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Abstract
Objectives  Weight loss is commonly recommended 
for gout, but the magnitude of the effect has not 
been evaluated in a systematic review. The aim of this 
systematic review was to determine benefits and harms 
associated with weight loss in overweight and obese 
patients with gout.
Methods  We searched six databases for longitudinal 
studies, reporting the effect of weight loss in overweight/
obese gout patients. Risk of bias was assessed using 
the tool Risk of Bias in Non-Randomised Studies of 
Interventions. The quality of evidence was assessed 
using the Grading of Recommendations Assessment, 
Development and Evaluation.
Results  From 3991 potentially eligible studies, 10 were 
included (including one randomised trial). Interventions 
included diet with/without physical activity, bariatric 
surgery, diuretics, metformin or no intervention. Mean 
weight losses ranged from 3 kg to 34 kg. Clinical 
heterogeneity in study characteristics precluded meta-
analysis. The effect on serum uric acid (sUA) ranged from 
−168 to 30 μmol/L, and 0%–60% patients achieving 
sUA target (<360 μmol/L). Six out of eight studies (75%) 
showed beneficial effects on gout attacks. Two studies 
indicated dose–response relationship for sUA, achieving 
sUA target and gout attacks. At short term, temporary 
increased sUA and gout attacks tended to occur after 
bariatric surgery.
Conclusions T he available evidence is in favour of 
weight loss for overweight/obese gout patients, with 
low, moderate and low quality of evidence for effects on 
sUA, achieving sUA target and gout attacks, respectively. 
At short term, unfavourable effects may occur. Since 
the current evidence consists of a few studies (mostly 
observational) of low methodological quality, there is 
an urgent need to initiate rigorous prospective studies 
(preferably randomised controlled trials).
Systematic review registration PRO SPERO, 
CRD42016037937.

Introduction
Gout is a common form of inflammatory arthritis,1 2 
with an age-standardised global prevalence of 0.08% 
and is higher in developed countries.3 Gout is a 
crystal-deposition disease resulting from chronic 
elevation of serum uric acid (sUA) above the satura-
tion point for monosodium urate (MSU).4–7 Initial 
presentation is severely painful episodes of periph-
eral joint synovitis (acute ‘attacks’), but joint damage 

and subcutaneous tophus deposition may develop.8 
The general management principle is to reduce sUA 
levels, allowing MSU crystals to dissolve, leading to 
the elimination of acute attacks, disappearance of 
tophi and possibly cure of the disease.9–11

Body mass index (BMI) is strongly positively 
correlated to sUA levels,12 13 and weight loss is a 
commonly recommended treatment for gout.14–23 
Furthermore, weight loss from bariatric surgery 
is associated with reduced incidence of hyper-
uricaemia and gout.24 The mechanism by which 
weight loss can lower sUA levels is poorly under-
stood. Some suggest that improved insulin resis-
tance results in less insulin-enhanced reabsorption 
of organic anions such as urate,2 and a study 
demonstrated decreased sUA in overweight patients 
receiving either weight loss from low-energy diet 
or an insulin-sensitising agent.25 However, a study 
of severe obese patients receiving bariatric surgery 
found no association between reduced sUA levels 
and improved insulin resistance,26 making a rela-
tionship questionable.

Guidelines recommending weight loss for gout 
patients14–23 are based on evidence from only few 
clinical studies,27 28 one population-based study29 
and indirect evidence from studies on non-gout 
subjects. The evidence for effectiveness in clinical 
studies has to our knowledge not previously been 
evaluated in a systematic review. Therefore, the 
primary objective of this systematic review was to 
determine the benefits and harms associated with 
weight loss in overweight and obese individuals 
with gout. Furthermore, we had an explicit focus 
on the weight loss intervention (including magni-
tude and intensity) to see whether a dose–response 
relationship exists at the study (ie, group) level.

Methods
Protocol
A protocol adhering to the Preferred Reporting 
Items for Systematic review and Meta-Analysis 
Protocols 2015 statement30 was registered online 
(PROSPERO: CRD42016037937) and published 
on www.​parkerinst.​dk.

Search strategy
We searched four bibliographic databases on 26 
April 2016; MEDLINE via Ovid from 1946, 
EMBASE via Ovid from 1974, Web of Science via 
Web of Knowledge from 1900, Cochrane Central 
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Register of Controlled Trials (CENTRAL, The Cochrane Library), 
as well as ​ClinicalTrials.​gov and WHO International Clinical 
Trial Registry Platform portal (search strategy presented: online 
supplementary text S1). We screened reference lists of relevant 
articles, as well as the American College of Rheumatology (ACR) 
and European League Against Rheumatism conference abstracts 
from 2014 and 2015, the ACR conference abstracts from 2016 
and content experts were asked if they were aware of any other 
relevant studies.

Study selection
Anticipating only few randomised controlled trials (RCTs), we 
also included longitudinal observational studies (non-randomised 
studies) that quantitatively estimated the effect following weight 
loss. Studies needed to include ≥10 adult and overweight/obese 
patients (author described or BMI ≥25 kg/m231) with diagnosed 
gout (author  described or meeting the 1977 ACR criteria for 
gout32). Eligible interventions included those where a weight 
reduction was reported explicitly, whether intentional or unin-
tentional. The weight reduction was required to be the only 
difference in terms of intervention from the defined control 
group. Two reviewers (SMN supported by EMB) assessed the 

records. Disagreements were resolved by consensus or by discus-
sion with a third reviewer (RC).

Data extraction and management
Two reviewers (SMN supported by RC) extracted the data. 
Prespecified outcomes included essential outcome domains for 
chronic gout33 34: (1) joint pain; (2) tophus/tophi; (3) physical 
function; (4) health-related quality of life (HRQoL); (5) sUA 
change; (6) Achieving sUA target (ie, sUA reduction to  <360 
μmol/L (6 mg/dL)); (7) serious adverse events (SAEs, defined as 
adverse events that are fatal, life-threatening or require hospital-
isation); (8) withdrawals due to adverse events (WDdtAEs); (9) 
patient global assessment; (10) wody weight change;  and (11) 
gout attacks (any measure).

Assessment of risk of bias in included studies (internal 
validity)
Two reviewers (SMN supported by RC) assessed risk of bias 
using the tool Risk of Bias In Non-Randomised Studies of Inter-
ventions35 36 for evaluation of the risk of bias in non-randomised 
studies comparing health effects of two or more interventions. 

Figure 1  PRISMA flow diagram. Modified from Moher et al.75 pts, patients.
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Post hoc, we decided to also use this tool for assessing studies 
with only one study group, by assuming that a virtual  control 
group not receiving any intervention and experiencing no effect 
on any outcome was available, and for assessing RCTs, making 
comparisons possible. We resolved disagreements by discussion.

Important confounders of interest and cointerventions 
possibly affecting the effect of weight loss were not specified 
at protocol stage but prior to the risk of bias assessment (online 
supplementary text S2).

Reporting bias in individual studies was further investigated 
by comparing the constructed outcome reporting matrix,37 with 
the protocols (if available).

Statistical analyses and evidence synthesis
None of our planned meta-analyses were conducted due to indis-
putable clinical heterogeneity in study characteristics (PICOTs). 
Instead it was decided post hoc that data for each study would 
be presented for all time points in a summary of findings table 
and the latest time point as changes from baseline would be 
summarised for each study in a summary of findings and GRADE 
evidence profile table. Based on the tables, we qualitatively 
considered the impact of follow-up time, that is, short-term (<3 
months), medium (3–12 months) and long-term (>12 months), 
acute versus chronic gout, presence versus absence of concur-
rent urate-lowering medication use, presence versus absence of 
tophi, the dose–response phenomena of weight loss in magni-
tude and intensity (ie, magnitude over time) and the impact of 
bias. A graph showing the relationship between weight loss and 
sUA was constructed post hoc.

Dealing with missing data
Where data were missing or incomplete, we searched for infor-
mation from the study authors and from additional records for 
the study. No imputations were carried out for patients lost at 
follow-up. Missing body weights were estimated from BMI, 
assuming a height of 1.70 m. Missing SDs were calculated from 
other statistics such as standard errors, or estimated from other 
studies investigating gout patients; for sUA, we used a SD for 
change from baseline of 137 μmol/L.

Assessing the quality of the evidence
We assessed the quality of the evidence with the GRADE 
approach,38 starting at low quality of evidence, since the evidence 
was primarily based on observational studies and subsequently 
down-rated or up-rated the evidence.

Results
Study selection
We identified 3991 records after removal of duplicates, 
forwarding 456 for full-text assessments after screening 
(figure 1). After excluding 442 records (see online supplemen-
tary text S3), we identified 14 records describing 10 studies for 
inclusion in the systematic review.27–29 39–49

During the study selection and data extraction, authors of 18 
studies27–29 40 43–46 49–58 were contacted; three responded27 44 45 
and provided additional information, including unpublished data 
for Perez-Ruiz et al.45

Study characteristics
The studies were comprised of one RCT49 and nine non-ran-
domised studies (table 1). Gout patients were a subgroup in three 
of the studies,27 29 44 of which one study initially only included 
non-gout patients but did a subanalysis on recurrent gout attacks 

for those who developed gout during follow-up.44 The studies 
included between 12 and 408 gout patients, including 0%–75% 
females. The average age and BMI ranged from 49 to 63.3 
years, and 26.0 to 49.6 kg/m2, respectively. Case definitions of 
gout included the use of the 1977 ACR criteria in one study,42 
diagnosis confirmed by detecting crystals in three studies,28 40 45 
asking ‘Have you been told by your physician that you have 
gout?’ in two studies,29 44 medical history and documentation 
of previous gout attacks in one study,43 documented episode(s) 
or evidence of medication use in one study,46 or not specified 
in two studies41 49 (online supplementary table S1). Comor-
bidities selected in the studies, besides overweight, included 
type 2 diabetes,27 hypertension41 and a high cardiovascular risk 
profile.29 44

Interventions included intentional weight loss from dietary 
changes with or without increased physical activity,27 28 bariatric 
surgery27 43 46 and unintentional weight loss from high protein 
diet,49 diuretics41 and metformin.40 Three studies29 44 45 stratified 
according to weight or BMI reduction, using no reduction as 
control. Four studies had no control group.27 28 40 43 Follow-up 
ranged from 4 weeks to 7 years, and a mean weight loss of 
3–34 kg at latest follow-up was reported.

Effect of weight loss
No data were available for joint pain, HRQoL or patient global 
assessment (outcome matrix: online supplementary table S2). 
One study45 provided data on tophi, reporting none for both 
groups at baseline and follow-up, and one study27 provided data 
on physical function measured by Short Form-36 physical func-
tioning domain, reporting diminished function with the values 
43.3 (SD 21.8), 24.6 (SD 28.2), 10.8 (SD 12.8) at baseline, 6 
months and 1.5 years, respectively. One study40 reported four 
WDdtAEs from metformin, and one study27 did not report any 
SAEs in gout patients. On sUA, achieving sUA target and gout 
attacks, eight, five, and eight studies provided data, respectively 
(table 2).

The effect on mean sUA ranged from −168 μmol/L to 30 
μmol/L (−2.8 mg/dL to 0.5 mg/dL) at latest follow-up (table 3). 
Studies with the largest (and fastest) weight loss showed in 
general the largest decrease (figure  2).27 28 46 Furthermore, a 
dose–response relationship was shown by Zhu et al29 with a 
weight loss of ≥10 kg being associated with a change in sUA of 
−37 μmol/L. It should be noted that non-gout and non-over-
weight patients were included in their analysis as well. At short 
term, Dalbeth et al (part 2)27 reported an immediate postoper-
ative mean sUA of 510 (SD 130) μmol/L, that is, an increase of 
70 μmol/L from bariatric surgery, and at latest follow-up, sUA 
had dropped to 330 (SD 90) μmol/L. In that period, three out 
of seven patients terminated urate-lowering medication, that is, 
the decrease may truly be larger. Three studies showed no effect 
on sUA; Perez-Ruiz et al45 and Dalbeth et al (part 1),27 both 
with a concurrent decrease in urate-lowering medication, and 
Brandstetter et al,41 where the weight loss may partly be due 
to diuretics and hence truly lower. Barskova et al40 showed a 
decrease in sUA from a weight loss of only 3 kg. However, the 
use of metformin can have affected the results.

The proportion achieving sUA target (<360 μmol/L) ranged 
from 0% to 60% reduction in patients with raised sUA. Further-
more, a dose–response relationship was shown by Zhu et al29 
with approximately three times higher odds of achieving sUA 
target with loss of ≥10 kg body weight during 7 years compared 
with not losing weight. It should be noted that non-overweight 
gout patients were included in their analysis as well. The 0% and 
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1% reduction in patients with raised sUA reported by Dalbeth 
et al (part 1)27 and Perez-Ruiz et al,45 respectively, are consis-
tent with no change in sUA. Furthermore, achieving sUA target 
reported by Dessein et al28 may be overestimated due to using a 
higher sUA cut-off of 510 μmol/L.

All studies, except two,27 43 with data on gout attacks, showed a 
beneficial effect, and Dessein et al28 reported 71% fewer attacks. 
Furthermore, a dose–response relationship was shown by Nguyen 
et al.44 It should be noted that non-overweight patients were 
included in their analysis as well. Dalbeth et al (part 2)27 reported 
an increase from zero patients experiencing  ≥1 attack during 
6 months to three patients during 12 months. This is possibly 
due to including the immediate postoperative phase where 
attacks could be a consequence of the increased sUA. Likewise,  
Romero-Talamás et al46 report a possible increase from 24% expe-
riencing ≥1 attack during 1 year at baseline to 18% during 1 month 
at 1-month follow-up, and a subsequently decrease to 8% during 
1 year at last follow-up.

Only one study40 included patients with tophi at baseline, 
therefore the impact on tophi could not be assessed.

Risk of bias assessment
The most frequent risk of bias was ‘Bias due to confounding’, 
with four studies rated critical due to studying one group without 
adjustment for confounders.28 40 42 43 Five studies were rated serious 
(figure 3), and only the RCT49 was rated low risk of bias. All studies 
were rated serious risk for ‘Bias due to departures from intended 
interventions’ (see possible confounders and cointerventions in 
online supplementary table S3). Reporting bias was suspected 
for two studies reporting change in BMI instead of change in 
weight.40 46 Protocols were only found for two substudies29 44 
of one main study39 47 and three studies reported no published 
protocol.27 44 45

Quality of the evidence using GRADE
For a beneficial effect of weight loss at medium-term/long-term 
follow-up, we evaluated the overall quality of evidence to be low 
for sUA, moderate for achieving sUA target and low for gout attacks.

Discussion
Overall, we found low to moderate quality of evidence for 
beneficial effects of weight loss for overweight gout patients in 
terms of sUA, achieving sUA target and gout attacks. No or few 
data were available on our remaining prespecified outcomes. 
We did not find evidence for the optimal magnitude and inten-
sity of weight loss. However, our data suggest that a weight 
loss of >7 kg and/or >2 kg per week from either surgery or diet 
results in a beneficial effect on sUA at medium-term/long-term 
follow-up based on three studies27 28 46 and that weight loss 
of >3.5 kg showed beneficial effects on gout attacks at medi-
um-term/long-term follow-up based on six studies.27 28 40 45 46 49 
However, with the present quality of evidence, further research 
may change these findings. WDdtAEs and SAEs were poorly 
reported. At short term, weight loss from bariatric surgery 
showed temporarily increased sUA levels and gout attacks, 
that is, a harmful effect, in the immediate postoperative period 
based on two studies.27 46

It is well known that there is a higher risk of gout attacks 
during the first months of urate-lowering therapy, postsurgery 
and starvation.59 One hypothesis is that dramatic changes in 
sUA, rather than absolute level, triggers gout attacks.60 In line 
with this, a study61 comparing gout patients experiencing post-
operative gout attacks with those who did not, find that the first 
group had higher presurgical sUA and a more rapid and larger 
decrease in sUA 3 days after surgery. Dalbeth et al27 reported a 
drastic increase 2 weeks after surgery, which they suggested was 
due to renal dysfunction associated with major surgery, or meta-
bolic effects from fasting or rapid weight loss (catabolic state), 

Figure 2  Relationship between weight loss and serum uric acid at latest follow-up. Estimates are shown with 95% confidence intervals. sUA, serum 
uric acid.
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and they report one case of postoperative gout attack together 
with severe hyperuricaemia. Other factors increasing sUA levels 
are fasting,62–64 dehydration65 and tissue hypoxia.66 Fasting-as-
sociated increase in sUA is likely due to tissue breakdown.67 68 In 
line with this, daytime fasting during Ramadan, without weight 

loss, compared with non-fasting did not increase sUA or gout 
attacks in gout patients.69

Increased sUA seems to be related to decreased estimated 
glomerular filtration rate (eGFR).70 71 This is probably related 
to sUA affecting blood pressure,72 which may be caused by 

Figure 3  Risk of bias summary figure. Similar outcomes has been put together in the figure but has been assessed separately. *Multiple 
publications existed. A primary publication was chosen. †Potentially serious risk of bias, since physical function was not reported in the article, but 
assessed low since data were provided from the author through email contact. BMI, body mass index; sUA, serum uric acid.
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increased vascular stiffness.73 74 Reducing sUA may therefore 
have beneficial effect on susceptibility towards cardiovascular 
disease and diminished renal function.

In our study, we lacked evidence for many prespecified 
outcomes important to patients. Serum uric acid was among 
the most frequently reported outcomes and is recommended 
as a treatment target,15–19 21–23 since elevated sUA is consid-
ered to cause the disease. Gout attacks in this study is not 
well defined and was reported in various ways and over 
various follow-up times. Therefore, stating fewer gout attacks 
following weight loss is not very specific and not necessarily 
assessable in smaller study sizes, or when attacks were not 
systematically assessed. At least three studies27 43 45 did not 
point at reduced frequency of attacks, of which Friedman  
et al43 did not report any baseline and Perez-Ruiz et al45 did 
show less increase compared with control. Other studies 
can mask increasing number of attacks by reporting number 
of patients experiencing  ≥1 attack over various follow-ups. 
Therefore, one could consider rating the evidence for gout 
attacks further down for indirectness.

Limitations of our methods include no independent double 
study selection, data extraction or risk of bias assessment. A 
limitation of investigating weight loss per se is that weight loss 
can be a consequence of many different interventions, that 
is, cointerventions, or conditions. Hence, it was impossible 
to ensure the weight reduction to be the only difference in 
terms of intervention from the comparison group, resulting in 
the inclusion of a wide variety of study settings. This is also 
observed as for which variables have been measured longitu-
dinally. The included cohort studies stratifying according to 
weight loss may include unintentional weight loss for example, 
from illness, which is not relevant as intervention. Adding 
this to the fact that the majority of our included studies did 
not have a comparison group introducing non-controllable 
confounding, we cannot be sure that weight loss is accountable 
for all the effects observed. As a result, the implementation of 
weight loss intervention in clinical practice cannot be speci-
fied from the included studies. Taking the limitations of the 
available evidence into account, one may suggest, in order to 
address the effect of weight loss on sUA, that there currently 
is a need to perform a systematic review and meta-analysis of 
data not only for gout patients.

In conclusion, the available evidence is in favour of weight 
loss for overweight gout patients at medium-term/long-term 
follow-up on sUA, achieving sUA target and gout attacks. 
However, the evidence is of low, moderate and low quality, 
respectively. Harms were poorly reported. However, gout 
attacks might occur at short term when initiating treatment. 
We believe that there is an urgent need to initiate rigorous 
prospective studies (preferably RCTs) to provide more trust-
worthy estimates of gout-related benefits and harms including 
the effect on joint pain, tophi, physical function, HRQoL, 
adverse events and patient global assessment. Future research 
should aim at identifying the optimal magnitude and inten-
sity of weight loss, the preferred method of weight loss, 
including prevention of flare, which cointerventions result in 
a better effect, and which gout patients will benefit the most, 
for example, grouped according to type (and possibly severity) 
of overweight and comorbidities.

Author affiliations
1The Parker Institute, Bispebjerg and Frederiksberg Hospital, Copenhagen, Denmark
2Department of Physical and Occupational Therapy, Bispebjerg and Frederiksberg, 
Copenhagen, Denmark

3The Research Initiative for Activity Studies and Occupational Therapy, General 
Practice, Department of Public Health, University of Southern Denmark, Odense, 
Denmark
4Department of Nutrition, Exercise and Sports, Faculty of Science, University of 
Copenhagen, Copenhagen, Denmark
5Center for Diabetes Research, Gentofte Hospital, University of Copenhagen, 
Hellerup, Denmark
6Department of Clinical Medicine, Faculty of Health and Medical Sciences, University 
of Copenhagen, Copenhagen, Denmark
7NNF Center for Basic Metabolic Research, Faculty of Health and Medical Sciences, 
University of Copenhagen, Copenhagen, Denmark
8Institutode Salud Musculoesquelética, Madrid, Spain
9Department of Medicine, University of Otago, Wellington, New Zealand
10Department of Medicine, University of Alabama at Birmingham, & Birmingham 
Veterans Affairs Medical Center, Birmingham, Alabama, USA
11Rheumatology Division, Hospital de Cruces, Baracaldo, Spain

Acknowledgements  The authors would like to thank the Copenhagen 
University Library, Frederiksberg for their hard work in retrieving full texts from all 
over the world. In particular, we want to thank the librarian, Karen Bendix Larsen. 
We would also like to thank for assistance with translation of articles in Russian, 
Chinese and Bulgarian from Natalia Manilo, MD, Department of Rheumatology, 
Rigshospitalet Glostrup and Frederiksberg, Copenhagen, Denmark; Tao Ma, 
MD, PhD, Laboratory of Genomics and Molecular Biomedicine, Department of 
Biology, University of Copenhagen, Copenhagen, Denmark; and Nora Vladimirova, 
MD, Department of Rheumatology, Rigshospitalet Glostrup and Frederiksberg, 
Copenhagen, Denmark, respectively. Furthermore, we would like to thank 
professor Nicola Dalbeth, Department of Rheumatology, Counties Manukau 
District Health Board, Auckland, New Zealand, who responded to our data and 
information requests.

Contributors  Study concept and design: SMN, EMB, LEK and RC. Drafting of the 
manuscript: SMN, EMB and RC. Search strategy: EMB and SMN. Study selection, data 
extraction, bias assessment and synthesis: SMN, EMB and RC. Critical revision of the 
manuscript for important intellectual content and final approval before submission: 
All authors. Obtained funding: HB, LEK and RC.

Funding  The Parker Institute, Bispebjerg and Frederiksberg Hospital is supported 
by a core grant from the Oak Foundation (OCAY-13-309). This research received a 
specific grant from the will of Mrs Elise Fredriksen; the Oak Foundation had no role 
in study design or writing of this manuscript.

Competing interests  This study had no financial competing interests. The Parker 
Institute is grateful for the financial support received from public and private 
foundations, companies and private individuals over the years. The Oak Foundation 
is a group of philanthropic organisations that, since its establishment in 1983, has 
given grants to not-for-profit organisations around the world.

Patient consent  No patients were directly included in the study (only in the 
primary studies of this review).

Provenance and peer review  Not commissioned; externally peer reviewed.

Open Access  This is an Open Access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non-commercially, 
and license their derivative works on different terms, provided the original work 
is properly cited and the use is non-commercial. See: http://​creativecommons.​org/​
licenses/​by-​nc/​4.​0/

© Article author(s) (or their employer(s) unless otherwise stated in the text of the 
article) 2017. All rights reserved. No commercial use is permitted unless otherwise 
expressly granted.

References
	 1	 Smith EU, Díaz-Torné C, Perez-Ruiz F, et al. Epidemiology of gout: an update. Best 

Pract Res Clin Rheumatol 2010;24:811–27.
	 2	 Choi HK, Mount DB, Reginato AM. Pathogenesis of gout. Ann Intern Med 

2005;143:499–516.
	 3	 Smith E, Hoy D, Cross M, et al. The global burden of gout: estimates from the global 

burden of disease 2010 study. Ann Rheum Dis 2014;73:1470–6.
	 4	 Cassetta M, Gorevic PD. Crystal arthritis. Gout and pseudogout in the geriatric 

patient. Geriatrics 2004;59:25–30.
	 5	 Masseoud D, Rott K, Liu-Bryan R, et al. Overview of hyperuricaemia and gout. Curr 

Pharm Des 2005;11:4117–24.
	 6	D albeth N, Fransen J, Jansen TL, et al. New classification criteria for gout: a framework 

for progress. Rheumatology 2013;52:1748–53.
	 7	N eogi T, Jansen TL, Dalbeth N, et al. 2015 Gout classification criteria: an American 

College of Rheumatology/European League against Rheumatism collaborative 
initiative. Ann Rheum Dis 2015;74:1789–98.

	 8	R ichette P, Bardin T. Gout. Lancet 2010;375:318–28.

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2017-211472 on 2 S

eptem
ber 2017. D

ow
nloaded from

 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1016/j.berh.2010.10.004
http://dx.doi.org/10.1016/j.berh.2010.10.004
http://dx.doi.org/10.7326/0003-4819-143-7-200510040-00009
http://dx.doi.org/10.1136/annrheumdis-2013-204647
http://dx.doi.org/10.2174/138161205774913318
http://dx.doi.org/10.2174/138161205774913318
http://dx.doi.org/10.1093/rheumatology/ket154
http://dx.doi.org/10.1136/annrheumdis-2015-208237
http://dx.doi.org/10.1016/S0140-6736(09)60883-7
http://ard.bmj.com/


1881Nielsen SM, et al. Ann Rheum Dis 2017;76:1870–1882. doi:10.1136/annrheumdis-2017-211472

Clinical and epidemiological research

	 9	 Bernal JA, Quilis N, Andrés M, et al. Gout: optimizing treatment to achieve a disease 
cure. Ther Adv Chronic Dis 2016;7:135–44.

	10	 Grassi D, Pontremoli R, Bocale R, et al. Therapeutic approaches to chronic 
hyperuricemia and gout. High Blood Press Cardiovasc Prev 2014;21:243–50.

	11	 Kiltz U, Smolen J, Bardin T, et al. Treat-to-target (T2T) recommendations for gout. Ann 
Rheum Dis 2016;76:1–7.

	12	 Chu NF, Wang DJ, Liou SH, et al. Relationship between hyperuricemia and other 
cardiovascular disease risk factors among adult males in Taiwan. Eur J Epidemiol 
2000;16:13–17.

	13	 Wang H, Wang L, Xie R, et al. Association of serum uric acid with body Mass 
Index: a Cross-Sectional Study from Jiangsu Province, China. Iran J Public Health 
2014;43:1503–9.

	14	 Qaseem A, Harris RP, Forciea MA, et al. And recurrent gout: a clinical Practice 
Guideline from the American College of Physicians. Ann Intern Med 2016:1–11.

	15	R ichette P, Doherty M, Pascual E, et al. 2016 updated EULAR evidence-based 
recommendations for the management of gout. Ann Rheum Dis 2017;76:29–42.

	16	 Hamburger M, Baraf HSB, Adamson TC, et al. 2011 recommendations for 
the diagnosis and management of gout and hyperuricemia. Phys Sportsmed 
2011;39:98–123.

	17	 Jordan KM, Cameron JS, Snaith M, et al. British Society for Rheumatology and 
British Health Professionals in Rheumatology guideline for the management of gout. 
Rheumatology 2007;46:1372–4.

	18	 Khanna D, Fitzgerald JD, Khanna PP, et al. 2012 American College of Rheumatology 
guidelines for management of gout. Part 1: systematic nonpharmacologic and 
pharmacologic therapeutic approaches to hyperuricemia. Arthritis Care Res 
2012;64:1431–46.

	19	 Manara M, Bortoluzzi A, Favero M, et al. Italian society of rheumatology 
recommendations for the management of gout. Reumatismo 2013;65:4–21.

	20	R omeijnders AC, Gorter KJ. [Summary of the Dutch College of General Practitioners’ 
“Gout” Standard]. Ned Tijdschr Geneeskd 2002;146:309–13.

	21	 Sivera F, Andrés M, Carmona L, et al. Multinational evidence-based recommendations 
for the diagnosis and management of gout: integrating systematic literature review 
and expert opinion of a broad panel of rheumatologists in the 3e initiative. Ann 
Rheum Dis 2014;73:328–35.

	22	 Yamanaka H. Japanese guideline for the management of hyperuricemia and gout: 
second edition. Nucleosides Nucleotides Nucleic Acids 2011;30:1018–29.

	23	 Zhang W, Doherty M, Bardin T, et al. EULAR evidence based recommendations for 
gout. Part II: Management. Report of a task force of the EULAR Standing Committee 
for International Clinical Studies Including Therapeutics (ESCISIT). Ann Rheum Dis 
2006;65:1312–24.

	24	 Maglio C, Peltonen M, Neovius M, et al. Effects of bariatric surgery on gout incidence 
in the Swedish Obese Subjects study: a non-randomised, prospective, controlled 
intervention trial. Ann Rheum Dis 2016;76:1.

	25	T sunoda S, Kamide K, Minami J, et al. Decreases in serum uric acid by amelioration of 
insulin resistance in overweight hypertensive patients: effect of a low-energy diet and 
an insulin-sensitizing agent. Am J Hypertens 2002;15:697–701.

	26	R ichette P, Poitou C, Manivet P, et al. Weight loss, Xanthine Oxidase, and serum 
urate levels: a Prospective Longitudinal Study of Obese Patients. Arthritis Care Res 
2016;68:1036–42.

	27	D albeth N, Chen P, White M, et al. Impact of bariatric surgery on serum urate targets 
in people with morbid obesity and diabetes: a prospective longitudinal study. Ann 
Rheum Dis 2014;73:797–802.

	28	D essein PH, Shipton EA, Stanwix AE, et al. Beneficial effects of weight loss associated 
with moderate calorie/carbohydrate restriction, and increased proportional intake 
of protein and unsaturated fat on serum urate and lipoprotein levels in gout: a pilot 
study. Ann Rheum Dis 2000;59:539–43.

	29	 Zhu Y, Zhang Y, Choi HK. The serum urate-lowering impact of weight loss among 
men with a high cardiovascular risk profile: the multiple risk factor intervention trial. 
Rheumatology 2010;49:2391–9.

	30	 Shamseer L, Moher D, Clarke M, et al. Preferred reporting items for systematic review 
and meta-analysis protocols (PRISMA-P) 2015: elaboration and explanation. BMJ 
2015;349:g7647.

	31	 WHO. BMI classification. WHO Globalglobal Databasedatabase on Body Mass 
Index. http://​apps.​who.​int/​bmi/​index.​jsp?​introPage=​intro_​3.​html (accessed 22 Mar 
2016).

	32	 Wallace SL, Robinson H, Masi AT, et al. Preliminary criteria for the classification of the 
acute arthritis of primary gout. Arthritis Rheum 1977;20:895–900.

	33	 Schumacher HR, Taylor W, Edwards L, et al. Outcome domains for studies of acute and 
chronic gout. J Rheumatol 2009;36:2342–5.

	34	 Singh JA, Taylor WJ, Simon LS, et al. Patient-reported outcomes in chronic gout: a 
report from OMERACT 10. J Rheumatol 2011;38:1452–7.

	35	 Sterne JA, Hernán MA, Reeves BC, et al. ROBINS-I: a tool for assessing risk of bias in 
non-randomised studies of interventions. BMJ 2016;355:i4919.

	36	 Sterne JAC, Higgins JPT, Reeves BC. On behalf of the development group for 
ACROBAT- NRSI. A cochrane risk Of bias assessment tool: for non-randomized studies 
of interventions. 2014 http://www.​riskofbias.​info

	37	D wan K, Gamble C, Kolamunnage-Dona R, et al. Assessing the potential for outcome 
reporting bias in a review: a tutorial. Trials 2010;11:52.

	38	 Guyatt GH, Oxman AD, Vist GE, et al. GRADE: an emerging consensus on rating 
quality of evidence and strength of recommendations. BMJ 2008;336:924–6.

	39	  Multiple risk factor intervention Trial Research Group. Multiple risk factor intervention 
trial. risk factor changes and mortality results. JAMA 1982;248:1465–77.

	40	 Barskova VG, Eliseev MS, Kudaeva FM, et al. Effect of metformin on the clinical course 
of gout and insulin resistance [title translated from russian]. Klin Med 2009;87:41–6.

	41	 Brandstetter G, Hoffmann H, Maderbacher H, et al. Urikosurische Wirkung eines 
Neuen Betarezeptorenblocker-Diuretikum-Kombinationspräparates. Acta Med 
Austriaca 1986;13:29–37.

	42	D albeth N, Chen P, White M, et al. Impact of bariatric surgery on serum urate targets 
in people with morbid obesity and diabetes: a prospective longitudinal study. Ann 
Rheum Dis 2014;73:797–802.

	43	 Friedman JE, Dallal RM, Lord JL. Gouty attacks occur frequently in postoperative 
gastric bypass patients. Surg Obes Relat Dis 2008;4:11–13.

	44	N guyen UD, Zhang Y, Louie-Gao Q, et al. Obesity obesity paradox in recurrent 
attacks of gout in observational studies: clarification and remedy. Arthritis Care Res 
2017;69:561-566.

	45	P erez-Ruiz F, Herrero-Beites AM, Carmona L. A two-stage approach to the 
treatment of hyperuricemia in gout: the “dirty dish” hypothesis. Arthritis Rheum 
2011;63:4002–6.

	46	R omero-Talamás H, Daigle CR, Aminian A, et al. The effect of bariatric surgery on 
gout: a comparative study. Surg Obes Relat Dis 2014;10:1161–5.

	47	 Sherwin R, Kaelber CT, Kezdi P, et al. The multiple risk factor intervention trial (MRFIT) 
II. The development of the protocol. Prev Med 1981;10:402–25.

	48	T erkeltaub R. Syndrome X and gout: benefits of altered diet. Curr Rheumatol Rep 
2001;3:9–10.

	49	 Zeng YC, Huang SF, GP M, et al. Effects of adjusted proportional macronutrient intake 
on serumuric acid, blood lipids, renal function, and outcome of patients with gout and 
overweight[translated from Chinese]. Chinese J Clin Nut 2012;20:210–4.

	50	 Eliseev MS, Barskova VG, Denisov IS. [Time course of changes in the clinical 
manifestations of gout in men: data of a 7-year retrospective follow-up]. Ter Arkh 
2015;87:10–15.

	51	 Se En AO. Efficacy and safety of restrictive bariatric procedure in class I obesity 
population. Obes Surg 2013;23:843.

	52	 Kreider R, Oliver JM, Kresta JY, et al. Effects of diet type during an exercise and weight 
loss program on markers of metabolic syndrome in women with elevated uric acid 
levels. Faseb J 2011:25.

	53	 Lu N, Shai I, Zhang Y, et al. High-protein diet (Atkins Diet) and uric acid response. 
Arthritis and rheumatism 2014;66:S71–2.

	54	 Masuo K, Kawaguchi H, Mikami H, et al. Changes in serum uric acid, sympathetic 
activity, plasma insulin, and blood pressure levels during weight loss. J Hypertens 
2003;21:S328–9.

	55	 Masuo K, Lambert GW. Effects of weight loss on serum uric acid concentrations. 
Circulation 2013;127:1.

	56	T inahones FJ, Soriguer FJ, Collantes E, et al. Decreased triglyceride levels with 
low calorie diet and increased renal excretion of uric acid in hyperuricaemic-
hyperlipidaemic patients. Ann Rheum Dis 1995;54:609–10.

	57	D epartment of Molecular, Endocrinology Metabolism, Graduate School of Medical 
Dental Sciences Tokyo, Medical Dental, University. Effect of febuxostat on vascular 
endothelial function in patients with hyperuricemia. in: umin clinical trials registry 
(UMIN-CTR) [Internet]. 1989 https://​upload.​umin.​ac.​jp/​cgi-​open-​bin/​ctr/​ctr.​cgi?​
function=​brows&​action=​brows&​type=​summary&​language=​E&​recptno=​R000010441 
(accessed 26 apr 2016).

	58	 Iwatani M. Diet therapy for management of hyperuricemia and gout [title translated 
from Japanese]. Nippon Rinsho 2003;61(Suppl 1):184–92.

	59	R ichette P, Bardin T. Purine-rich foods: an innocent bystander of gout attacks? Ann 
Rheum Dis 2012;71:1435–6.

	60	T erkeltaub R. Pathogenesis of Monosodium Urate Crystal-Induced Inflammation. 
In: Gresser U, Zöllner N, eds. Urate deposition in man and its clinical consequences. 
Berlin, Heidelberg: springer Berlin Heidelberg, 1991:97–106.

	61	 Kang EH, Lee EY, Lee YJ, et al. Clinical features and risk factors of postsurgical gout. 
Ann Rheum Dis 2008;67:1271–5.

	62	O gryzlo MA. Hyperuricemia induced by high fat diets and starvation. Arthritis Rheum 
1965;8:799–822.

	63	 Maclachlan MJ, Rodnan GP. Effect of food, fast and alcohol on serum uric acid and 
acute attacks of gout. Am J Med 1967;42:38–57.

	64	D renick EJ, Hyperuricemia DEJ. Hyperuricemia, acute gout, renal insufficiency and 
urate nephrolithiasis due to starvation. Arthritis Rheum 1965;8:988–97.

	65	 Feinstein EI, Quion-Verde H, Kaptein EM, et al. Severe hyperuricemia in patients with 
volume depletion. Am J Nephrol 1984;4:77–80.

	66	 Woolliscroft JO, Colfer H, Fox IH. Hyperuricemia in acute illness: a poor prognostic 
sign. Am J Med 1982;72:58–62.

	67	 de Oliveira EP, Burini RC. High plasma uric acid concentration: causes and 
consequences. Diabetol Metab Syndr 2012;4:12.

	68	R ock KL, Kataoka H, Lai JJ. Uric acid as a danger signal in gout and its comorbidities. 
Nat Rev Rheumatol 2013;9:13–23.

	69	 Habib G, Badarny S, Khreish M, et al. The impact of Ramadan fast on patients with 
gout. J Clin Rheumatol 2014;20:353–6.

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2017-211472 on 2 S

eptem
ber 2017. D

ow
nloaded from

 

http://dx.doi.org/10.1177/2040622315618393
http://dx.doi.org/10.1007/s40292-014-0051-6
http://dx.doi.org/10.1136/annrheumdis-2016-209467
http://dx.doi.org/10.1136/annrheumdis-2016-209467
http://dx.doi.org/10.1023/A:1007654507054
http://dx.doi.org/10.1136/annrheumdis-2016-209707
http://dx.doi.org/10.3810/psm.2011.11.1946
http://dx.doi.org/10.1093/rheumatology/kem056a
http://dx.doi.org/10.1002/acr.21772
http://dx.doi.org/10.4081/reumatismo.2013.4
http://dx.doi.org/10.1136/annrheumdis-2013-203325
http://dx.doi.org/10.1136/annrheumdis-2013-203325
http://dx.doi.org/10.1080/15257770.2011.596496
http://dx.doi.org/10.1136/ard.2006.055269
http://dx.doi.org/10.1136/annrheumdis-2016-209958
http://dx.doi.org/10.1016/S0895-7061(02)02953-9
http://dx.doi.org/10.1002/acr.22798
http://dx.doi.org/10.1136/annrheumdis-2013-203970
http://dx.doi.org/10.1136/annrheumdis-2013-203970
http://dx.doi.org/10.1136/ard.59.7.539
http://dx.doi.org/10.1093/rheumatology/keq256
http://dx.doi.org/10.1136/bmj.g7647
http://apps.who.int/bmi/index.jsp?introPage=intro_3.html
http://dx.doi.org/10.1002/art.1780200320
http://dx.doi.org/10.3899/jrheum.090370
http://dx.doi.org/10.3899/jrheum.110271
http://dx.doi.org/10.1136/bmj.i4919
http://www.riskofbias.info
http://dx.doi.org/10.1186/1745-6215-11-52
http://dx.doi.org/10.1136/bmj.39489.470347.AD
http://dx.doi.org/10.1136/annrheumdis-2013-203970
http://dx.doi.org/10.1136/annrheumdis-2013-203970
http://dx.doi.org/10.1016/j.soard.2007.09.012
http://dx.doi.org/10.1002/acr.22954
http://dx.doi.org/10.1002/art.30649
http://dx.doi.org/10.1016/j.soard.2014.02.025
http://dx.doi.org/10.1007/s11926-001-0044-z
http://dx.doi.org/10.3760/cma.j.issn.1674-635X.2012.04.004
http://dx.doi.org/10.17116/terarkh201587510-15
http://dx.doi.org/10.1136/ard.54.7.609
https://upload.umin.ac.jp/cgi-open-bin/ctr/ctr.cgi?function=brows&action=brows&type=summary&language=E&recptno=R000010441
https://upload.umin.ac.jp/cgi-open-bin/ctr/ctr.cgi?function=brows&action=brows&type=summary&language=E&recptno=R000010441
http://dx.doi.org/10.1136/annrheumdis-2012-201838
http://dx.doi.org/10.1136/annrheumdis-2012-201838
http://dx.doi.org/10.1136/ard.2007.078683
http://dx.doi.org/10.1002/art.1780080443
http://dx.doi.org/10.1016/0002-9343(67)90005-8
http://dx.doi.org/10.1002/art.1780080509
http://dx.doi.org/10.1159/000166781
http://dx.doi.org/10.1016/0002-9343(82)90578-2
http://dx.doi.org/10.1186/1758-5996-4-12
http://dx.doi.org/10.1038/nrrheum.2012.143
http://dx.doi.org/10.1097/RHU.0000000000000172
http://ard.bmj.com/


1882 Nielsen SM, et al. Ann Rheum Dis 2017;76:1870–1882. doi:10.1136/annrheumdis-2017-211472

Clinical and epidemiological research

	70	 Koratala A, Singhania G, Alquadan KF, et al. Serum uric acid exhibits inverse 
relationship with estimated glomerular Filtration Rate. Nephron 2016;134:231–7.

	71	 Kuwabara M, Bjornstad P, Hisatome I, et al. Elevated serum uric acid Level predicts 
rapid decline in kidney function. Am J Nephrol 2017;45:330–7.

	72	 Sidoti A, Nigrelli S, Rosati A, et al. Body mass index, fat free mass, uric acid, and 
renal function as blood pressure levels determinants in young adults. Nephrology 
2017;22:279–85.

	73	 Kuwabara M, Niwa K, Hisatome I, et al. Asymptomatic hyperuricemia without 
comorbidities predicts cardiometabolic diseases: five-year japanese cohort study. 
Hypertension 2017;69.

	74	 Mehta T, Nuccio E, McFann K, et al. Association of Uric Acid with vascular stiffness in 
the Framingham Heart Study. Am J Hypertens 2015;28:877–83.

	75	 Moher D, Liberati A, Tetzlaff J, et al. Preferred reporting items for systematic reviews 
and meta-analyses: the PRISMA statement. Ann Intern Med 2009;151:264–9w64.

 on A
pril 9, 2024 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2017-211472 on 2 S

eptem
ber 2017. D

ow
nloaded from

 

http://dx.doi.org/10.1159/000448629
http://dx.doi.org/10.1159/000464260
http://dx.doi.org/10.1111/nep.12763
http://dx.doi.org/10.1161/HYPERTENSIONAHA.116.08998
http://dx.doi.org/10.1093/ajh/hpu253
http://dx.doi.org/10.7326/0003-4819-151-4-200908180-00135
http://ard.bmj.com/

