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ABSTRACT
Background: The prevalence of hyperuricemia and
gout has increased in recent decades. The role of
dietary fructose in the development of these conditions
remains unclear.
Objective: To conduct a systematic review and meta-
analysis of prospective cohort studies investigating the
association fructose consumption with incident gout
and hyperuricemia.
Design: MEDLINE, EMBASE and the Cochrane Library
were searched (through September 2015). We included
prospective cohort studies that assessed fructose
consumption and incident gout or hyperuricemia.
2 independent reviewers extracted relevant data and
assessed study quality using the Newcastle-Ottawa
Scale. We pooled natural-log transformed risk ratios
(RRs) using the generic inverse variance method.
Interstudy heterogeneity was assessed (Cochran
Q statistic) and quantified (I2 statistic). The overall
quality of the evidence was assessed using the Grading
of Recommendations Assessment, Development and
Evaluation (GRADE) approach.
Results: 2 studies involving 125 299 participants
and 1533 cases of incident gout assessed the
association between fructose consumption and
incident gout over an average of 17 years of follow-
up. No eligible studies assessed incident
hyperuricemia as an outcome. Fructose consumption
was associated with an increase in the risk of gout
(RR=1.62, 95% CI 1.28 to 2.03, p<0.0001) with no
evidence of interstudy heterogeneity (I2=0%, p=0.33)
when comparing the highest (>11.8% to >11.9%
total energy) and lowest (<6.9% to <7.5% total
energy) quantiles of consumption.
Limitations: Despite a dose–response gradient, the
overall quality of evidence as assessed by GRADE
was low, due to indirectness. There were only two
prospective cohort studies involving predominantly
white health professionals that assessed incident
gout, and none assessed hyperuricemia.
Conclusions: Fructose consumption was associated
with an increased risk of developing gout in
predominantly white health professionals. More
prospective studies are necessary to understand

better the role of fructose and its food sources in the
development of gout and hyperuricemia.
Protocol registration number: NCT01608620.

INTRODUCTION
Gout is a systemic rheumatic condition char-
acterised by monosodium urate crystal depos-
ition and accumulation around joints.
Individuals with gout often experience acute
and recurring attacks of arthritis that can
affect several joints.1 Hyperuricemia or exces-
sive circulating concentrations of urate, the
final product of purine metabolism, is a
major risk factor for gout and plays a major
role in the pathogenesis of this condition.2

Chronic hyperuricemia and gout also repre-
sent potential risk factors for cardiovascular
disease (CVD).3 According to the National
Health and Nutritional Examination Survey
2007–2008, hyperuricemia affects >20% of

Strengths and limitations of this study

▪ This systematic review and meta-analysis
assessed the overall quality of the evidence
using the Grading of Recommendations
Assessment, Development and Evaluation
(GRADE) approach.

▪ Large prospective cohort studies that were of
high quality and had a long duration of follow-up
were included.

▪ The pooled results showed good consistency
(low between-study heterogeneity) and evidence
of a dose–response gradient.

▪ Only two prospective cohort studies with low
external generalisability were available for
inclusion.

▪ The observational design of the prospective
cohort studies did not allow for causal inferences
to be drawn.
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the US population, while ∼4% of American adults have
gout.4 The prevalence of hyperuricemia and gout has
increased in recent decades,4–6 suggesting potential
environmental triggers. Several lifestyle and dietary
factors have been implicated in the development of
these conditions, including elevated body mass index
(BMI),7 alcohol consumption8 and high dietary intakes
of meat and seafood.9 10 Recent research has also impli-
cated fructose intake in the pathogenesis of hyperurice-
mia and gout.11 12

Fructose is a monosaccharide found commonly in
plants. It is also a major constituent of high-fructose corn
syrup (HFCS) in sugar-sweetened beverages (SSBs).13

Ecological evidence has shown that the increasing preva-
lence of hyperuricemia and gout in developed countries
has paralleled the increase in consumption of total fruc-
tose and HFCS.14 The phosphorylation of fructose, unlike
the monosaccharide glucose, is understood to facilitate
ATP depletion and result in an elevation of circulating
uric acid levels.11 15 16 Animal studies and select trials of
acute ingestion of fructose-sweetened beverages have
shown that fructose can lead to higher blood con-
centrations of uric acid.17 18 However, a meta-analysis of
isocaloric substitution trials did not support this associ-
ation between fructose and serum uric acid.19 The role of
fructose from all dietary sources as a risk factor for inci-
dent hyperuricemia and ultimately gout, therefore,
remains unclear. Furthermore, there is a notable lack of
meta-analyses of prospective studies assessing the role
of dietary fructose in the development of disorders of
purine metabolism. The objective of this study was to
conduct a systematic review and meta-analysis of prospect-
ive cohort studies investigating total fructose consumption
and its association with incident hyperuricemia and gout.

METHODS
This meta-analysis was conducted in accordance with
the Cochrane handbook for systematic reviews of inter-
ventions20 and reported following the Meta-analysis of
Observational Studies in Epidemiology (MOOSE) guide-
lines.21 The study protocol was registered at ClinicalTrials.
gov (NCT01608620).

Study selection
We performed a comprehensive search of MEDLINE,
EMBASE and the Cochrane Library databases from con-
ception through 22 September 2015. The following
search terms were used: ‘fructose’, ‘sucrose’, ‘sugar’,
‘honey’, ‘HFCS’, ‘gout’, ‘hyperuricemia’ and ‘uric acid’.
No language restrictions were imposed on the search.
The complete search strategy is reported in online
supplementary table S1. The electronic search was sup-
plemented by a manual review of article reference lists.
Abstracts were considered, and authors were contacted for
missing information. We only included prospective cohort
studies which assessed the association between total
dietary fructose intake and incident hyperuricemia or

gout. Studies were considered eligible if cases of gout were
ascertained using self-report of a physician diagnosis, while
the assessment of hyperuricemia required serum uric acid
measurements above study-specific predefined thresholds.

Data extraction
Studies were reviewed and excluded based on an evalu-
ation of titles and abstracts. Articles that passed this initial
screening were then reviewed in full by two independent
reviewers ( JJ and SR). The following data were extracted
from each using a standardised proforma: authorship, year
of publication, cohort name, country, sample size, partici-
pant characteristics, duration of follow-up, method of
dietary assessment, fructose exposure levels, number of
incident hyperuricemia/gout cases, covariates included in
statistical models and risk ratios (RRs) of hyperuricemia
or gout per quantile of fructose intake with 95% CIs.

Study quality
Study quality was assessed using the Newcastle-Ottawa
Scale (NOS) for Cohort Studies. The NOS for Cohort
Studies is a rating scale where points are awarded to
studies based on cohort selection, comparability of
groups and assessment of outcomes.22 Any given study
can have a maximum of nine points. In this analysis,
studies that received ≥6 points were considered of high
quality. Differences in grading between reviewers were
resolved by consensus.

Grading of Recommendations Assessment, Development
and Evaluation
The Grading of Recommendations Assessment,
Development and Evaluation (GRADE) approach was
used to assess the overall quality and strength of evi-
dence.23–35 By this approach, the quality of the totality of
evidence can be graded as ‘very low’, ‘low’, ‘moderate’ or
‘high’. Evidence derived from observational studies
receive an initial grade of ‘low’, while evidence derived
from randomised trials receive an initial grade of ‘high’.25

Scores can be either upgraded or downgraded depending
on a number of factors. Scores for observational analyses
can be upgraded for a large magnitude of effect (RR>2
or RR<0.5 in the absence of plausible confounders),
dose–response gradient or reasonable evidence of attenu-
ation of the pooled effect estimate by confounders.31

Conversely, scores can be downgraded for risk of bias
(weight of studies show risk of bias as assessed by low
NOS <6),26 inconsistency (substantial unexplained inter-
study heterogeneity), I2>50%,29 indirectness (presence of
factors that limit the generalisability of the results),30

imprecision in the pooled risk estimate (the 95% CI for
risk estimates are wide or cross a minimally important dif-
ference of 10% for benefit or harm (RR 0.9–1.1)),28 and
publication bias (evidence of small-study effects).27

Statistical analysis
Data analysis was carried out using Review Manager
(RevMan, V.5.3; The Nordic Cochrane Centre, The
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Cochrane Collaboration). RRs of extreme quantiles of
fructose intake for incident hyperuricemia/gout were
natural-log transformed and pooled using the generic
inverse variance method.36 Although random-effects
models are preferred to fixed effects models because of
their conservative nature in the presence of residual
interstudy heterogeneity, we used fixed effects models as
there were too few studies to estimate τ2 reliably.
Interstudy heterogeneity was assessed and quantified
using the Cochran Q and I2 statistics, respectively.37 The
I2 statistic represents the percentage of total variation
across studies that is due to between-study heterogeneity,
and I2≥50% was considered evidence for substantial het-
erogeneity.20 We could not explore sources of hetero-
geneity by sensitivity analyses or a priori subgroup
analyses owing to too few studies. Publication bias also
could not be assessed owing to too few studies.

RESULTS
Search results
Results of the systematic search and article selection
process are shown in figure 1. Of the 2195 studies ini-
tially identified in the literature search, 2171 were
excluded on the basis of title and abstract review. The
remaining 24 articles were reviewed in full, and 22 were
subsequently excluded. A total of two prospective cohort
studies were included in this analysis.38 39 Both of these
studies pertained to fructose intake and incident gout.
We did not identify any prospective studies that assessed
total fructose intake and its association with incident
hyperuricemia.

Study characteristics
The characteristics of the two prospective cohort studies
included in this analysis are presented in table 1. Both
studies investigated cohorts based in the USA and com-
prised of older, predominantly white (91% and 95%),
health professionals. Choi et al38 consisted of 46 393
male dentists, optometrists, osteopaths, pharmacists and
veterinarians; aged 40–75, from the Health Professionals
Follow-up Study. Choi et al39 investigated a cohort of
78 906 female nurses aged 30–55, from the Nurses’
Health Study. The follow-up rate for both cohorts
exceeded 90%. The women’s cohort had a follow-up
duration of 22 years,39 while the male cohort was fol-
lowed for 12 years.38 Both studies received six points on
the NOS, indicating that they were of high quality. All
125 299 participants across both studies were free of
gout at baseline, and a total of 1533 confirmed cases of
incident gout (755 men, 778 women) were identified.
Methods for collecting dietary and health information

were similar between studies. Validated food frequency
questionnaires (FFQs) of over 130 different foods and
beverages were completed every 4 years. Corresponding
nutrient values were derived from US Department of
Agriculture Sources and supplemented by manufac-
turers. Total fructose intake, defined as fructose plus

half the intake of sucrose, was assessed in both studies.
Median fructose intake was ∼7.2% of total energy in the
lowest quantiles of intake and ∼11.9% of total energy in
the highest quantiles of intake.38 39 In the prospective
study of the Health Professionals Follow-up Study, the
main dietary sources of total monosaccharide fructose
were orange juice (15.9%), SSBs (15.5%), apples
(14.5%), raisins (5.2%) and oranges (3.2%).38

Information regarding weight, medications and medical
conditions (including gout) was collected at baseline
and every 2 years following for the duration of both
studies. Participants who reported physician-diagnosed
incident gout were sent a supplementary questionnaire
based on the American College of Rheumatology gout
survey criteria.40 To meet the end point of the study, par-
ticipants needed ≥6 symptoms out of a possible 11. The
response rate of the supplementary survey was ∼80% for
both cohorts. Both studies adjusted for the critical con-
founders of age, BMI, total energy intake and alcohol con-
sumption (each study was conducted in a single sex, so
adjustment for sex was not necessary). Additional adjust-
ments were made for diuretic use, history of hypertension,
history of renal failure, menopause status, use of hormone
therapy; caffeine intake and total vitamin C; as well as the
percentage of energy from total carbohydrates.38 39

Funding sources were assessed for all of the included
prospective cohort studies. All reported funding from
agency alone.38 39

Total fructose intake on incident gout
Figure 2 depicts the relationship between total fructose
intake and incident gout. We identified a significant
overall association between fructose intake and
increased risk of incident gout with a pooled RR of 1.62
(95% CI 1.28 to 2.03) with no evidence of significant
interstudy heterogeneity (I2=0%, p=0.33). The pooled
risk estimates came from the most-adjusted models
including the adjustment for energy from total carbohy-
drate intake.38 39 This model allows for the effects of
fructose compared with isocaloric exchange for other
carbohydrates to be estimated. Both studies included in
our analysis also presented results adjusted for energy
from non-fructose carbohydrate and total protein to
facilitate the comparison of isocaloric substitution of
fructose for fat. This model resulted in more modest
effect estimates (RR 1.34, 95% CI 1.05 to 1.72) (see
online supplementary figure S1). Pooled analysis of the
least-adjusted models (adjusted for age, total energy
intake, BMI and alcohol consumption in both studies)
did not result in a significant association between fruc-
tose intake and gout (RR 1.10, 95% CI 0.88 to 1.39)
(see online supplementary figure S2).

Total fructose intake on incident hyperuricemia
The lack of prospective studies investigating the associ-
ation between total fructose intake and incident hyperuri-
cemia yielded by our strategy precluded testing the effect
of total fructose intake on incident hyperuricemia.
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Study quality
Online supplementary table S2 shows the NOS for asses-
sing the quality of cohort studies. All studies were con-
sidered to be high quality (NOS≥6).

GRADE assessment
The overall strength and quality of the evidence for the
effect of fructose intake on incident gout was assessed by
GRADE. Despite grading up for an observed dose–
response gradient in the studies, evidence of serious
indirectness resulted in the evidence being downgraded
to low quality, the default level for observational studies
(see online supplementary table S3).

DISCUSSION
Statement of principle findings
We present the results of a systematic review and
meta-analysis of prospective cohort studies investigating

the association between total fructose intake and risk of
developing hyperuricemia and gout. We identified a
total of two prospective studies that assessed the relation-
ship between fructose and gout38 39 and no prospective
studies pertaining to fructose and hyperuricemia. The
two studies that assessed gout included a total of 125 299
participants free of gout at baseline, and 1533 identified
cases of incident gout over an average of 17 years of
follow-up. The results of our pooled analysis indicated
that total fructose consumption was positively associated
with an increased risk of developing gout by 62% when
comparing extreme quantiles of fructose intake.

Strengths and weaknesses of the study
There are many strengths of our analysis pertaining to
fructose and gout. The studies that were included were
relatively large (125 299 participants and 1533 cases of
incident gout), and both had follow-up durations in

Figure 1 Summary of evidence search and selection. Flow of the literature search for the effect of fructose intake on incident

gout and hyperuricemia. Of the 2195 studies initially identified, 2171 were excluded on the basis of title and abstract review. The

remaining 24 studies were reviewed in full. A total of two prospective cohort studies met inclusion criteria and qualified for further

analysis.
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excess of 10 years (12 and 22 years). The methodologies
of these two studies, including the validated FFQ used
for dietary assessment and the evaluation of incident
gout, were remarkably similar, and there was no evi-
dence of interstudy heterogeneity. In both studies,
repeated administration of FFQs facilitated the analyses
of long-term intakes of fructose, not simply diets at base-
line. Furthermore, both studies included in the analysis
of gout had NOS scores ≥6, indicating that they were of
high quality. We also assessed the overall strength of evi-
dence from both studies combined using the GRADE
approach. However, there are many notable limitations.
We were unable to test the pooled relationship between
fructose intake and incident hyperuricemia due to the
lack of any prospective studies investigating this associ-
ation. With regard to fructose and incident gout, we
only identified two prospective studies. This meant that
we were unable to assess publication bias or perform
sensitivity, a priori subgroup and dose–response analyses
using the pooled data. Furthermore, although the
number of participants included in both studies were
relatively large, both cohorts were recruited in the USA,
meaning that our analysis has low generalisability to
other populations. Indeed, various genetic risk factors
for gout have been identified41 with some ethnic groups
particularly susceptible to gout,6 therefore, the results
might not apply to other populations. Finally, although
both studies included in this analysis adjusted for a
number of potentially important confounders, the obser-
vational design of these studies precludes the inference
of causation due to the possibility of residual confoun-
ders that remain unaccounted.

Findings in relation to other studies
The results of our meta-analysis support the notion that
elevated fructose intake is a risk factor for the develop-
ment of gout. A recent cross-sectional analysis identified
a link between intake of SSBs and prevalent gout,42 and
a systematic review43 of risk factors associated with gout
identified fructose intake among other established
dietary risk factors including alcohol, meat and seafood
consumption. Dietary factors associated with a lower risk
of gout include dairy, folate and coffee intake.43 Both
studies included in our meta-analysis identified a sig-
nificant association between SSB consumption and
increased risk of gout while similar associations were not
observed for diet soft drink consumption.38 39

The prevalence of gout has been found to be signifi-
cantly higher in men than women in many diverse
populations.44–46 Of the two studies included in our ana-
lysis of fructose and gout, one was conducted in men
from the Health Professionals Follow-up Study,38 and the
other was carried out in women from the Nurses’
Health Study.39 In agreement with worldwide prevalence
estimates, men in the Health Professionals Follow-up
Study developed gout at a higher rate than women from
the Nurses’ Health Study. This potentially contributed to
the lower effect size observed in the analysis of the
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Nurses’ Health Study despite a larger sample size and
similar levels of fructose intake compared to the Health
Professional Follow-up Study analysis. Although the
exact mechanisms that result in differences in the rates
of developing gout between the sexes have not yet been
fully elucidated, the protective and uricosuric effects of
female sex hormones are thought to play a role.47 48

Hyperuricemia is a major risk factor for gout and is
understood to be instrumental in its development.1

Emerging evidence has also implicated hyperuricemia in
the development of the metabolic syndrome, hyperten-
sion and CVD3 although these associations have not
been consistently reported in studies that include only
hyperuricemic individuals without gout.49 50 We found
no prospective studies investigating fructose intake
and incident hyperuricemia to support the observed
association between fructose and gout. Some cross-
sectional analyses and clinical trials have supported
the association between HFCS-sweetened beverage
intake and increased levels of circulating uric
acid;51–54 however, analysis of NHANES data did not
support the link between fructose intake and
increased risk of hyperuricemia.55 Furthermore, pro-
spective evidence has shown that intake of SSBs,
which is known to be a large contributor to total fruc-
tose intake in western populations,56 is not associated
with an increased risk of incident hyperuricemia.52

These inconsistent findings highlight the need for
more long-term prospective studies investigating fruc-
tose intake from all sources in order to gain a better
understanding of the effects of fructose intake on
risk of hyperuricemia.

Meaning of study: possible explanations and implications
for clinicians and policymakers
Mechanistically, the phosphorylation of fructose is
thought to lead to ATP depletion and the subsequent
accumulation of AMP.57 The lack of free phosphate
results in the conversion of AMP to IMP, a uric acid pre-
cursor, by AMP deaminase.39 High fructose levels and
this associated decrease in ATP have been shown to lead
to a compensatory effect of increasing purine nucleotide
synthesis,15 which can subsequently lead to the further

overproduction of uric acid in the presence of add-
itional fructose. Additionally, fructose-induced hyperin-
sulinemia and insulin resistance39 58 may lead to higher
levels of circulating uric acid through the reduction of
uric acid excretion.59 Results of our pooled analysis
suggest that fructose may indeed act as a risk factor for
the development of gout; however, the lack of prospect-
ive studies assessing hyperuricemia as an outcome limits
our ability to attribute this association with gout to the
mechanism proposed above. It remains possible that
fructose intake increases the risk of developing gout
through undetermined mechanisms independent of any
effects on serum urate levels, although this is unlikely
given the link between fructose and uric acid produc-
tion57 and the established role of elevated serum urate
in the development of gout.2

Current dietary guidelines recommend a reduction in
added or free sugars that include fructose intake (espe-
cially from SSBs) while also not discouraging the con-
sumption of sugars from whole fruits and vegetables.60

While SSBs represent the largest contributor to total
fructose intake in the USA, fruits and fruit products are
also a significant contributor.56 Furthermore, the 2012
American College of Rheumatology Guidelines for
Management of Gout recommends limited consumption
of HFCS-sweetened soft drinks and energy drinks but
does not mention whether fructose from other sources
should be limited.61 It is clear that more prospective
research investigating the effects of fructose intake and
important food sources of fructose (SSBs, fruits and
fruit products, grain-based products, dairy products, etc)
on incident gout and hyperuricemia are necessary to
better inform policymakers as they develop improved
dietary guidelines for the management and prevention
of these chronic conditions.

CONCLUSIONS
Our systematic review and meta-analysis of prospective
cohort studies supports the association between fructose
intake and increased risk of developing gout. The
strength of evidence for the association between fructose
consumption and risk of gout was low, as assessed by
GRADE. It means that further research is likely to have a

Figure 2 Fructose intake and the relative risk of gout. Forest plot of prospective cohort studies investigating the relationship

between total fructose intake and incident gout. Estimates from most-adjusted multivariate models accounting for percentage of

energy from total carbohydrates were used. The diamond represents the pooled effect estimate. Interstudy heterogeneity was

tested using Cochran Q statistic and quantified using the I2 statistic (I2≥50% indicative of significant heterogeneity). All results are

presented as risk ratios (RR) with 95% CIs.
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significant impact on our confidence in the effect esti-
mate and is likely to change the estimate.25 Indeed, only
two studies involving predominantly white health profes-
sionals were included in our analysis. Nevertheless, our
results are consistent with a growing body of literature
implicating fructose as a risk factor for developing gout.
We were unable to identify any prospective studies inves-
tigating the effects of fructose intake on risk of develop-
ing hyperuricemia. Given that gout is on the rise and
has recently been shown to affect ∼4% of the American
population,4 5 it is crucial that the dietary factors that
may confer risk of developing gout are fully elucidated
and understood. It is, therefore, imperative that more
prospective studies assess the intake of fructose and its
food sources in relation to gout and hyperuricemia in
diverse populations to determine if and, ultimately, to
what extent fructose may mediate the risk of hyperurice-
mia and gout.
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