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Although some investigators have hypothesized that ingestion of fructose from foods and beverages is responsible for the
development of hyperlipidemia or obesity, a recent evidence-based review demonstrated that there was no relationship
between the consumption of fructose in a normal dietary manner and the development of hyperlipidemia or increased weight
in normal weight individuals. Because overweight and obese individuals may exhibit metabolic abnormalities such as insulin
resistance, impaired glucose tolerance, hyperlipedemia, and/or alterations in gut hormones involved in appetite regulation,
the findings of fructose studies performed in normal weight subjects may not be particularly relevant for overweight or
obese subjects. A systematic assessment of the strength and quality of the studies and their relevance for overweight or obese
humans ingesting fructose in a normal dietary manner has not been performed. The purpose of this review was to critically
evaluate the existing database for a causal relationship between the ingestion of fructose in a normal, dietary manner and the
development of hyperlipidemia or increased body weight in overweight or obese humans, using an evidence-based approach.
The results of the analysis indicate that there is no evidence which shows that the consumption of fructose at normal levels

of intake causes biologically relevant changes in triglycerides (TG) or body weight in overweight or obese individuals.
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INTRODUCTION

Fructose is naturally present in many fruits and is used as
an added sweetner in some beverages. The average daily in-
take of total fructose has increased from 37 g/day in 1978 (Park
and Yetley, 1993) to 49 g/day in 2004 (Marriott et al., 2009),
predominantly due to increased use of fructose as an added in-
gredient. Concurrent with the increased use of fructose and other
sugars in the diet, there has been an increase in obesity and dis-
eases associated with obesity such as Type II diabetes (referred
to henceforth as diabetes) or heart disease. Numerous studies
have been conducted in humans to determine whether there is
a causal relationship between the consumption of fructose and
weight gain or alterations in carbohydrate or lipid metabolism
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that have been associated with obesity or obesity-releated dis-
eases. A recent evidence-based review conducted to analyze the
entire database of studies performed in healthy, normal weight
humans indicates that after ingestion of 30-100 g/day fructose,
sucrose, glucose, or starch (either in a liquid bolus or in a meal),
transient increases in plasma TG occur, that are slightly higher
with fructose than other types of carbohydrate (Dolan et al.,
2010). There is, however, no evidence which suggests that fast-
ing plasma TG levels are increased after long-term ingestion
of up to 133 g/day fructose in women and 136 g/day fructose
in men (95th percentile levels of intake). Additionally, there is
no evidence which indicates that ingestion of fructose at levels
approaching 95th levels of intake is associated with an increase
in food intake or body weight in normal weight individuals.
Because a large percentage of the population is overweight
or obese, it is of interest to conduct a similar, evidence-based
review of studies involving overweight or obese subjects. There-
fore, the purpose of this review is to use an evidenced-based
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system to determine if a causal relationship exists between the
consumption of fructose in a normal, dietary manner and the
development of alterations in lipid metabolism or body weight
(BW) gain in overweight or obese individuals. Like the previous
review (Dolan et al., 2010), this evidence-based review is based
on the guidance developed by FDA for an evidence-based re-
view of health claims. The same study criteria were evaluated as
described in Dolan et al. (2010) with the exception here, that the
population of interest was overweight or obese subjects instead
of normal weight subjects.

EVIDENCE-BASED REVIEW
FDA Guidance for Evidence-Based Review

The US Food and Drug Administration (FDA) published
guidance for health claim petitioners in January 2009 (FDA-
CFSAN, 2009). This guidance was created to help manufactur-
ers determine if claims can be substantiated by the totality of all
available, credible evidence.

Based on the guidance provided by FDA (2009), only those
studies for which conclusions about a substance/disease rela-
tionship can be drawn should be reviewed. Studies should then
be evaluated by the following criteria:

« Type (human intervention and observational studies will take
priority over other types)

» Methodological quality

« Totality of evidence for and against the claim

In an intervention study, a designated quantity of the sub-
stance of interest is provided to subjects either in the form of
a conventional food or dietary supplement. According to FDA,
human intervention studies are the most reliable category of
studies for determining a cause-and-effect relationship because
the substance is provided under a controlled environment. Infor-
mation from a poorly designed intervention study from which no
scientific conclusions about the substance/disease relationship
can be drawn should not be considered. Intervention studies
should undergo an initial evaluation for the following critical
elements:

« if the mechanism of action of the substance in a diseased
population is the same as that of a non-diseased population;
and the disease that is the subject of the claim is the primary
endpoint;

« the study included an appropriate control group similar in all
aspects to the experimental group (with the exception of the
substance);

« the study was designed to measure the independent role of the
substance in reducing the disease;

« relevant baseline data were not significantly different between
groups;
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« appropriate statistical analyses were performed;

« valid biomarkers of disease risk were measured; the length
of the study was sufficient; the study included a follow-up
assessment of change in intake (if the intervention involved
dietary advice) and;

« the study population was relevant for the general U. S. pop-
ulation or the population subgroup identified in the proposed
claim.

Each study passing the initial evaluation should then be eval-
uated for methodological quality (i.e. how well the study was
designed and outcomes were determined). A number of factors
should be considered during this second phase of the evaluation
procedure including:

« whether the studies were randomized, blinded, and/or placebo
controlled;

« if inclusion/exclusion criteria and key information on the char-
acteristics of the study population were provided (in order for
potential mitigating factors to be identified);

« whether subject attrition was assessed, explained, and reason-
able;

« if the study included a mechanism for compliance verifica-
tion; if statistical analyses were performed on all subjects
(including dropouts);

« whether the study measured the actual onset of a disease or
a risk factor in its development or whether the onset of the
disease was confirmed through medical records or pathology
reports (preferred) or less specific methods such as death cer-
tificates.

Depending on the degree to which each of these method-
ological factors is addressed, the study should be given a high,
moderate, or low quality rating. Studies that are so deficient in
methodological quality that conclusions cannot be drawn about
the substance/disease relationship should be eliminated from
further review.

In contrast to intervention studies, observational studies mea-
sure associations between the substance and disease, rather than
the cause and effect between an intervention and an outcome.
In the guidance document, FDA states that “because of the
limited ability of observational studies to control for variables,
they are often susceptible to confounders.” Therefore, observa-
tional studies are not considered to be as reliable as intervention
studies. However, per FDA, “observational studies from which
scientific conclusions can be drawn, in some situations, can
be support for a substance/disease relationship for a significant
scientific agreement (SSA) or qualified health claim” (FDA-
CFSAN, 2009).

As part of an evidence-based review system, observational
studies should be evaluated for the substance/disease relation-
ship by demonstrating: evidence of intake (i.e. do biological
samples (e.g., blood, urine, feces) demonstrate a strong correla-
tion between the intake of the material and the concentration of
the substance or metabolite in the sample?); use of scientifically
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acceptable and validated dietary assessment methods and; use
of a quantifiable amount of the actual material of interest (pre-
ferred) versus a whole food containing ingredients other than
the material of interest.

Observational studies that pass this initial screening should
also be graded for methodological quality (low, moderate, or
high) by (1) assessing whether potential confounders of the dis-
ease of interest were adjusted for and if (2) food frequency ques-
tionnaires were utilized to estimate dietary intake (preferred)
rather than single, 24-hour diet recall or diet records.

In the aforementioned guidance document, FDA (2009) stip-
ulates that reports which discuss a number of different stud-
ies in limited detail (such as review articles) should only be
used to “identify reports of additional studies that may be use-
ful to the health claim review and as background about the
substance/disease relationship.” The reports should not be used
as a source of information for studies performed on the material
of interest because “the critical elements of a study must be
reviewed to determine whether any scientific conclusions can
be drawn from it.” Animal and in vitro studies can be used to
support a hypothesized mechanism, but cannot be used to draw
any conclusions about the relationship between the substance
and disease in humans.

After reviewing each study for quality, the totality of the
database should be examined to determine if it is credible
enough to support a cause and effect relationship. Within each
study type (e.g. intervention, prospective cohort, case-control,
or cross-sectional), the studies should be reviewed for the num-
ber of studies and subjects per group, methodological quality
(high, moderate, or low), outcome (e.g. statistically significant
beneficial effect, no effect, or adverse effect), consistency, and
relevance to the general U. S. population.

In general, observational studies should not be used to rule
out the findings from intervention studies because observational
studies are only able to identify possible associations and do
not demonstrate a cause and effect. However, findings from one
intervention study should not rule out consistent findings from
several observational studies.

Principles mentioned in this guidance (FDA-CFSAN, 2009)
were used to critically examine the existing database on the rela-
tionship of normal dietary fructose intake to alterations in lipid
and/or glucose metabolism and body weight gain in overweight
or obese subjects.

LITERATURE SEARCH AND STUDY SELECTION
Strategy for Literature Search

The first step of the evidence-based review was to develop
a means of obtaining all relevant, published literature on the
relationship between fructose intake and changes in lipid or
carbohydrate metabolism that could potentially lead to hyper-
lipidemia and/or body weight gain. Literature searches were
limited to studies conducted in humans, because the guidance

on which this review is based (FDA-CFSAN, 2009) indicates
that in vitro and experimental animal studies should not be
used to draw any definitive conclusions about the relationship
between the substance and disease in humans. The searches
were also limited to overweight or obese individuals ingesting
fructose in order to determine whether a cause-and-effect rela-
tionship existed between fructose intake and changes in lipid
or glucose metabolism and/or body weight in this population.
Studies in which fructose was administered parenterally were
excluded from the search.

A comprehensive search of the published literature was per-
formed in SCOPUS, a registered trademark of Elsevier B.V.,
and the largest abstract and citation database of research liter-
ature and quality web sources and is available by subscription
only. The following search string was utilized: [((TITLE-ABS-
KEY (fructose AND (glyceraldehyde OR triglyceride OR tri-
acylglycerol OR lipid OR cholesterol) AND (overweight OR
over-weight OR obese OR “body mass index” OR bmi OR
“body fat” OR adiposity) AND (human* OR subject* OR vol-
unteer® OR patient* OR women OR men OR children OR
individual* OR adult* OR adolescent*) AND (oral OR fed
OR intake OR meal OR diet*) OR (TITLE-ABS-KEY (fructose
AND (“body weight” OR diabetes OR “blood glucose” OR obe-
sity OR insulin) AND (overweight OR over-weight OR obese
OR “body mass index” OR bmi OR “body fat” OR adipos-
ity) AND (human®* OR subject* OR volunteer* OR patient*
OR women OR men OR children OR individual* OR adult*
OR adolescent*) AND (oral OR diet* OR fed OR intake OR
meal))]. An additional literature search was performed in Pub
Med (US National Library of Medicine, Bethesda, MD. Avail-
able online at http://www.ncbi.nlm.nih.gov/sites/entrez), using
the terms [fructose AND (overweight OR obes*) AND human
AND NOT review]. All searches were conducted on February
25 and 26, 2010.

Studies that were utilized for the analysis performed in Dolan
et al. (2010) also were scrutinized to identify additional stud-
ies that may have included overweight or obese subjects in the
overall study population or subsets of overweight or obese sub-
jects, based on currently accepted definitions. For the current
analysis, body mass index (BMI) values provided by the World
Health Organization (WHO) (2006) were used to define over-
weight (BMI 25.0-29.9 kg/m?) and obese (>30 kg/m?). BMI
values were calculated if they were not provided. Alternate cri-
teria used by authors of the individual studies to classify subjects
as overweight or obese (e.g. percentage of body weight above
“normal” or “ideal”) were analyzed to determine if any of the
subjects were overweight or obese. As indicated by Kuczmarski
and Flegal (2000), some agencies have considered BMIs rang-
ing from 25-30 kg/m? as “desirable,” “normal,” or “healthy.”
For Dolan et al. (2010), studies using subjects with BMIs rang-
ing from 25-30 kg/m? were included, because the authors of the
studies considered the subjects to be within the range of normal,
healthy, or ideal weight for their age. Studies using subjects with
BMI >30 kg/m? and underlying diseases were excluded from
Dolan et al. (2010). For the current analysis, participants with
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Develop Literature Search Criteria

!

Perform SCOPUS and PubMed Literature Searches

A 4
| Review abstracts of published studies |

Excluded:

A 4
Review articles . K
Abstracts }(n=1 4) | Obtain 77 relevant manuscripts |
Letters to Editors

A 4

Effect of fructose on EI (n=1) No | Original study, English language, peer reviewed and
< used healthy, normal subjects?

Effect of fructose in vitro (n=1)

Yes

Fructose excretion (n=1) v Reports excluded
< 95" Percentile + 1SE fructose intake (n=45) }ﬂb based on

Exposure to CHO containing abnormal fructose

ingredients other than just Yes intake (n=10)

fructose (n=5) -

A 4

Studies involved separate groups of
OW or obese subjects?

Yes No
Graded studies involving Studies involving NW, OW and
separate groups of OW or obese obese subjects (n=24)

subjects (n=21)

A

Long-term studies included in
present analysis (n=10)

Figure 1 Summary of the decision process for retrieval and inclusion of literature (CHO = carbohydrate; EI = energy intake; n = number of articles; NW =
normal weight; OW = overweight; SE = standard error).

underlying disease states (such as diabetes, hyperlipidemia, or
heart disease) were included if they met the current criteria for

being overweight (BMI = 25.0-29.9 kg/m?) or obese (BMI >30
kg /m2)' Table 1 Review articles, abstracts, or letters to the editor

identified by the literature search*

. . Reference
Study Selection Criteria

Diaz et al. (2006)

. . . . Downes Gastrich et al. (2008
A review of abstracts of the studies obtained in the searches ¢ )

. . R K R Fried and Rao (2003)
identified a total of 77 published manuscripts mentioning the Havel et al. (2003)
clinical effect of fructose consumption on blood lipids or glu- Havel (2005)

cose, insulin, body weight, or obesity in obese or overweight Jones (2009)

Segal et al. (1996)
Stanhope et al. (2007)
Stanhope and Havel (2008)

subjects (Fig. 1).
The 77 studies identified by the search were obtained, re-

viewed, and evaluated. The 14 review articles, abstracts, or let- Stanhope and Havel (2009)
ters to editors (depicted in Table 1) were used for background Schwarz et al. (1994)
information, but were not used as a source of information for Tappy and Jequier (1993)

Teff et al. (2005)

studies performed on the material of interest, because accord- Zimmermann and Acberli (2008)

ing to the FDA review system, the critical elements of a study
must be presented in order for one to determine whether any *Used only for background information.
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scientific conclusions can be drawn from it. These elements are
not present in reviews; therefore the review articles were not
evaluated for the effect of fructose on biomarkers of obesity or
disease. No additional studies were identified in these reviews
that were relevant to the evaluation. An additional eight studies
were excluded from the analysis because they examined the
energy intake from fructose only (Endres et al., 1989), the effect
of body weight on excretion of fructose (Joosen et al., 2008),
or the effect of fructose on liver in vitro (Kral et al., 1977), or
examined the effect of fruit (or fructose in combination with
other carbohydrates) on the study variables (Woleveretal., 1995;
Yip et al., 2001; Lofgren et al., 2005; Rodriguez et al., 2005;
Crujeiras et al., 2006). Of the remaining 55 references, 26 were
previously evaluated in Dolan et al. (2010).

The 55 references were reviewed and the levels of fructose
ingested in each study were calculated based on: the quantity
(g/day), the percentage of energy, and the percentage of carbo-
hydrate intake. Of these, ten studies involving concentrations
of fructose higher than a predetermined cutoff value for normal
consumption were rejected from the analysis (Table 2). Data
from arecent study published by Marriott et al. (2009) were used
to establish the cutoff value, prior to review of any of the other
literature. In the Marriott et al. (2009) study, the mean daily in-
takes of fructose were determined using NHANES 1999-2004
dietary intake data for 25,165 individuals, aged 1 year and older.
Groups were classified according to gender and age (9-13,
14-18, 19-30, 31-50, 51-70, and 71+ years). Mean fructose
intakes from the highest groups of 95th percentile consumers
(plus one standard error) were used as cutoff values. Consump-
tion at percentiles higher than the 95th was not reported in this
study. Based on the absolute amount, the percentage of energy
intake, and the percentage of carbohydrate intake, the 95th
percentile consumption values are 136.1 g/day (in 19-30 year
old males), 18.8% (in 19-30 year old females), and 29.2% (in
19-30 year old females), respectively. The 95th percentile fruc-
tose consumption (plus or minus one standard error) of males
aged 19-22 (as an absolute amount) also is reported (134 + 12.2
g/day) in the Marriott et al. (2009) study. Because this intake
is higher than that of 19-30 year old males, an absolute value
of 146 g/day was used as the cutoff value (if the study included
19-22 year old males rather than 19-30 year old males). Using
the 95th percentile values (plus one standard error) as intake
limits for normal consumption is a reasonable assumption,
based on the fact that FDA recognizes 90th percentile intake
estimates as upper limits of intake of dietary ingredients when
evaluating dietary ingredient notifications. Ninetieth percentile
intake estimates are commonly compared to concentrations of
dietary ingredients used in safety studies to determine if adverse
effects could occur in humans under normal conditions of use.
We acknowledge that by limiting our analysis to 95th percentile
consumers (plus one standard error) we are omitting data that are
pertinent for consumers of fructose at the 96th—100th percentile
levels; however, intakes of any food ingredient higher than the
95th percentile would not be considered normal by authoritative
bodies.

Study Grading Criteria

A total of 45 studies involving fructose consumption at <95th
percentile levels were graded according to the following set of
criteria, which were developed by the authors based on 1) the
criteria developed by the FDA for an evidence-based review of
data for health claims; 2) FDA guidelines for the conduct of
human studies to demonstrate safety of food ingredients (FDA-
CFSAN, 1993); and 3) an understanding of factors that could
affect the outcome of studies examining the effect of fructose
on human health.

As mentioned previously, the evaluation system used by the
FDA is designed to assess the beneficial effects of a dietary
ingredient on health, rather than harmful effects. The FDA eval-
uation system does not provide guidance on the scale that should
be used to evaluate studies, point values that should be assigned
to certain variables, or the scores associated with low, moderate,
or high quality studies. The FDA evaluation system was used
to provide a framework for an evidence-based grading process
for studies investigating the adverse effects of fructose, which
we developed. Because intervention studies are considered to be
more reliable than observational studies (FDA-CFSAN, 2009),
studies of these two types were evaluated for quality on a dif-
ferent scale.

Intervention Study

The ability of each study to meet the individual factors inden-
tified below as being important criteria was graded on a 2-point
scale developed by the authors (minimum = 0; maximum = 2).
The factors are based on the FDA criteria for an evidence-based
review of human study data, as well as an understanding of the
factors which may confound the results of studies examining the
effect of fructose ingestion on the parameters measured in the
study. The maximum number of points that could be obtained
from an intervention study was 40. Based on the total point
score, each intervention study was given a low (<20), moderate
(20-29), or high quality grade (>30). In addition to evaluating
the strength of each study, we have included a short description
of each study meeting the criteria and its interpretation.

I. Subjects

A. Sufficient number? Studies that used at least ten
subjects/group or a number of subjects calculated to be
sufficient for uncovering a statistically significant effect
were scored higher than others.

B. Clinically shown to be disease free? Studies that used
subjects clinically shown to be free of diseases that could
influence outcome such as heart, liver, or kidney disease,
hypertriglyceridemia or diabetes were scored higher than
those that did not exclude such subjects.

C. Overweight or obese based on a clinical diagnosis? Stud-
ies that classified individuals according to BMI were
scored higher than those that classified subjects according
to body weight only (or did not provide a rationale for
their classification).
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D. Gender? Studies that used both genders with data ana-
lyzed together and separately were scored higher than
others.

E. Age (wide or narrow)? Studies that used subjects with a
wide range were scored higher than others because the
subjects should be selected to reflect the general popula-
tion.

F. Inclusion/Exclusion criteria (are potential confounders
adjusted for)? Studies that excluded subjects whose use of
drugs (including alcohol) could alter responses, as well as
a history of eating disorders or dieting were scored higher
than others. Those studies that also conducted physical
examinations and laboratory tests to screen individuals
with medically significant abnormalities from the clin-
ical study were scored highest. Laboratory tests should
include the following: electrocardiograph, urinalysis, and
various tests on blood (e.g. complete blood counts, blood
urea nitrogen, serum creatinine, tests of liver function,
fasting blood sugar, electrolytes, protein, and albumin)
and other tests that may be indicated by the nature of the
test material (e.g. blood lipid profiles).

II. Conduct

A. Randomized? Randomized studies were scored higher
than others. Methods of randomization should be de-
scribed and analyses should be presented that demon-
strate effectiveness of the methods (FDA-CFSAN,
1993).

B. Blinded? Scoring was as follows: double > single >
non-blinded. Studies should be performed blind to avoid
selection bias in patient and physician responses.

C. Crossover and/or proper control? Crossover studies that
included a proper control group such as sucrose or glu-
cose were scored highest, followed by crossover studies
without a control.

D. Appropriate baseline parameters measured? Studies
measuring glucose, insulin, blood lipids, and BW pa-
rameters at time zero were scored higher than those that
did not measure all parameters.

E. Proper risk factor measured? Studies measuring body
weight or several biochemical parameters associated
with the development of obesity or effect on body weight,
food intake, or satiety were scored higher than those only
examining one biochemical parameter.

F. Proper statistical analysis? Studies utilizing analysis of
variance (ANOVA) or a computer-based statistical pro-
gram to analyze results were scored higher than those
using multiple tests on repeated measured data.

III. Dosing
A. Dose appropriate (also volume appropriate if a liquid)?
Studies employing a dose over the 95th percentile limit
were rejected; also, studies utilizing large volumes of
fructose in solution were graded lower than others,

L. C. DOLAN ET AL.

based on findings of Sievenpiper et al. (1998a; 1998b)
that the glycemic response to fructose in solution is
highly dependent on volume.

B. Given in bolus or throughout the day? Studies adminis-
tering divided doses were scored higher than bolus dose
studies conducted first thing in the morning.

C. Dosing for more than one day? Studies that were per-
formed over multiple days were scored higher than those
performed over a single day.

D. Different doses tested? Studies with more than one
dose were scored higher than studies with a single
dose.

E. Dose administered as liquid only, liquid with meal, or
in solid food? Studies which used fructose incorporated
into a normal (solid food) diet were scored the high-
est. Studies providing fructose in liquid form with a
meal were scored higher than those providing fructose
in liquid only.

F. Diet and beverage (other than water) intake controlled
(all diets prepared)? Studies with prepared diets were
scored higher than those with ad libitum diets.

G. Diets in studies provide similar amounts of energy?
Studies with caloric intake adjusted for energy require-
ment of individuals (isoenergetic) were scored highest.
Studies with equal energy intake in fructose and control
diets (isocaloric) were scored higher than those with
unequal energy intake.

H. Verification of compliance (intake) conducted in-house
and if not, was compliance measured? Studies in which
compliance was verified or intake was in-house were
scored higher than outpatient studies with no evidence
of compliance.

I. Reason for attrition explained? Studies were scored on
attrition following: no attrition > explained attrition >
unexplained attrition.

Observational Study

The maximum number of points that could be obtained from
an observational study was 20. The ability of each study to meet
the individual factors identified below as being critical criteria
was graded on a 2-point scale (minimum = 0; maximum = 2).
The factors are based on the aforementioned FDA criteria for
an evidence-based review of human study data, as well as an
understanding of the factors that may confound the results of
studies examining the effect of fructose ingestion on the param-
eters measured in the study. Based on the total point score, each
observational study was given a low (<10) or moderate (10-20)
quality grade.

I. Subjects
A. Sufficient number? Studies in which the number of sub-
jects used was calculated to be sufficient for uncovering
a statistically significant effect were scored higher than
others.
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B. Clinically shown to be disease free? Studies that used
subjects clinically shown to be free of diseases that could
influence outcome such as heart, liver or kidney disease,
hypertriglyceridemia, or diabetes were scored higher than
those that did not exclude such subjects.

C. Overweight or obese based on a clinical diagnosis? Stud-
ies that classified individuals according to BMI were
scored higher than those that classified subjects according
to body weight only (or did not provide a rationale for
their classification).

D. Inclusion/Exclusion criteria (are potential confounders
adjusted for)? Studies that excluded subjects with po-
tential confounders such as a history of use of drugs
that could alter responses (including alcohol), as well
as eating disorders, or smoking, were scored higher than
others.

II. Conduct

A. Study Type (case report, cross sectional, or cohort)?
Scoring: cohort > cross sectional > case report.

B. Proper risk factor measured? Studies that measured food
intake or satiety were scored higher than studies that only
measured a biochemical parameter strongly associated
with the development of obesity or BW.

C. Proper statistical analysis? Studies that used multifacto-
rial analysis and analyzed data according to quintiles of
fructose intake were scored higher than those which just
used regression.

III. Intake

A. Evidence of intake (e.g. fructose, glucose concentration
in serum or urine)? Studies with biological evidence of
intake were scored higher than those with none.

B. Was the content of the material in the food supply accu-
rately determined? Studies using up-to-date, published
nutrient database data were scored higher than those
that used older or internally developed databases that
were not based on published data.

C. Use of proper dietary assessment methods (24 hour di-
etary recall or food frequency questionnaire)? Studies
utilizing assessment methods were scored higher than
those without.

STUDY RESULTS AND DATA REVIEW
Studies Involving Both Normal Weight and Obese Subjects

As shown in Table 3, 20 studies that were previously
evaluated in Dolan et al. (2010) used study populations that
included both normal weight and overweight individuals. Four
studies identified by the new search also included both normal
weight and overweight individuals. Because responses were
not analyzed according to body weight, one cannot determine

from these studies whether responses in overweight subjects (or
the few that may have been obese) were different from subjects
who were normal weight (or underweight). Nonetheless, a
number of these studies involved a substantial percentage of
overweight subjects (as defined by BMI >25 kg/m? and <30
kg/m?). Because the literature search identified relatively few
studies that met the criteria for fructose intake and examined
the effect of fructose on TG, BW or food intake in overweight
or obese individuals only, data for the ten studies that involved
normal weight, overweight, and obese individuals and measured
the aforementioned variables were included in the analysis
(Macdonald, 1972; Nikkila and Kekki, 1972; Huttunen, 1976;
Huttunen et al., 1976; Makinen and Scheinin, 1976; Hallfrisch
et al., 1983a; Hallfrisch et al., 1983b; Crapo and Kolterman,
1984; Swanson et al., 1992; Bantle et al., 2000).

Results of short-term intervention studies in normal weight,
overweight, or obese subjects that measured the effect of fruc-
tose on TG (Bohannon et al., 1980; Gee et al., 1991; Jeppesen
et al., 1995a; Jeppesen et al., 1995b; Singleton et al., 1999;
Parks et al., 2008), food intake (Spitzer and Rodin, 1987; Van
de Ven et al., 1994), or carbohydrate metabolism only (Reiser et
al., 1987; Kim et al., 1988; Heacock et al., 2002; Sir-Petermann
et al., 2004) and an observational study in subjects with a large
range of body weights (Slyper et al., 2005) indicate that in the
short-term, ingestion of 30—100 g/day fructose is associated with
either no change or a slight increase in serum TG, a decrease
in plasma insulin and glucose, and no change in food con-
sumption or satiety compared to a similar amount of glucose or
sucrose.

INTERVENTION STUDIES

The design and results of the 31 intervention studies involv-
ing overweight or obese subjects that were graded and discussed
in this document are shown in Tables 3-8. The studies were or-
ganized according to the study duration, the amount of fructose
administered, and the primary endpoints that were measured
(e.g. TG, body weight, or food intake) in order to determine if
there was a causal relationship between fructose ingestion and
biologically relevant changes in the primary endpoints.

Longer Term Intervention Studies: Effect of Fructose on
Triglycerides and Body Weight

The design and results of longer-term studies are shown in
Tables 3-5. In general, longer term (>1 day) studies in which
fructose was ingested with a meal were judged to be of higher
quality than those in which fructose was ingested as a bolus, lig-
uid dose. The majority of the long-term studies received moder-
ate quality scores (20-29 points), with two receiving high quality
scores (>30 points) and two receiving a low score (<20 points).
The longer-term studies tended to be better controlled, screened,
and reported and utilized more appropriate statistical methods
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and consumption patterns than shorter-term studies. Concentra-
tions of fructose ingested in the long-term studies ranged from
133 g/day for four days to 12 g/day for eight weeks.

Studies that were Conducted in Normal Weight, Overweight
and Obese Subjects (Described in Table 3)

Hallfrisch et al. (1983a; 1983b), conducted a crossover study
in groups of twelve men (avg. BMI = 26.9 kg/m?) with ab-
normally high insulin responses to a sucrose load (hyperinsu-
linemics) and twelve men with normal responses (avg. BMI =
26.0 kg/m?). The results of lipid and glucose analyses are re-
ported in two separate publications, which received scores of
high (score = 30) and moderate quality (score = 29), respec-
tively. Each group of subjects was fed diets (15% protein, 42%
fat, 43% carbohydrate) containing 0%, 7.5%, or 15% of daily
energy intake (38 kcal/kg bw) as fructose for five weeks each.
The amount of fructose consumed was approximately 0 g, 50 g,
or 100 g/day (based on a 2700 calorie/day diet). Weekly fasting
plasma, TG, high density lipoprotein cholesterol (HDL-C), free
fatty acid, insulin, glucose, or glucagon in men with normal in-
sulin responses were not altered by the consumption of fructose.
In hyperinsulinemics, TG increased in a dose-dependent man-
ner. Fasting blood glucose and gastric inhibitory peptide (GIP),
a hormone which stimulates the release of insulin in response
to glucose, were higher in the combined population (including
hyperinsulinemics) after consumption of either concentration
of fructose. The insulin response to a sucrose challenge in both
normal individuals and hyperinsulinemics and glucose response
to a sucrose challenge in the combined population were higher
after ingestion of 100 g fructose than 0 g fructose. Because GIP
and glucose response data in subjects without hyperinsulinemia
were not analyzed separately from hyperinsulinemic subjects,
one cannot conclude that fructose alters any parameter that was
measured in this study in subjects that are not hyperinsulinemic,
except for the short-term insulin response to a sucrose challenge.

In a moderate quality, crossover study (score = 28), Swanson
et al. (1992) examined the effect of ingestion of a prepared
diet containing 20% or <3% of dietary energy as crystalline
fructose on fasting serum lipids, glucose, or lactate of fourteen
healthy, adult subjects (with body weight 88—128% of normal).
The diet contained 15% protein, 55% carbohydrate, and 30%
fat. The average amounts (and ranges) of fructose ingested in
the respective diets were 88 g/day (67—-134 g/day) and 5 g/day
(3.8-7.6 g/day). The carbohydrate in the low fructose diet was
predominantly starch. Fasting serum lipids, glucose, and lactate
were measured on Days 1, 7, 14, 21, and 28. Plasma glucose,
serum TG, and lactate also were measured postprandially. Over
the course of the 28-day study, fasting cholesterol, low density
lipoprotein cholesterol (LDL-C), and high density lipoprotein
cholesterol (HDL-C) decreased in the low fructose group and
remained similar to baseline in the high fructose group. There
was no effect of either diet on the ratio of serum HDL-C to
LDL-C. There was no difference in fasting serum TG between
groups. On the first day of the study only, peak plasma TG was

greater in subjects with the high fructose diet (152 £ 18 mg/dl)
than the low fructose diet (117 £ 12 mg/dl) and plasma glucose
was lower with the high fructose diet (110 &= 7 mg/dl) than the
low fructose diet (119 = 7 mg/dl). Peak serum lactate was higher
in the high fructose group than the low fructose group on Days
1,7, and 14, but not at Days 21 or 28. The results of this study
indicate that alterations in lipid and glucose metabolism caused
by ingestion of fructose are transient and suggest that short-term
studies which show an effect of fructose on lipid metabolism are
not predictive of responses that occur after longer term ingestion
of fructose.

Bantle et al. (2000) conducted a similar, high quality
crossover study (score = 32) in 24 healthy subjects (12
per sex) ingesting prepared, isoenergetic diets (55% car-
bohydrate, 15% protein, and 30% fat) over a course of
42 days. The average BMI of subjects was approximately
25 kg/m. Diets were nearly identical in nutrient composition,
with the exception that 17% energy came from crystalline fruc-
tose in the high fructose diet and 14% crystalline glucose plus
3% crystalline fructose in the low fructose diet. The quantity of
each diet that was provided to each subject was not mentioned;
therefore the range of fructose or glucose intakes could not be
calculated. However, it is estimated that the subjects ingested
approximately 85 g/day fructose and 17 g/day glucose in the
high fructose diet and 15 g/day fructose and 81 g/day glucose
in the low fructose diet. Throughout the study, fasting or post-
prandial plasma TG of women was not affected by consumption
of either diet. Men ingesting the high fructose diet had signifi-
cantly greater fasting and postprandial TG concentrations than
men ingesting the low fructose diet throughout the study. How-
ever, over the course of the study, fasting plasma TG decreased
in both groups of men (with respect to baseline). The fruc-
tose diet had no significant effect on fasting plasma cholesterol,
HDL-C, or LDL-C in either men or women. At the end of the
study, body weights of subjects ingesting the high fructose or
low fructose diets were approximately 1.3 kg lower than at the
beginning of the study. The data indicate that consumption of a
high fructose diet does not increase TG levels or body weight
with respect to baseline if caloric intake is controlled. In a 24-
hour metabolic profile on the last day, with either diet, insulin
peaked in the morning, TG in the afternoon (at around 2 pm),
and blood glucose at night, suggesting that short-term studies
(which are generally conducted for a 3—4 hour period in the
morning) are not of adequate duration to assess the effect that
consumption of fructose throughout the day has on long-term
TG, insulin, and glucose concentrations.

Crapo and Kolterman (1984) performed a moderate quality
crossover study (score = 22) in eleven subjects (seven women,
four men) in which crystalline fructose was substituted for di-
etary sucrose (baseline) for a period of 14 days. Two subjects
in this study weighed 22% and 30% more than the study aver-
age. Meals were prepared on site and provided to subjects based
on their typical consumption of energy (1830-3000 kcal/day).
The diets contained approximately 55% carbohydrate (of which
sucrose or fructose was 24%), 30% fat, and 15% protein. The
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approximate amount of sucrose or fructose administered was
63-99 g/day. Fasting TG, lactate, pyruvate, or uric acid were
not affected and fasting cholesterol and HDL-C were lower
after substitution of sucrose with fructose. There also was no
effect of fructose on fasting TG of two subjects that had some-
what elevated plasma TG concentrations at baseline (193 mg/dl
and 207 mg/dl, respectively).!

In a two-year, moderate quality study (score = 24) examining
the effect of sweeteners on tooth caries, 116 subjects were main-
tained on a diet containing fructose (2.1 kg/month, n = 35), su-
crose (2.2 kg/month, n = 33), or xylitol (1.5 kg/month; n = 48)
as the only sweetening agent (Huttunen, 1976; Huttunen et al.,
1976; Makinen and Scheinin, 1976). Eight of the 35 subjects that
received fructose had BMIs between 25 and 30 kg/m?. The sub-
jects were allowed to consume the diet without restrictions, but
were instructed to avoid consumption of sweet fruits and other
sweets. Because compliance was not strictly monitored, the
amount of each sugar actually ingested could have varied sub-
stantially. It is estimated that the participants ingested 70 g/day
fructose or sucrose or 50 g/day xylitol. In this study, TG, glucose,
urate, lactate or pyruvate concentrations and BW did not differ
between groups. This study is not considered to be as reliable as
some of the other, better controlled studies that were performed
with fructose because blood lipids were not measured between
the baseline and five months (an acute effect could have been
missed), there was no isocaloric group ingesting no sweeten-
ers (or a noncaloric sweetener) and additional fructose, sucrose,
and/or xylitol could have been consumed by the participants.

In a five-day, crossover study that was considered to be low
quality for purposes of the assessment (score = 14), ten males
and seven females were administered a liquid formula diet
(45% carbohydrate, 45% fat, and 10% protein) (Macdonald,
1972). Based on body weights that were provided and estimated
heights, the average BMIs of the males and females were 24.7
kg/m? and 22.6 kg/m?, respectively. Two subjects per sex had
BMIs between 25 and 30 kg/m?. The intake of the formula diet
was adjusted according to the normal intake of energy prior to
the experiment (2100-3350 kcal), in order to keep body weight
constant. The fats used were sunflower seed oil or cream, and
the carbohydrates were either glucose plus fructose, glucose
plus starch, or fructose plus starch. The fructose content pro-
vided 18% of the energy requirement for each individual (or
95-151 g/day per person). The results suggest that the effect of
fructose or glucose on TG is dependent on the type of fat admin-
istered and gender. In either sex, TG decreased with the inges-
tion of sunflower oil and tended to increase with the ingestion of
cream (regardless of the type of carbohydrate co-administered).
In males, the TG concentration on Day 4 was reduced (by ap-
proximately 10% or 24%) when fructose plus starch or glucose
plus starch (respectively) were coadministered with sunflower
oil. Conversely, the TG concentration of males on Day 4 was
increased (by 13% or 22%) when fructose plus starch or glucose
plus starch (respectively) were codamininstered with cream. In

't is unknown whether either of these subjects was overweight.

L. C. DOLAN ET AL.

females, the response of TG to either fat was not altered by the
addition of fructose or glucose.

In a low quality study (score = 15) in ten subjects with
hypertriglyceridemia and a history of heart disease, obesity, or
diabetes that received 75 or 80 g glucose or fructose in isocaloric
exchange for starch for 10-20 days, there was no effect of either
fructose or sucrose on average postprandial TG values (Nikkila
and Kekki, 1972). When data for individual subjects were ana-
lyzed separately, postprandial TG values increased after sucrose,
but not fructose. Because body weights were not provided, it is
unknown whether all subjects or a subset were obese. Therefore,
although this study was conducted in some subjects that were
obese, the results should be considered to be relevant for people
with hypertriglyceridemia, who may be of normal weight or
obese.

Studies that used Overweight Subjects (Described in Table 4)

In a moderate quality study (score = 24), Osei et al. (1987)
examined the effect of adding 60 g of fructose to the weight-
maintaining ADA? diets of 18 overweight or obese patients
(predominantly women) had Type II diabetes and were main-
tained on insulin. BMI was not measured in this study; however,
subjects fit the criteria for inclusion because they were 134 +
3% of ideal body weight.? After a baseline period on the ADA
diet, the patients (n = 9) were either placed on a diet containing
non-nutritive sweeteners (NNS, e.g. aspartame or saccharin) or
administered the ADA diet plus 60 g crystalline fructose (for
an additional 240 kcal/day or approximately 10% of energy)
over the course of the 12-week intervention (n = 9). Addition
of fructose to the diet had no effect on body weight or serum
cholesterol, HDL-C, LDL-C, uric acid, or lactic acid levels com-
pared to baseline or to the NNS group. Whereas TG increased
in the NNS group (compared to baseline), there was no effect of
consumption of fructose on TG. Other changes observed were
a decrease in fasting serum glucose in the fructose group (com-
pared to baseline), and an increase in fasting serum glucose in
the NNS group (compared to the fructose group). The results
showed that the administration of 60 g fructose with meals has
no deleterious effects on blood lipids or body weight of obese
subjects with Type II diabetes and may actually be preferable to
the administration of a diet that contains non-nutritive sweeten-
ers.

Koh et al. (1988) examined the effect of ingestion of a high
fructose diet for four weeks on several different indices of
metabolism in nine subjects (avg. BMI = 23.4 kg/m?) with
normal glucose tolerance (3 male and 6 female subjects) and
nine glucose-intolerant (IGT) individuals (avg. BMI = 27.3
kg/m?). In this moderate quality, crossover study (score = 25),
either fructose or glucose was incorporated (at 15% of energy)
into an isocaloric, prepared diet (15-20% protein, 30-35% fat,

2 American Diabetes Association.
3 As defined by Metropolitan Life Insurance Tables (1983).
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50-55% carbohydrate) based on each subject’s typical energy
consumption. The amount of fructose or glucose ingested var-
ied from 45-122 g/day. Fasting TG, total cholesterol, very low
density lipoprotein cholesterol (VLDL-C), LDL-C and HDL-
C, and body weights of subjects receiving fructose or glucose
were similar after 4 weeks on either diet. Regardless of treat-
ment, subjects with IGT had greater serum concentrations of TG,
VLDL-C, LDL-C, lower concentrations of HDL-C, and higher
body weights than subjects with normal glucose tolerance. The
results suggest that in overweight individuals with IGT, inges-
tion of up to 122 g/day fructose has no adverse effects on blood
lipids or body weight compared to glucose. Conclusions that
can be drawn from the study are limited by the fact that baseline
values were not reported and statistical analyses were confined
to results that were obtained after ingestion of either fructose
or glucose in either normal or IGT subjects. Therefore, it is
unknown if TG increased from baseline in the overweight IGT
subjects.

In a 13-week, single-blind, randomized study designed to
assess the clinical safety of sucralose (a chlorinated sucrose
derivative with no caloric value) in humans (which was consid-
ered to be of moderate quality (score = 28) for an assessment
of the effect of fructose on health), 31 (17 male, 14 female)
control subjects received 50 g/day fructose (25 g/day at 10 am
and 4 pm in liquid) in addition to their normal diet (McLean
Baird et al., 2000). Compliance was assessed by an indepen-
dent witness. According to the published manuscript, for the
overall subject population, there were no changes in biochemi-
cal analyses (including TG, urea, and uric acid), BW, physical
exams or urinalysis after 13 weeks of consumption of fructose
(compared to baseline values). However, data supporting these
conclusions were not available in the published manuscript. Be-
cause individual data for TG and BW were obtained from the
sponsor, responses in seven females and four males with BMI
>25 kg/m? that received fructose could be analyzed separately
from normal weight individuals. We analyzed the data statisti-
cally, using ANOVA with the P value set at <0.05. There was no
effect of ingestion of fructose on TG in overweight individuals
(compared to the baseline diet or to normal weight individuals).
Furthermore, although caloric intake increased by 200 kcal/day
with ingestion of fructose, the body weights of either overweight
males (86.9 & 4.5 kg (SD) at baseline and 88.5 &= .2.4 kg at end
of study) or overweight females (69.8 £ 1.9 kg at baseline and
70.3 £ 3.3 kg at the end of the study) ingesting fructose did not
increase.

In a moderate quality (score = 26), seven day, randomized,
crossover study conducted by Sunehag et al. (2008), six
healthy, obese adolescents (three males, three females) were
maintained at home on prepared, isocaloric diets containing
60% carbohydrate, 25% fat, and 15% protein, with 10% or
40% of the carbohydrate content (6 or 24% of dietary energy)
provided by fructose (low fructose or high fructose diet,
respectively). The amount of food provided to each participant
was based on the energy intake of each participant the week
prior to the test. The total amounts of fructose ingested in the

low and high fructose diets averaged 38 and 149 g/day in the
low and high fructose groups, respectively. Because the intake
level of the high fructose group was higher than the cutoff value
of 136.1 g/day, data for this group were not analyzed. Because
no baseline values were provided, it is unknown if there was
any effect of ingestion of 38 g/day fructose for seven days
on TG, free fatty acids (FFA), HDL-C, or LDL-C in the test
subjects. However, the TG, FFA, HDL-C, and LDL-C values
that were measured after fructose intake (90 + 14 mg/ml, 0.5
4 0.1 mEq/L, 38 + 4 mg/dl, and 82 £ 4 mg/dl, respectively)
were within normal limits for these values (Spraycar, 1995).

In a moderate quality, randomized, in-house crossover study
(score = 26) conducted in a whole body calorimeter, the ef-
fect of ingestion of an energy balanced (control) diet or a diet
with a 50% excess energy on energy balance was assessed in
eight normal weight (BMI = 25 4 1.0 kg/m?) and five obese
(BMI = 31 + 4.0 kg/m?) women (McDevitt et al., 2000). It
should be noted that based on BMI, some of the women in the
normal weight group were overweight. The extra amounts of
calories, fat, and carbohdydrate ingested by normal weight or
obese women were 914 or 985 kcal/day, 57 or 50 g/day, and 123
or 133 g/day, respectively. Basal and sleeping metabolic rates
were higher in obese than normal weight women but there was
no significant effect of dietary treatment on metabolic rate in
either group of women. There were no significant differences
between normal weight and obese women in macronutrient ox-
idation or balances, so data were pooled. Overconsumption of
glucose, fructose, or sucrose induced glycogen storage on Day
1 (approximately 100 g), but thereafter stimulated carbohydrate
oxidation so that balance was achieved on Days 3 and 4. Fat
oxidation was suppressed by a similar degree in subjects in-
gesting fructose, glucose, or sucrose. There were no significant
differences between the various sugars in carbohydrate oxida-
tion, carbohydrate balance, energy balance, fat oxidation, or
fat balance. On average, 12% of the excess energy was stored
as glycogen and 88% as fat for all dietary conditions (includ-
ing overconsumption of fat). This study shows that in obese
women, ingestion of a high fructose diet did not dispropor-
tionally stimulate fat storage compared to glucose or sucrose
and that the net effect of overconsumption of sugar on fat bal-
ance (regardless of type) was similar to an excess of dietary
fat.

Wiesner et al. (1979) conducted a moderate quality study
(score = 22) to determine the safety of a weight-reducing diet
utilizing fructose (36-42 g/day) as the primary carbohydrate
source and protein as the primary caloric source. The diet (a
total of 1100 to 1600 calories per day, depending on the initial
body weight) was administered over the course of four weeks to
21 obese subjects (6 males and 15 females), who were between
15 and 91 pounds above their desirable weight (Metropolitan
Life Insurance Co., 1977). Compared to weight at baseline, sub-
jects lost an average of 14.5 £ 3 (SE) pounds by week four of
the diet. Over the course of the study, there were significant
(P <0.05) decreases in serum cholesterol and alkaline phos-
phatase, and systolic and diastolic blood pressure. Uric acid
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concentrations increased during the first week but returned to
baseline levels by the end of the study. There was no effect of
diet on bilirubin, serum glutamic oxalic transaminase (SGOT),
total protein, blood urea nitrogen (BUN), creatinine, thyroxine,
glucose, calcium, sodium, or potassium. The authors concluded
that the high protein diet containing fructose as the primary car-
bohydrate source was a safe and effective means of promoting
weight loss. However, it should be noted that the effect of fruc-
tose on TG was not measured. Furthermore, the extent to which
fructose contributed to weight loss is unknown because the diets
were designed to promote weight loss.

A moderate quality study (grade = 24) examined the effect
of ingestion of 36 g fructose, glucose, or galactose or no car-
bohydrate for 14 days on body weight, plasma glucose, and
plasma insulin in 53 overweight subjects (body weight was
123.7-128.5% of ideal) (Rizkalla et al., 1986). In this study,
each sugar provided 100% of the carbohydrate content of a
hypocaloric, liquid formula, a weight-loss diet that provided
only 560 kcal/day. The fasting plasma insulin and glucose levels
decreased in all four groups, with no differences in the magni-
tudes of the decreases between groups. Each group also lost a
similar amount of weight. In conclusion, as part of a calorie-
restricted diet, there was no adverse effect of ingestion of 36 g
fructose on body weight or plasma glucose or insulin compared
to glucose or galactose.

Conclusion from Long-Term Studies Involving Overweight or
Obese Subjects

The results of the long-term studies in which concentrations
of TG were measured in studies involving overweight or obese
subjects are summarized in Table 5 and Fig. 2. Figure 2 includes
fasting TG values for all studies involving overweight or obese
subjects in which a time course was available (except the Hut-
tunen et al. (1976) study“) (Huttunen, 1976; Huttunen et al.,
1976; Makinen and Scheinin, 1976). Values for the Huttunen
et al. (1976) study are not included in the figure because the
first values after the intervention were measured at five months.
The corresponding studies for each of the doses administered
in Fig. 2 are as follows: 50 g/day: McLean Baird et al. (2000);
60 g/day: Osei et al. (1987); 85 g/day: Bantle et al. (2000);
88 g/day: Swanson et al. (1992).

As shown in Table 5 and Fig. 2, the only long-term studies
that have been conducted in strictly overweight or obese sub-
jects that utilized fructose at <95th percentile levels of intake
were the Osei et al. (1987) and Sunehag et al. (2008) studies,
and subsets of the populations of the McLean Baird et al. (2000)
and Koh et al. (1988) studies. Of these studies, the only ones
that measured TG at more than one time point were McLean
Baird et al. (2000) and Osei et al. (1987). As indicated in Fig. 2,
TG responses to fructose in overweight and obese subjects are

4The three citations mentioned all pertain to the Turku sugar study and are referred to
as the Huttunen et al. (1976) study from this point forward.

L. C. DOLAN ET AL.

not different from those obtained from studies involving nor-
mal and overweight subjects. None of the studies indicate that
ingestion of fructose at <95th percentile levels of intake leads
to increased concentrations of plasma TG. Furthermore, none
of the studies in which the body weight was measured showed
an adverse effect of fructose consumption on the body weight
of normal weight, overweight, or obese individuals. In obese
women, ingestion of a high fructose diet did not disproportion-
ally stimulate fat storage compared to glucose or sucrose. The
net effect of overconsumption of sugar on fat balance (regardless
of type) was similar to an excess of dietary fat.

Also noted in Table 5 and Fig. 2, the average initial TG val-
ues of the subjects used in the long-term studies varied widely
(from approximately 92 mg/dl to 149.5 mg/dl). Although sub-
jects with higher baseline values tended to have higher fasting
concentrations of TG after administration of fructose than those
with lower values, the long-term response of TG to fructose
ingestion was not augmented in subjects with high baseline TG
values.

Shorter-Term Studies: Effect of Fructose on Triglycerides

The only study that was located which examined the short-
term effect of ingestion of fructose on TG in overweight or obese
subjects (Table 6) was a moderate quality study (score = 20) in
five subjects (BMI = 28-51 kg/m?) with non-insulin dependent
diabetes (one man, four women) (Moore et al., 2001). A solution
containing 75 g glucose with or without 7.5 g fructose was ad-
ministered and concentrations of blood lipids were measured up
to three hours later. There was no statistically significant effect
of fructose on average plasma insulin. The insulin responses
in each subject were highly variable—insulin was lower after
fructose in the three subjects with the highest plasma insulin
levels, not affected by fructose in one subject with an inter-
mediate level, and higher after fructose in the subject with the
lowest plasma insulin level. The plasma glucose response was
reduced by fructose in all subjects although the reduction was
minimal (approximately 3%) in one subject. There was no ef-
fect of inclusion of fructose on TG, non-esterified fatty aids
(NEFA), or glycerol (compared to ingestion of glucose alone).
However, plasma concentrations of lactate increased (with re-
spect to baseline) when fructose was added to glucose. The
authors concluded that in diabetic subjects, small amounts of
fructose improve the glycemic response to an oral glucose load
independently of an increase in insulin, and have no effect on
lipolysis.

Shorter-Term Studies: Effect of Fructose on Food Intake or
Satiety

The design and results of the four short-term studies which
investigated the effect of fructose on food intake or satiety in
overweight or obese subjects are depicted in Table 7. All of
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Figure 2 Fasting triglyceride levels in studies involving overweight or obese subjects that provided time course data.

these studies received scores within the moderate quality range
(score = 22-28).

Results of a moderate quality study (score = 26) conducted
by Rodin (1990) show that ingestion of 50 g fructose in a 500-
ml drink 38 minutes prior to a buffet lunch resulted in lower
food intake in eight, normal weight subjects (four per sex) and
six obese females than either 50 g glucose or 0.25 g aspar-
tame, even though plasma glucose and insulin were lower after
consumption of fructose than glucose. Regardless of treatment,
food intake was higher in obese than normal weight individuals.
Free fatty acids declined in all treatment groups (regardless of
weight). Normal weight or obese subjects given the fructose
preload also consumed less fat, compared to water or aspar-
tame. The results of the study indicated that the consumption of
fructose prior to a meal has a beneficial, rather than a harmful
effect on food intake of obese subjects (compared to glucose or
aspartame).

In a moderate quality randomized, double-blind crossover
study (score = 26), twenty-eight, non-diabetic obese men (BMI
=32.5 4 0.6 kg/m?) were administered 50 g glucose, 50 g fruc-
tose, 50 g whey protein, or 25 g whey protein plus 25 g fructose
(all as a bolus in milk). In these subjects, plasma glucose and in-
sulin were greater with glucose than fructose and plasma GLP-1
and cholecystokinin were similar with glucose or fructose over a
two-hour period. There was no difference in hunger (P = 0.755)
or food intake (P = 0.121) of an ad libitum meal offered four
hours after administration of glucose, fructose, or whey (with or
without fructose). From this study, the authors concluded that in
obese men, fructose and glucose beverages had similar effects
on appetite and associated regulatory hormones, independent
of the effect on blood glucose or insulin (Bowen et al., 2007).

A similar result was found in a moderate quality (score =
28), randomized, single-blind crossover study conducted in
overweight and obese patients with type II diabetes (average

Table 6 Short-term studies (<24 hours) investigating the effect of a bolus dose of fructose on triglycerides in overweight or obese subjects

Evaluation System

Score* (Quality) Subjects/Study Design Dose/Matrix

Time Course

Result Reference

20 (Moderate) S/group (1M, 4F)
Type II diabetics

BMI: 28-51 kg/m?
Age: 34-57 yrs

Single blind, crossover

75gglu+7.5¢gfru
liquid bolus (vol
unknown), no
isocaloric control

To 180 min

GLU: glu > glu + fru

INS, NEFA, TG: glu = glu + fru

Lactate: glu + fru > fru at 60 and 120 min. No
difference at 180 min.

NEFA, glycerol: both groups <BL

Lactate: glu + fru > BL

TG: both groups = BL

Moore et al. (2001)

All subjects fasted overnight and met criteria of overweight or obese (BMI = 25.0-29.9 or > 30 kg/m?, respectively) as defined by WHO (2006) unless indicated
otherwise. BL = baseline; BMI = body mass index; F = female; fru= fructose; glu = glucose; GLU = plasma glucose; INS = plasma insulin; M = male;
NEFA = non-esterified fatty acid; TG = triglycerides; vol = volume; yrs = years. *Evaluation system score (quality) for intervention studies as described in
section entitled “Study Grading Criteria”: low (<20), moderate (20-29) or high (> 30).



(0€ <) Y31y 10 (67—07) AeIpowW (Og>) MO[ : BN JuIpein) Apng,, PAPNUS UONOIS UT PAQLIOSIP Sk SAPNIS UONUAAINUI 10] (A)1[enb) a100s waisAs uonenreaq,,

*9oueIa[0) N[3 paireduwt pey 0[/6 ,

's1eak = SIK ‘oyejul JLIO[Ed [10) = [D ], {9SOIINS = INS {PILPUE)S = PIS JYSIOMIA0 =

MO YSIom [eurIou = AN SMI[OW $a12qeIp Juapuadap urnsur-uou = N :I9UJIMS JLIO[ROUOU = SN $SIINUIW = UTW 3[ewl = JA ‘urnsul ewse[d = GNJ ¢sinoy = 1y opndad ayi-uo3eon[3 = [-J 1D
‘opndad Alonqryur omses = o 9soon[s = n[8 ‘esoon|3 ewseld = OO 95010NIY =n1J QEWRY = J YBIUl ASIOUS = [H ‘UIUD0ISAOQOYD = :JSAd[0YD) (QeIpAyoqIed = QHD ‘oweyredse = dse

“ISIMISYIO PAIBIIPUL SSI[UN (900T) OHM £q PAUYap st (K[0A10adsa1 ,w/3Y O¢ < 10 6'67-0°ST = IINE) 95990 10 JYSIOMISA0 JO BLISJLIO JOU PUB JYSIUIIAO PAjsey s)3[qns [y

dnoi3

JYS1oM OIS UL OYBIUT POOJ JO SN[ U9aMI2q SUOTIR[QIIOD ON
‘AN Uey} 9seqo ur 1oySy

SNI ‘IO N[ = nij :youny Je aYeIur pooj ‘SNI ‘N'1O T ApmS
S[OAQ[

SNI YIIM Pje[a1I0d (AN 10U INQg) 353q0 AQ PAWNSUOD SALIO[RD)
(sdnoi3 jySrom yroq) nij < ni3 :youny je eIUI poo]

(8861) 'T& 12 UIpoy MN < 9soqo ur sesuodsar ‘niy < n[3 :SNT ‘01O :T ApmS

U 661 oL

peoraxd 10)je s10Yy G7'7

paayjo youny paysrom-aid ‘Teonuapy
(peoraxd) 1e3ns 3 Gz yym yorus Aq

Pamo[oj 1e3ns 3 G| yim Isepyearg
(pooy yrm) n(3

3 0p ‘(pooy yim) nyy 3 o :g ApmS
snjoq pmbry [w 00g

‘ni3 3 o ‘nyy 3 0¢ :1 ApmiS

SJUILYNU AIYJO YIIM P2IIISTUTUIPD ISOP SNJOq D YIIM SIIPNIS

*sdnoi3 ueom)aq 9ouaIJaId JUSLINUOIIRW Ul OUIJIP ON
‘(Juounjean) Jo Sso[pIeSar) SoNeqeIp < SOIJAqRIPUOU :OYEIUT POO.]
(sdnoi3 yroq n[S) = n1j < J[OIYAA YBIUI POO, ‘ToSuny
(sdnoi3 y1oq) 9[o1yaA < N3 = nij :ssaufng
(sdnoi3 yroq) 9[o1yeA = niy < N3 410 Sunseq
[CRUERIDEI RILEN
< n1j = nj3 {(SoneQqeIpuou) J[OIYA < nIj < N3 -4 1O Sunseq
(son12qe1p) JPoTTaA
< nyy < N3 {(soneqeIpuou) [OIYaA = nij < ni3 :SNJ Sunseq
(s109[gns jo sdnoi3 y1oq) n[3 = niJ < 9[O1YaA :([eaw 1e) 1O
(s103(gns jo sdnoi3 yjoq) s[o1yaa = niy < ni3 :NTO Junseq
NIy < A9y :SSoU[[NJ/UOnOeJIsnes
niy/Aaym = Asym = nij = n[3 :1a8uny ‘([esw 1s9)) 19
n[s = nIJ < nI/Aoym < Aym :3sKo[oy)
niyAaym = n1y = n[3 < Aoym -4 1O
(Ut (g 18) Aoym < nIy/koym =
niy = n3 {(urw Oz 03) niyykaym = Laym = niy = nj3 :urIyn
nyy < niyAoym = Aoym < n[3 :SNJ
ni/Aaym = Asym < nij < ni8 :n1O
“dse
10 19)em 0} paredwiod NIy PoIoISIUTWPE USYM Jef SSO] POJO9[as
s100[qns AN pue 9s9qQ) s102[qns AN < 959q0 :ayejul JLIo[RD)
(MN)
101em ‘dse ‘niy < n[3 :(959qo) 19jem = dse = n[3 = niJ :[g [BIOL
(N Areroadsa <asaqo

(2002) ' 19 0ZZOA

(L00D) 'Te 10 uamog

2810424 Jo uonsagur
I9)J® SINOY ¢ PAIRJJO [edW qI] PY
Suoaey
UOWQ[ JLIO[BIUOU [JIM SSIUIQIMS
0] payoIew o1oM saFeIoAdy
(snjoq
pmbiy (w (¢ & se papraoid) n3 3
Iy 0], GLIoniy 3 gy (so1yea) niy 1o nis 3
98e109A2q JO uonsazur
I9)J® SINOY { PAIRJJO [edW qI] PY
SON UMM SSOUIOIMS
0) payoIeW 2IoM saFeIoAdg
(snjoq pmbiy [w o4
01 06¢ ® se papraoxd) (1ef 9 1) yrw
pue 103em [Im ‘Koym 3 ¢z + nij
1y 0], 8 ¢zio‘Kaym S g ‘ni8 8 o ‘niy S g

youny paySromaid ‘[eonuapr yim
Joje[ unw 8¢ pamo[[oj ‘snfoq [W 00S
IS)BM PIUSJIOMSUN ‘PIIOABU()

JIOA0SSOIO ON

SIK R¢—9 93V

J Apueurwopald

(MO % 3Ae %8%—L1) 95990 6

(MO % 3A€ %7-0) MN 01 (a1eI9pOIN) TT

J9A0SSOIO PUI[q-J[SUIS ‘PAZIOpUBY

SIK 1/~ 98V

(zw/34 T°0¢ "SA®) [W/SY T'9¢—€'ST [ING
(€7

‘IN9) sonRqeIp (AIN 98290 10 MO 01

SIK 69—t 98V

({W/3Y 6°0¢ "SA®) W/ ¢ L¢—LT TND

»(dIb ‘INO) SOBIQRIPUOU 353G0 10 MO 0T (31IOPOIN) 8T

JOAOSSOIO PUI[Q-I[QNOP ‘PIZIopuey
SIKQ F (°LS 98V
AU/3Y 90 F 0$TE ING

N 8C (a1819pOIA)) 92

pazrwopuey]

10 MN) NIJ < N[ = dse = 10)em :[eaW I A¥eIUI JBJ JO JLIo[RD) dse 3 670 SIK 0G-7C 193V
(95290 10 MN) Jo1em = dse < nij < n[3 :SNJ ni3 3 g (MO %S 0F1 "3A®) J 95290 9
(0661) upoy (05090 10 AN) ToreM = dse =ny < n[§:[D U 84 Of ny § 05 (MN) dnois/xasyy (a18I9pOIN) 9T
A2IDM U1 PILIISTUTUIPD ISOP SNJOq D YJIM SIIPNIS
Q0UAIRJOY NSy 9SIN0D) UL, XIIBIA/2s0(J udrso( Apmg/s1oalqng (AyrenQ)) 421008

WAISAS uoneneAg

0TO0C J8quadaqg 8 8% :0C

CWW Meyiign ‘uoibuiiieq] :Ag papeo jumog

§302[qns 95290 10 JYSTOMIDAO JO AYBIUT POOJ U0 3503on1J Jo uondwnsuod (Aep [>) wiIa) JI0Ys Jo J90)Jq L dqeL

909



20: 48 8 Decenber 2010

Downl oaded By: [Harrington, Matthew] At:

910

BMI = 30.2 kg/m?) and non-diabetic subjects (average BMI
= 30.9 kg/m?) with impaired glucose tolerance (Vozzo et al.,
2002). In both groups of subjects, plasma glucose, insulin, and
gastric inhibitory peptide (GIP) concentrations were greater two
to three hours after ingesting a beverage containing 75 g glucose
than 75 g fructose. However, in either group, there was no differ-
ence in feelings of fullness or hunger or for food intake of an ad
libitum meal offered three hours after administration of either
sugar. From this study, the authors concluded that in overweight
or obese subjects with Type II diabetes or impaired glucose tol-
erance, fructose and glucose had equivalent short term satiating
efficiency.

When 40 g fructose or glucose were incorporated into the
breakfast meals of groups of ten normal weight or nine obese
subjects, plasma glucose and insulin responses and intake of
food, fat, protein, or carbohydrate ingestion at a lunch offered
2.25 hours were similar and not influenced by weight (Rodin et
al., 1988). Compared to normal weight subjects, obese subjects
had greater plasma glucose or insulin responses to either sugar.
When 50 g fructose or glucose were given as a 500 ml liquid
preload (instead of in breakfast food), serum glucose and insulin
and food intake were lower in the fructose group than the glucose
group in both normal weight and obese subjects. In obese, but
not normal weight subjects, food intake correlated with insulin
levels 15 or 30 min after the liquid preload. The results of this
moderate quality study (score = 22) showed that there is no
differential effect of addition of a moderate amount of fructose
or glucose to a mixed meal on blood glucose, insulin, or food
intake in either normal weight or obese people. When fructose is
provided as the only nutrient, it can suppress food intake in both
obese and normal weight individuals. In obese, but not normal
weight subjects, this effect may be related to decreased serum
insulin.

In conclusion, the majority of the short term (< 1 day) studies
that have been performed with a bolus dose of 40-75 g fructose
or glucose prior to food consumption indicate that fructose had
no effect on food consumption, energy intake, or satiety of
overweight or obese subjects compared to glucose.

Shorter-Term Studies: Miscellaneous Studies that Examined
the Effect of Fructose on Carbohydrate Metabolism without
Determining the Effect on TG or Food Intake

The effect of short-term fructose ingestion (from 2 to 6 hours
in duration) on carbohydrate metabolism of overweight or obese
subjects has been measured in six studies that do not provide any
information about TG, satiety, or food intake. The design and
results of these studies are summarized in Table 8. The grades
of these studies are associated with moderate quality (20-29
points).

The studies summarized in Table 8 generally show that
plasma glucose and insulin concentrations are lower in non-
diabetic, overweight, or obese subjects ingesting 47-100 g fruc-
tose after an overnight fast (compared to sucrose or glucose),

L. C. DOLAN ET AL.

regardless of whether the sugars were administered in liquid
(with or without fat) or in solid food (Simonson et al., 1988;
Schwarz et al., 1989; Paquot et al., 1996; Van Gaal et al., 1999;
Tittelbach et al., 2000). These studies received scores of 21, 23,
20, 26, and 20, respectively.

In a moderate quality study (score = 20), Simonson et al.
(1988) found that overweight subjects with non-insulin depen-
dent diabetes, obese non-diabetic subjects and subjects of nor-
mal weight exhibited higher plasma glucose and insulin concen-
trations up to 240 minutes after exposure to 75 g glucose than
75 g fructose. Compared to other groups, diabetic subjects ex-
hibited higher plasma glucose concentrations in response to ei-
ther fructose or glucose. Whereas the plasma insulin response to
glucose was highly variable between subject groups, the plasma
insulin response to fructose for all groups was consistent. These
data indicate that in overweight subjects with or without dia-
betes (as well as in normal weight subjects), fructose exhibits a
beneficial effect on blood glucose regulation.

In a moderate quality study (score = 21) comparing the effect
of ingestion of 30 g sucrose or fructose in a bolus oral dose or
with food, Vessby et al. (1990) noted that the insulin and glucose
responses to 30 g fructose were less than 30 g sucrose when
the sugars were administered as a bolus liquid to either healthy
overweight subjects (avg. BMI = 28.2 kg/m?) or overweight
subjects with non-insulin-dependent diabetes (avg. BMI = 28.2
kg/m?). When 30 g of either sugar was administered in a break-
fast meal to overweight subjects with non-insulin-dependent
diabetes (avg. BMI = 30.4 kg/m?), the insulin responses to both
sugars were similar, but the glucose response to sucrose was
higher than fructose. In normal weight, non-diabetic subjects
ingesting a meal containing 30 g of either sugar, the glucose
and insulin responses were similar. The results of the study
indicate that in overweight subjects with or without non-insulin-
dependent diabetes, the effect of 30 g fructose on blood glucose
regulation was either similar or beneficial to that of 30 g sucrose.

A moderate quality study (score = 21) performed in 8 nor-
mal weight subjects and 15 obese (BMI >30 mg/kg?) subjects
(8 with and 7 without non-insulin-dependent diabetes) demon-
strated that endogenous glucose production (which was higher
at baseline in obese subjects with non-insulin diabetes com-
pared to other groups) remained constant in all groups of sub-
jects after administration of 47.3-50.4 g fructose over a pe-
riod of three hours (Paquot et al., 1996). In normal weight
and obese subjects without diabetes, the stimulatory effect
of fructose on carbohydrate oxidation and the inhibitory ef-
fect on lipid oxidation were similar. However, both responses
were blunted in obese subjects with diabetes, resulting in in-
creased non-oxidative carbohydrate disposal and non-oxidative
fructose disposal. Because carbohydrates other than fructose
were not studied, it is unknown if the effect of fructose on
carbohydrate and lipid oxidation in diabetics was unique com-
pared to other carbohydrates. Nonetheless, this study shows
that the short-term metabolic effects of ingestion of approx-
imately 50 g fructose are similar in normal weight subjects
and obese subjects without non-insulin-dependent diabetes.
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Moderate quality (scores = 20, 20, 26, and 23), short-term
studies in which 75-100 g fructose or glucose was administered
as a bolus dose to overweight or obese subjects indicate that,
in general, energy expenditure and carbohydrate oxidation are
increased and lipid oxidation is decreased after fructose inges-
tion (compared to glucose) (Simonson et al., 1988; Schwarz
etal., 1989; Van Gaal et al., 1999; Tittelbach et al., 2000). How-
ever, in a negative energy balance situation, fat or carbohydrate
oxidation are not affected differentially by fructose or glucose
(Tittelbach et al., 2000). The results of these studies suggest
that in obese subjects, the effect of fructose and glucose on fat
or carbohydrate oxidation is variable depending on whether the
subjects are in energy balance or negative energy balance. The
study by Schwarz et al. (1989) showed that regardless of whether
glucose or fructose was administered, there was a negative cor-
relation between body fat and thermogenesis (i.e. women with
more body fat tended to have lower thermogenic responses). Al-
together, the results of these studies indicate that the individual
metabolic responses of overweight or obese subjects to various
monosaccharides are highly dependent on study design.

In the moderate quality study (score = 21) performed by
Vessby et al. (1990), diarrhea was noted in 1/20 of the subjects
within four hours of ingesting 30 g fructose in a liquid, indicat-
ing that a dose of 30 g fructose, when administered in a liquid
has the potential to be malabsorbed. Diarrhea was not noted in
any of the 24 subjects who ingested 30 g fructose as part of a
breakfast meal. In a previously evaluated short-term (90 minute)
study involving normal weight and overweight subjects, Reiser
et al. (1987) noted that nine subjects ingesting 105 g fructose in
drinks complained of gastric discomfort. These investigators hy-
pothesized that the insulin responses could therefore be affected
by hormones released in response to stress (such as corticoids
or catecholamines).

In conclusion, the results of the majority of short-term stud-
ies suggest that ingestion of high amounts of dietary fructose
induces abnormalities in carbohydrate metabolism that promote
lipogenesis. Responses observed in these generally low to mod-
erate quality studies may have been confounded by fructose mal-
absorption (particularly studies that were conducted with bolus,
liquid doses) or alterations in normal energy intake. Because
metabolic responses to fructose could be affected by hormones
(such as corticoids or catecholamines) released in response to
stress, the results of the short-term studies that were conducted
with large, bolus doses of fructose may not accurately predict
responses that may occur with ingestion of the same amount of
fructose distributed over the day (either with or without meals).
Therefore, the results of these studies are generally considered
to be of little value for an assessment of biologically relevant
effects of dietary fructose in overweight or obese individuals.

OBSERVATIONAL STUDIES

Three observational studies were located in which data for
overweight or obese subjects could be analyzed (Wu et al., 2004;

Aeberli et al., 2007; Bingham et al., 2007) (Table 9). As noted
previously, these studies are not considered to be as substantive
as intervention studies. Based on a total possible point score of
20, each observational study was given a low (< 10) or moderate
(10-20) quality grade. All three of the studies were considered
to be of moderate quality.

Two of the observation studies analyzed the relationship
between fructose intake and body weight in groups of male
and female subjects that were either of normal weight or
overweight/obese (Aeberli et al., 2007; Bingham et al., 2007).
Another study examined this relationship in females that were
“generally overweight” (Wu et al., 2004). The studies by
Aeberli et al. (2007) and Bingham et al. (2007) indicated that
there was no difference between daily fructose consumption in
obese subjects compared to normal weight subjects. However,
the study by Aeberli et al. (2007) demonstrated that overweight
Swiss children (n = 43) had a higher percentage of fructose
intake from sweets and drinks (combined) compared to normal
weight children (40.0 & 31.7% vs. 23.4 £ 26.0%, P <0.05)
and a lower percentage of fructose intake from fruit and
vegetables compared to normal weight children (41.9 & 31.4%
vs 58.1 & 31.4%, P <0.05). Intake from sweets or drinks as
separate entities was not determined. Total fructose intake was a
significant predictor of LDL particle size (which was generally
lower in overweight children), but not other lipid parameters
such as HDL-C, LDL-C, total cholesterol, or TG (which was
generally higher in overweight children). It should be noted
that the intake of fructose reported in this study was relatively
low (approximate average and range of 2 g/day and 012 g/day,
respectively), compared to the average fructose intake of Amer-
ican children (approximately 50 g/day) reported by Marriott et
al. (2009). Although it is possible that fructose intake is lower
in Swiss than American children, it is likely that fructose intake
was underreported in this study. Furthermore, the effect of de-
creased fiber and increased protein intake in obese children was
not factored into the statistical analyses. Therefore, this study is
not considered to be particularly reliable for an assessment of
the relationship of fructose intake to the development of obesity.

The moderate quality study (score = 16) by Bingham et al.
(2007) was a cross-sectional study involving 404 obese and 471
normal weight subjects. Urinary concentrations of fructose,
glucose, and sucrose were measured to confirm reported intakes
and data were analyzed according to quintiles of intake. In this
study, the average fructose intake was 25 g/day in normal weight
individuals (BMI <25 kg/m?) and 26 g/day in obese individuals
(BMI >30 kg/m?). People with the lowest intake of fructose
had the highest odds ratio for being obese. The odds ratio for
obesity by quintile of reported sugar intake was significant
for urinary sucrose (P = 0.037 for trend) and urinary su-
crose/fructose (P < 0.001 for trend). Urinary sucrose/fructose
ratio and urinary glucose concentrations were also significantly
higher in obese compared to normal weight individuals (P =
0.008 and 0.007, respectively), suggesting that the intake of
glucose (rather than fructose) may be related to development of
obesity.
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Table 9  Observational studies on fructose intake of overweight or obese subjects*

Evaluation System

Score (Quality)** Subjects

Assessment Method

Result Reference

18 (Moderate) 74 subjects (31 NW and 43
OW)? Swiss children (not
presented by gender)

Age: 6-14 yrs

one-day dietary record

16 (Moderate) 471 NW (203 M, 298 F);

BMI: 22.9-23.2 kg/m?
404 obese (191 M, 255 F);

BMI: 33.5-34.1 kg/m?
Age: 45-75 yrs

urinalysis

15 (Moderate) 1999 generally OW F

Age: 25-69 yrs over a 4 year period

Two 24-hr dietary recalls, and

Food frequency questionnaire and
confirmation of intake with

Two food frequency questionnaires

NW: Fru intake of 1.99 g/day (range
0.12-12.3 g/day)

OW: Fru intake of 1.62 g/day (range
0.15-11.38 g/day)

No associations between dietary fru intake

Aeberli et al. (2007)

and obesity

NW: fru intake = 25 g/day (range 24-26 Bingham et al. (2007)
g/day)

Obese: fru intake = 26 g/day (range 25-27
g/day)

No associations between dietary fru intake or
urinary fru and obesity

Group 1: 8.5% of energy from fru (38.8
g/day); BMI: 25.4 + 0.2 kg/m?

Group 2: 4.9% of energy from fru (22.1
g/day); BMI: 25.2 4 0.2 kg/m?

Group 3: 2.7% of energy from fru (11.8
g/day); BMI: 26.2 + 0.2 kg/m?

BMI inversely associated with fru intake

Wu et al. (2004)

*Subjects met criteria of overweight or obese (BMI = 25.0-29.9 or > 30 kg/m?, respectively) as defined by WHO (2006) unless indicated otherwise; **Evaluation
system score (quality) for observational studies as described in section entitled “Study Grading Criteria”: low (<10) or moderate (10-20).

apo B = apoprotein B; BMI = body mass index; CHO = carbohydrate; F = females; fru = fructose; HDL-C = high density lipoprotein cholesterol; LDL-C =
low density lipoprotein cholesterol; M = males; NW = normal weight; OW = overweight; TG = triglycerides; yrs = years.

@ The avg. BMI's reported in the study for NW and OW children were 15.9 = 1.9 kg/m? and 23.4 =+ 3.2 kg/m? (respectively). Children were classified as NW or
OW using age and sex-specific data from the Centers for Disease Control and Prevention (CDC) (Ogden et al., (2002), as referenced in Aeberli et al. (2007)) and

> 85th percentile values as being OW.

Wu et al. (2004) performed a moderate quality (score =
15), cohort study of 1999 healthy women (aged 25-69) from
two nurses’ health studies in which the relationships of sev-
eral characteristics to fructose intake were assessed. Women
in the highest quintile of energy from fructose (free or includ-
ing fructose from sucrose) had higher energy and carbohydrate
intakes, physical activity, and glycemic load, and lower BMI,
cholesterol, fat and protein intakes, alcohol intake, and smoking
incidence than those in the lowest quintile of fructose intake. Be-
cause this study was confounded by many factors that can affect
BMLI, one cannot conclude that there was a causal relationship
between the ingestion of fructose and lower body weight. How-
ever, it can be concluded that, in general, women with higher
fructose intakes exhibited behaviors that were associated with a
healthier lifestyle than those with lower fructose intakes.

In conclusion, the results of the observational studies that
have examined the relationship between fructose intake and
obesity indicate that ingestion of moderate amounts of fructose
is not associated with obesity. Because reported intakes of fruc-
tose were relatively low compared to current estimates of fruc-
tose consumption, it is likely that these studies are confounded
by underreporting of fructose intake. Furthermore, because the
observational studies did not control for many factors that can
affect BMI, such studies are not considered to be particularly
reliable for an assessment of the relationship of fructose intake
to body weight. Nonetheless, they indicate that obese subjects

do not ingest greater amounts of fructose than normal weight
subjects.

CONCLUSIONS FROM THE OVERALL BODY OF
EVIDENCE

The purpose of this review was to use a systematic, evidence-
based approach to determine if a causal relationship exists be-
tween ingestion of fructose in a normal, dietary manner and
the development of alterations in lipid and/or carbohydrate
metabolism and increases in body weight in overweight or obese
humans. Studies investigating the effect of fructose on blood
lipids, glucose, insulin, obesity, or body weight of overweight
or obese humans were identified by literature searches, obtained
and reviewed. All studies that used levels of fructose consump-
tion greater than the estimated 95th percentile (& SE) intake
levels were excluded from the analysis. The remaining studies
were graded according to a scale developed by the authors, based
on guidance provided by FDA for evaluation of health claims.
Although the majority of the studies were considered to be of
moderate quality, the database is considered to be sufficient for
the assessment.

The results of the majority of the short-term studies involving
overweight or obese subjects show that in the short-term (i.e.
up to approximately three hours after consumption), ingestion
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of 30-100 g/day fructose is associated with either no change or
a slight increase in serum TG and decreases in plasma insulin
and glucose compared similar amounts of glucose or sucrose.
In overweight or obese subjects that also have non-insulin de-
pendent diabetes, the effects of fructose on blood glucose are
considered to be beneficial. There is no evidence which suggests
that fasting plasma TG are increased in overweight or obese
subjects after long term ingestion of up to 60 g/day fructose.
Long-term studies that utilized subjects who were either normal
weight or overweight indicate that there is no effect of up to
100 g/day fructose on fasting plasma TG. An additional, long-
term (four week) study performed in nine overweight subjects
with impaired glucose tolerance and high TG levels (compared
to normal weight subjects) shows that fasting TG are similar
after consumption of either 122 g/day fructose or glucose. Be-
cause only two long-term studies with relatively few subjects
have investigated the effect of ingestion of normal amounts of
fructose on TG levels of overweight or obese subjects, it is clear
that the long-term effects of ingestion of normal amounts of
fructose on TG has not been adequately studied in this subpop-
ulation, and may warrant further investigation. Whereas the ten
studies that were performed with abnormal levels of fructose
intake (>95th percentile levels) suggest that fructose increases
TG in overweight or obese subjects, there is no evidence that
ingestion of fructose <95th percentile levels of intake is also
associated with this phenomenon.

There also is no evidence that ingestion of normal amounts
of fructose is associated with an increase in food intake or body
weight in overweight or obese individuals (compared to other
carbohydrates), when it is not consumed in caloric excess. In
general, overweight or obese subjects administered 40-75 g
fructose or glucose two to four hours before being offered a
meal consume similar amounts of food. Administration of 50
or 60 g/day fructose for 13 weeks to healthy overweight sub-
jects or overweight or obese patients with Type II diabetes had
no effect on body weight, compared to baseline. Studies using
subject populations that included normal weight, overweight,
and obese subjects indicate that ingestion of a diet containing
up to 85 g fructose for five weeks has no effect on body weight
compared to diets containing similar quantities of other carbo-
hydrates. One study reported that consumption of 122 g/day
fructose for four weeks had no effect on body weight of over-
weight subjects with impaired glucose tolerance; however, data
supporting this finding were not presented. Therefore, no reli-
able studies have been conducted that have examined the effect
of consumption of fructose at levels approximating 95th per-
centile estimates of intake on body weight of overweight or
obese subjects. Although intakes of fructose in studies that have
examined satiety, food intake, or body weight are lower than the
95th percentile intake calculated for the highest groups of con-
sumers (136 g/day in 19-30 year old females and 146 g/day in
19-22 year old males), they support the conclusion that fructose
does not cause biologically relevant changes in food intake or
body weight in obese or overweight individuals when consumed
at average levels (approximately 50 g/day).

In conclusion, the present review shows that intake of normal
amounts of fructose has the same effect on TG or body weight
in overweight or obese individuals as similar amounts of other
carbohydrates such as glucose or sucrose. There is no evidence
to suggest that ingestion of fructose at levels approaching 95th
percentile levels of intake has adverse effects on body weight
or serum TG in overweight or obese subjects. Studies that have
shown adverse effects of fructose on these variables have been
performed with abnormal levels of intake (>95th percentile).
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