
Fructose as a Driver of Diabetes:
An Incomplete View of the
Evidence

To the Editor: We are concerned that
the article byDiNicolantonio et al1 pub-
lished in the March 2015 issue ofMayo
Clinic Proceedings that implicated added
fructose as a driver of type 2 diabetes
misrepresented the data by placing un-
due emphasis on low-quality evidence
from ecological observations, animal
models of fructose overfeeding, and
selected human studies assessed in
isolation. It also ignored important bio-
logical mechanisms by which fructose
may assist in the metabolic handling
of glucose. If one considers the totality
of the highest-quality evidence from
controlled feeding trials and prospec-
tive cohorts, then different conclusions
are reached.

A series of carefully conducted sys-
tematic reviews andmeta-analyses2-9 of
more than 50 controlled trials that
included over 1000 participants of the
effect of fructose across a wide dose
range have failed to document a signal
for harm of fructose in isocaloric substi-
tution for other carbohydrates likely to
replace it (Figure 1). Contrary to the
hypothesis put forward by DiNicolan-
tonio et al,1 pooled analyses of the to-
tality of the evidence from these trials
show that fructose in isocaloric ex-
change for other sources of carbohy-
drate leads to clinically meaningful
improvements in glycemic control as
assessed by glycated blood proteins
(equivalent to a 0.57% reduction in he-
moglobin A1c, which exceeds the US
Food and Drug Administration
threshold of 0.3% for the development
of new oral antihyperglycemic agents)
in individuals with and without dia-
betes.2,3 Favorable results are also
seen in blood pressure, without any
adverse effects on other cardiometa-
bolic risk factors including insulin
sensitivity, body weight, fasting lipid
levels, postprandial lipid levels, uric

acid concentration, and markers of
nonalcoholic fatty liver disease in indi-
viduals with varying metabolic pheno-
types.2-9 DiNicolantonio et al implied
that bias from industry funding might
explain these favorable results among
the available controlled trials, but very
few of these trials were funded exclu-
sively by industry. The majority were
funded by a combination of agency
and industry or agency alone, and there
was no evidence of publication bias
across the end points.2-9

Prospective cohort studies, which
provide the greatest protection against
bias among observational studies
because of their long longitudinal
follow-up and the ability to adjust for
multiple confounding factors, have
also failed to document a direct rela-
tionship between fructose and diabetes.
Although pooled analyses of the avail-
able cohorts have revealed that sugar-
sweetened beverages (SSBs) as a source
of free fructose are associated with an
increased risk of diabetes when the
highest and lowest levels of exposure
are compared,10,11 pooled analyses
involving many of the same cohorts
have not found the same relationship
for total sugars, total sucrose, total fruc-
tose,12 or other sources of free fructose
such as 100% fruit juice11 and cakes
and cookies13 (Figure 2). The opposite
relationship (benefit) has also been re-
ported for fruit as a source of bound
fructose.14

Setting aside these discrepant find-
ings, if onewants to invoke the evidence
for SSBs as a proxy for all added
fructose-containing sugars, then one
has to ask how important a risk factor
is the intake of SSBs. A recent compara-
tive risk assessment revealed that the
burdenof disease andmortality attribut-
able to SSBs (that is, population-
attributable fraction) is still much less
than that of other established risk factors
measured among the cohort studies,
ranking 32nd among 57 risk factors
globally.15 Even among the dietary and
physical inactivity risk factors, SSBs

ranked 12th of 15 for both burden of
disease and mortality, and no other
sources of added fructose-containing
sugars were identified as risk factors.15

The question becomes why the
higher-level evidence disagrees with
the current hypothesis from DiNico-
lantonio et al.1 One reason may be
that the mechanisms being invoked
are not as relevant in humans as in
the animal models used to support
them. For example, although de novo
lipogenesis is extremely high (esti-
mated at �50%) with excessive fruc-
tose feeding (typically 60% of total
energy intake) in rodents, a careful re-
view of stable isotope tracer studies re-
veals that de novo lipogenesis from
fructose (as indeed from all carbohy-
drate) is a minor pathway for fructose
disposal in humans (estimated to range
from 0%-1% at moderate intake to up
to 5% with overfeeding in humans).16

Another reason for the differences
may lie in biologically plausible path-
ways that offset any harm and even
explain some benefits. Fructose has a
very low glycemic index (15), a factor
that led to an early interest in fructose
in diabetes management. Emerging
evidence also shows that low-dose
fructose (�10 g per meal) may benefit
glycemic control through its metabolite
fructose-1-phosphate by inducing
glucokinase activity. This catalytic
effect of fructose on hepatic glucose
metabolism has been reported to coin-
cide with (1) a decrease in hepatic
glucose production under hyperglyce-
mic clamp conditions in patients with
type 2 diabetes and (2) an increase in
glycogen synthesis by carbon 13 nu-
clear magnetic resonance spectroscopy
under euglycemic clamp conditions
in participants without diabetes.17,18

These mechanisms appear to be sus-
tainable over the long term. A system-
atic review and meta-analysis of
controlled trials of the effect of small
“catalytic” fructose doses (�36 g/d) in
exchange for starch reproduced the
favorable glycemic effects seen at
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Figure caption on next page.
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