search was made
in PUBMED with the concepts ("fructose" [MeSH
Terms] OR "fructose" [All Fields]) AND ("diabetes
mellitus" [MeSH Terms] OR ("diabetes" [All
Fields] AND "mellitus" [All Fields]) OR "diabetes
mellitus" [All Fields]).

Since 2002 articles were found, it was decided to
analyze the reviews about the role of fructose in
diabetes. A redefined search was made in
PUBMED with the terms ("fructose" [MeSH
Terms] OR "fructose" [All Fields]) AND ("diabetes
mellitus" [MeSH Terms] OR ("diabetes" [All
Fields] AND "mellitus" [ All Fields]) OR "diabetes
mellitus" [All Fields]) AND ("review" [Publication
Type] OR "review literature as topic" [MeSH
Terms] OR "review" [All Fields]).

The search obtained 246 items. 37 specifically
referred to the metabolic effects of fructose in
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Figure 1. Processes by which the industry of drinks and foods with fructose modulates policies about the use of its

products.
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the natural history of T2DM. In eight of them, the
authors had a conflict of interest (26). Conflicts of
interest refer to receiving funding from the
industry, doctoral grants, consultant fees, and
nutrition or diabetes foundations (27). These
papers were contrasted with the information of
those made by authors without this type of
financing.

Results

Studies on fructose in late nineteenth and early
twentieth centuries considered that it could be
tolerated better than other monosaccharides in
patients with diabetes mellitus prior to the use of

insulin and oral hypoglycaemic agents. Studies
from the middle of the last century described the
metabolic differences between fructose and
other monosaccharides in tissues, animals and
humans with and without diabetes (27-28).
Mainly because insulin did not appear to be
required for the metabolism of fructose (29), it
was led the promotion of fructose in patients
with T2DM (29). The ingestion of fructose
produces lower elevations of the postprandial
glycemia and lower insulin release than other
carbohydrates (30-32). The use of fructose due to
its lower glycemic effect appears again in recent
reviews (33-35), in spite of it is known that
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fructose produces hypertriglyceridemia and
decreased insulin sensitivity (36-38). Fructose
can cause de novo lipogenesis because enhance
the basal level of apoB48 (39).

It is well supported that fructose ingestion is
associated with obesity, accelerated aging,
insulin resistance, T2DM, nonalcoholic fatty liver
disease (NAFL), hypertriglyceridemia,
hyperuricemia, chronic diarrhea, irritable bowel
syndrome, urticaria (38,40-48), cardiovascular
disease (49), breast cancer (42), cognitive
impairment and dementia (47).

The associations between hyperuricemia, gout,
and T2DM are from the middle of the last century
(50). Although it was not known that fructose
produced ATP deprivation since
phosphofructokinase does not have a repression
system [51], which increases the level of this
metabolite (41,50). Subsequent studies showed
that fructose produces reduced hepatic post-
insulin receptor signaling and reduced insulin
suppression of glucose production (52). The two-
hits model for nonalcoholic fatty liver disease
was also described in detail, which explains the
pathogenesis of the metabolic syndrome (51,53-
54).

Focusing on the diets, restriction of fats in the
diet was shown accompanied by a lower
probability of obesity if the high consumption of
sugar is maintained (9). The vegetables that
contains fructose, as fruits, have a protective
effect against diabetes and cardiovascular
disease because they are eaten whole (unlike
what happens when the juice is extracted). The
opposite occurs with foods with added sugar
(55).

On the reviews of researchers with conflicts of
interest it was questioned the scientific evidence
in previous papers. They suggest that to cope
with T2DM, "avoiding intake of excess calories
(from sugar) until solid evidence to support
action against fructose until solid evidence is
available" (56-57). No conclusive evidence was
found to determine that the consumption of
fructose or sucrose is a cause of disease in
humans, despite the large amount of evidence in
animals because studies showing this effect have
methodological limitations (58). “While high
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amounts can be problematic, low consumption
of sugar has benefits” (59-60). Cohort studies, as
prospective or controlled studies, “do not show
that high fructose syrup produces prediabetes or
diabetes” (61-62).

Discussion

Some of the allegations from several industry-
funded studies focus on the fallacy of the false
dilemma: a) sugar, especially in the form of high-
fructose syrup, added to beverages and foods is
a cause of obesity and diabetes, versus b) sugar
does not cause obesity and diabetes. According
to them, since it has not been possible to
demonstrate a homogeneous dose-response
effect in all the experimental groups, premise b)
is correct. Therefore, in industry-funded studies,
it is argued that there is no creation of univocal
risk of obesity or disease under conditions of
isocaloric exchange of fructose for any
carbohydrate (63), even when observed in non-
human animals (60): However, epidemiological
studies have found an association between the
consumption of simple sugars, mainly in the form
of beverages rather than in food, and more with
fructose than with glucose (9,12,44).

Other arguments to support the interests of the
industry-funded studies are: noncommunicable
diseases are multifactorial, therefore the
pandemic of these diseases can’t be attributed to
any food (56,61-62). The upper limit for the
ingestion of fructose or sugar added to
beverages and foods has not been determined,
thus no recommendations can be made to limit
sugar consumption to a quantity (59,61). Studies
showing the possible effects of sucrose or
fructose on the generation of noncommunicable
diseases are inconclusive (61). In the industry-
funded studies, the data showing an association
between noncommunicable diseases and the
consumption of sugar added to beverages and
foods are misinterpreted in order to discredit the
results as a whole (straw man fallacy).

The studies with industry funding are structured
primarily in a systematic review format with
meta-analysis in accordance with the
recommendations of the Cochrane Library
Manual (64). In the text, it is made explicit that
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the more accurate the research question
(objective of the review) the greater the strength
of the results of the analysis. In the studies with
industry funding, the question is not elaborated
with a definite aim. This interferes with the
delineation of the criteria that would be
considered in a specific review.

Those reviews were structured based on
questions such as “evaluate the need for
additional clinical evidence regarding the effects
of fructose consumption on uric acid in humans”
(58); “is there something special about fructose
metabolism that increases the risk of obesity and
chronic disease, or is the harm is related just to
the excess calories it provides” (60); “some of the
abnormalities  associated  with  fructose
metabolism, such as hypertriglyceridemia and
hepatic insulin resistance, may be merely a
reflection of the specific pathways of fructose
metabolism rather than markers of disease” (61).
This last statement shows the intention of a
position of skepticism in the face of the evidence
that both hypertriglyceridemia and hepatic
resistance to insulin are metabolic problems that
may reflect progression towards non-alcoholic
fatty liver disease (NAFLD), whose prevalence in
children is high (65). In turn, NAFLD may have
progression to prediabetes and diabetes mellitus
type 2, presenting at pediatric ages (66), where
the intake of sugar added to beverages and food
is a significant contributor since it is added to
beverages and baby foods .

A review question should be structured in a
defined manner, preferably in a single sentence,
based on four key components: the types of
population or participants, the types of
interventions, the types of comparisons between
study groups, and the types of outcome (PICO, by
its acronym) (64). This definition supports the
type of study design that is the basis for the pre-
established eligibility criteria for the review.
Studies should have groups to compare the
effects, eg dexamethasone against prednisone in
mild to moderate asthma, oral vs. intramuscular,
single dose versus three days of treatment (67).
On the contrary, industry studies, while
presenting tables for different groups, do not
make strict distinctions between study design or
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food intake from other sources in the reviews
and included high proportions of studies of poor
quality (58). While noting these methodological
differences as failures attributable to studies
(61), including them distorts the results of
systematic reviews.

The wide questions are valid at the beginning of
a review, but these approaches fall into the
possibility of adding different types of situations
(such as "apples with oranges"). In the case that
a question of this type does not fragment into
minor problems, interpretation can be difficult
due to heterogeneity. Ambiguous conclusions
emanating from  extensive analysis of
heterogeneous sources would consequently
cause the degradation of the evidence as a
whole, which could be the intention of the
authors (26).

Finally, in order to evaluate the long-term effects
of fructose in the system, such as the possibility
of developing T2DM diabetes or hypertension,
both chronic diseases, it is not appropriate to
consider studies of very short duration, except to
make explicit the fact that They can answer the
question of interest. Considering studies with a
duration of 1, 2, 12 weeks confer an important
bias, more when uric acid values were not
considered as a central point of the studies
analyzed in the systematic review and meta-
analysis about this metabolite (58).

Conclusions

The studies with industry financing focus mainly
on the lack of sustenance to establish a limit for
sugar added to beverages and food from the
point of view that it is not the only responsible
factor in the pandemic of non-communicable
diseases. While in the context of obesity and
non-communicable diseases the addition of
fructose to beverages and foods is not the only
factor, it is a part of the greatest relevance in the
problem. But recognizing that it is not the only
one does not mean that it can be considered as
incorrect to establish lower limits to the amount
of sugar and fructose that is ingested. Therefore,
the definition of inflammatory diets where added
sugar is an important component will allow to
better raise the recommendations about the



Mufioz-Cano JM., et al

maximum limit for the ingestion of this nutrient
as an addition to beverages and foods.
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