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ABSTRACT
Objectives: Historically, the nature of association
between chronic kidney disease (CKD) and gouty
arthritis has been unclear. The goal of the present
study was to test the hypothesis that CKD is an
independent risk factor for developing incident gout.
Design: Patients were from the original Framingham
Heart Study cohort. Using Cox proportional hazard
models we estimated the HR of CKD to incident gout
among men and women separately after adjusting for
age, alcohol consumption, smoking, hypertension,
diabetes and body mass index.
Settings: Patients were all from Framingham,
Massachusetts, USA.
Participants: Excluding patients who had CKD in the
first visit from this study, 2159 men and 2558 women
were selected covering a 54-year period (1948–2002).
Results: There were 371 incident cases (231 men and
140 women) of gout over the follow-up of 140 421
person-years. Incidence rates of gout per 1000 person-
years for participants with and without CKD were 6.82
(95% CI 5.10 to 9.10) and 2.43 (2.18 to 2.71),
respectively. In multivariable Cox models, CKD was
associated with gout, with a HR of 1.88 (1.13 to 3.13)
among men and 2.31 (1.25 to 4.24) among women.
Additional analyses using alternate definitions for CKD
and cross-sectional study did not change the results.
Sensitivity analysis suggested that the observed
findings might be an underestimate of the true relative
risk.
Conclusions: The present study provides
epidemiological evidence to support the notion that
CKD is a risk factor for gout.

INTRODUCTION
Gout or gouty arthritis is a common and
painful inflammatory arthritis characterised
by deposition of monosodium urate crystals
in joint fluid and articular tissue.1 Gout
affected over 7.5 million Americans during
2009–2010,2 3 including 1.25 million men
and 0.78 million women with moderate or
severe renal impairment.3 The probability of

gout can arise depending not only on urate
load but also on other risk factors1 such as
older age, obesity, male sex, female meno-
pause, hyperuricaemia, hypertension,
chronic kidney disease (CKD), excessive
purine-rich diet and excessive alcohol
consumption.4 5

Urate, a byproduct of purine catabolism, is
primarily excreted by the kidneys through an
active, energy-dependent process. Any
impairment in renal urate clearance first
leads to compensatory increase in gastro-
intestinal tract urate clearance. When gastro-
intestinal urate clearance is insufficient to
maintain total body urate excretion, serum
urate then increases, thereby increasing the
risk for gout.6 7 Furthermore, it is possible
that kidney disease can lead to gout through
mechanisms other than hyperuricaemia, as
variations in serum urate are insufficient to
explain most of the risk associated with
CKD.8 Yet, there have been relatively few pro-
spective studies examining the CKD–gout
link. Most studies examined the prevalence
and incidence of CKD among gout cases or
the incidence among those with end-stage
renal disease.3 8–14 Recently, we published
data from the Multiple Risk Factor

Strengths and limitations of this study

▪ Chronic kidney disease (CKD) is an independent
risk factor for incident gout.

▪ The association of CKD to gout is more remark-
able in men than that in women.

▪ Sensitivity analysis suggested that the associ-
ation between CKD and incident gout can be
stronger than our observations.

▪ Limitations of this study include the fact that
serum uric acid levels in the original
Framingham Heart Study cohort were not con-
sistently measured; the definitions of gout and
CKD both included self-reported data.
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Intervention Trial (MRFIT), which showed that among
middle aged men, reduced glomerular filtration rate as
well as urinary abnormalities were risk factors for gout
independent of serum urate concentrations.15 However,
the MRFIT was of relatively short duration and included
only men with high prevalence of metabolic syndrome.
The goal of the present study was to assess the role of
CKD as an independent risk factor for developing inci-
dent gout among men and women in a community-
based cohort over longer periods of follow-up.

METHODS
Study population and observation period
We conducted a cohort study on the original
Framingham Heart Study (FHS) cohort, using the
limited-access data obtained from the National Heart,
Lung, and Blood Institute (NHLBI). The FHS is an
ongoing longitudinal study of 5209 men and women
from the town of Framingham, Massachusetts, who were
29–62 years old at the time of recruitment in 1948.
Participants have been followed up biennially. At each
study, examination data from detailed medical history,
physical examination and laboratory tests were collected.
Additional details of the FHS cohort are described else-
where.16 We limited our analyses to 2159 men and 2558
women, who were free of both gout and CKD at their
first assessment. We used the data for 26 study examina-
tions (1–26) during a 54-year period (1948–2002).

Ascertainment of gout, CKD and covariates
For the primary analyses, we excluded patients with a
diagnosis of CKD or gout at the baseline visit.
Unless specified otherwise, all the definitions were

based on the original FHS protocols. Specifically, gout
(the outcome) was defined as the presence of any of the
following: FHS study physician-diagnosed gout, usage of
any gout medication (allopurinol, probenecid and col-
chicine), self-reported gout or presence of individual
gout history, or radiographic changes suggestive of gouty
arthritis. FHS study physician-diagnosed gout was identi-
fied according to the following criteria: if the participant
had experienced acute joint pain, accompanied by swel-
ling and heat, lasting from a few days to 2 weeks, and fol-
lowed by complete remission of symptoms.17 Renal
function was assessed by serum creatinine measurement
and calculation of estimated glomerular filtration rate
(eGFR) according to the abbreviated equation in modifi-
cation of diet in renal disease (MDRD) study:
GFR=186.3×(serum creatinine)−1.154×age−0.203×(0.742
for women).18 Owing to the large amount of missing
values on creatinine level, calculations of eGFR were
available only in five visits and could not be a global cri-
teria for defining CKD as the main exposure. Therefore,
CKD was defined as FHS physician-diagnosed CKD or
presence of CKD by self-report. To test the validity of
this case definition, we checked the creatinine level
against CKD diagnostic in the visits where both had

available data (visits 15, 25, 26). The mean (with SD)
value of creatinine (mg/dL) for patients with CKD was
1.59 (1.04) versus patients without CKD 1.25 (0.27) in
men (p<0.001) and 1.29 (0.64) vs 1.08 (0.26) in women
(p<0.001). This corresponds to an estimated glomerular
filtration rate (eGFR, in mL/min/1.73 m2) 59.17
(SD=26.75) vs 64.54 (SD=19.40) in men (p=0.004) and
52.56 (22.15) vs 57.23 (18.53) in women (p=0.008). The
eGFRs suggest that the definition of CKD in this study
was similar to a number of other studies.19–21

Hypertension was defined as occurrence of any of the
following: systolic blood pressure ≥140 mm Hg, diastolic
blood pressure ≥90 mm Hg or current use of antihyper-
tensive medications.22 Alcohol consumption and
smoking were derived from self-report, defined as any
usage of any alcohol and any tobacco, respectively.
Patients’ sex, age, body mass index (BMI), serum urate
(serum uric acid, SUA) level and plasma lipid concentra-
tion were obtained from Framingham raw data. Diabetes
was defined according to FHS official review. Specifically,
diabetes was deemed to be present if a patient’s blood
glucose level was above 200 mg/dL, or if a patient was
currently under treatment for diabetes.23 SUA was mea-
sured only at examination numbers 1, 2, 3, 4 and 13. As
SUA values may vary based on development of CKD, as
explained in the introduction, use of imputed values of
SUA was not deemed suitable for the objective of this
study and hence not included in the primary analysis.

Statistical analysis
Any individual classified as having gout, kidney disease,
diabetes or hypertension, was assumed to have the diag-
nosis throughout the remaining part of follow-up. Sex,
alcohol consumption, smoking, diabetes and hyperten-
sion were analysed as dichotomous variables. Age, BMI,
plasma lipid concentration and SUA level were analysed
as continuous variables. The key independent variable
was presence or absence of CKD.
Primary analyses were performed using time-to-event

Kaplan-Meier methods for incident gout. Here, the
observation for participants in the CKD group started
from the date of the visit when the CKD was incident
and ended at the date of incident gout, last study visit,
or death, whichever was the earliest. Accordingly, these
analyses excluded those participants who had a diagno-
sis of CKD or gout at the first study visit. For the
non-CKD group, the observation time was computed
from the baseline visit to the earliest of: date of incident
gout, last study visit, death or incidence of CKD.
We calculated incident rates (per 1000 person-years)

for CKD and non-CKD groups, stratified by gender. We
also used Cox proportional hazards model with time-
varying covariates to estimate the HR of incident gout
associated with CKD. In these regressions, the time-
varying covariates such as age and BMI were updated at
each observation. Men and women were analysed separ-
ately prior to combining their data. Variables not signifi-
cant in bi-variable models (eg, plasma lipids) were
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excluded in the multivariable models. Multivariable
models were adjusted for the following known risk
factors in a time-dependent manner: sex, age, BMI,
alcohol consumption, smoking, diabetes and hyperten-
sion, plus an option of with or without SUA.
In the primary analyses, we examined the risk for inci-

dent gout in relationship to incident CKD; additional
analyses included those participants with CKD at base-
line as well. Moreover, the statistical role of SUA on the
CKD–gout association was cross-sectionally examined
employing logistic regression models using data from
visit 4 as SUA was not consistently measured in all the
study visits.
We performed probabilistic sensitivity tests24 to

examine the impact of potential misclassification of
gout, selection bias and unmeasured confounding
factors. We set the assumptions of misclassifications to
range from 10% to 70%, relative risk of unmeasured
confounders to range from 0.3 to 4.2 and selection bias
parameter 0.6–3.0, and simulated 20 000 replications.
After the analysis, frequency distribution of bias, error
adjusted ORs and changes in the magnitude adjusted
ORs (in response to changes in magnitude and direc-
tion of bias) were examined.
All p values were two sided. All statistical analyses were

conducted using STATA (V.12.1).

RESULTS
Baseline characteristics
After the exclusion of patients with CKD at the baseline,
only the participants who were free of CKD at baseline
were considered for this analysis. The baseline character-
istics of the FHS cohort included in this study, according
to CKD status at the end of the study (instead of the
baseline), are shown in table 1. The cohort was com-
prised of 2159 men and 2558 women.

Incidence rates
A total of 464 individuals (220 men and 244 women)
developed incident CKD during the follow-up until
examination 26. For the entire cohort, there were 371

incident cases (231 men and 140 women) of gout over
the total follow-up of 140 421 person-years. The median
follow-up time was 36 years (IQR 26–47 years). The
overall incidence rate of gout was 2.64 (95% CI 2.39 to
2.93) per 1000 person-years. The rates among men and
women were 3.89 (95% CI 3.42 to 4.43) and 1.73 (95%
CI 1.46 to 2.04), respectively.

Gout incidence among participants with and without CKD
The incidence rate of gout was 6.82 (95% CI 5.10 to
9.10) per 1000 person-years among those with CKD and
2.43 (95% CI 2.18 to 2.71) among those without.
Table 2 shows the incidence rates stratified by gender.
The incidence rate in the CKD group for men was 10.24
(95% CI 7.02 to 14.93) and for women was 4.62 (95%
CI 2.95 to 7.24). There were relatively few cases of gout
in the first 20 years of follow-up. Figure 1 shows the
Kaplan-Meier failure estimates for gout.
In unadjusted Cox regression models, CKD was asso-

ciated with an increased risk of gout with an HR of 2.04
(95% CI 1.48 to 2.80). In multivariable regression
models (adjusted for age, sex, BMI, alcohol use,
smoking, hypertension and diabetes), CKD was asso-
ciated with an HR of 2.09 (95% CI 1.41 to 3.08) for inci-
dent gout overall, and was similar when men and
women were examined separately (table 3). We per-
formed a further test by adding a menopause variable to
the multivariable regression for women. However, the
HR did not change materially—from 2.31 (table 3) to
2.28 (data not shown).

Additional analyses
We performed additional analyses to assess the influence
of prevalent CKD (combined with incident CKD
altogether to be the new main exposure) on gout (the
same outcome). For this purpose, we further included
347 participants with prevalent CKD at baseline, who
were excluded from the main analyses. In these analyses
there were 399 incident cases (249 men and 150
women) of gout and the overall incidence rate of gout
was 2.64 (95% CI 2.39 to 2.91) per 1000 person-years.
There were 811 individuals (340 men and 471 women)

Table 1 Baseline characteristics of participants in the original Framingham Heart Study cohort

Baseline characteristics Overall (n=4717)* No CKD (n=4251) CKD (n=464) p Value†

Women (%) 54 54 53 0.46

Age (years) 45 45 42 <0.001

BMI (kg/m2) 25.6 25.6 25.4 0.16

Ever smokers (%) 63 64 60 0.07

Diabetes (%) 1 1 1 0.74

Hypertension (%) 40 41 31 <0.001

Total plasma cholesterol (mg/dL) 221.5 221.9 218.0 0.18

Serum urate (mg/dL) 4.3 4.3 4.3 0.85

The table is stratified by CKD status at the end of the study.
*There were two patients with missing values on CKD status throughout the study.
†p Value is for unpaired Student t test for no CKD vs CKD groups.
BMI, body mass index; CKD, chronic kidney disease.
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with CKD in general; the incidence rate of gout was 4.26
(95% CI 3.39 to 5.35) per 1000 person-years among
those with CKD in general and 2.43 (95% CI 2.18 to
2.71) among those without. The Kaplan-Meier failure
estimates for this analysis are shown in figure 2.
In unadjusted Cox regression models, CKD in general

was also associated with an increased risk of gout with an
HR of 1.47 (95% CI 1.14 to 1.90); in the multivariable
Cox models identical to those used in the main analyses,
CKD in general was associated with HR of 1.61 (95% CI
1.17 to 2.21) to incident gout (see online supplementary
table S1).
Moreover, we performed a cross-sectional analysis for

influence of SUA on the relationship between CKD and
gout. As aforementioned, since SUA data are only avail-
able in five visits (visits 1–4 and 13), we chose to perform
a logistic regression on visit 4 because it was the last visit
of the continuous four visits. In the multivariable logistic
regression, SUA was included in an additional test
besides other covariates as aforementioned; in this add-
itional test, the ORs for CKD (as shown in online supple-
mentary table S2) and SUA (data not shown) were 1.82
(1.13 to 2.93) and 3.35 (2.73 to 4.11) for men, 0.81 (0.44
to 1.46) and 1.97 (1.56 to 2.49) for women, and 1.27
(0.89 to 1.82) and 2.66 (2.30 to 3.09) overall.
Comparisons have been made between unadjusted and
SUA adjusted ORs as well as multivariable ORs with or

without SUA in the model. In both comparisons, the
results did not differ materially, as shown in online sup-
plementary table S2.
Probabilistic sensitivity analyses for the impact of mis-

classification, unmeasured confounding and selection
bias on the estimated association between CKD and gout
are shown in online supplementary figure S1. The fre-
quency distribution of bias and error adjusted ORs are
shown in online supplementary figure S1A, where the
median bias-adjusted relative risk was 10.47 with 95%
simulation ranging from 1.83 and 248. Changes in the
magnitude adjusted OR in response to changes in mag-
nitude and direction of bias are shown in online supple-
mentary figure S1B.

DISCUSSION
Our analysis of data collected on the original FHS parti-
cipants indicates that CKD is an independent risk factor
for gout. The analysis suggested that the HR of CKD to
gout is approximately 2.0 (non-prevalent CKD) to
approximately 1.5 (CKD in general). This result is
similar to another study using MRFIT data,8 where the
adjusted HR for gout among those with CKD was 1.61
(1.60 to 1.61).
In this prospective study based on 54 years of follow-up

data from FHS participants, the risk of gout associated
with CKD was doubled (HR=2.09; 95% CI 1.41 to 3.08)
in participants free from CKD and gout at baseline.
These associations persisted in both sexes, as well as in
our additional analyses including those with CKD at
baseline, and were independent of other known risk
factors of gout, including age, BMI, alcohol use,
smoking, hypertension and diabetes. Overall, these
findings provide prospective evidence that individuals
with CKD are at an increased future risk of gout inde-
pendent of other known risk factors. Our sensitivity ana-
lyses indicated that even after assuming extreme and
unlikely degrees of misclassification and bias, the relative
risk estimate is about 1.8, suggesting that the true rela-
tive risk might be stronger.
Historically, the impact of CKD on gout has been

debated,1 25 26 as different studies observed different
results. One factor that was often involved in the debates
is SUA. However, not all patients with hyperuricaemia
develop gout, and the reasons remain unclear.27 28

Furthermore, it is difficult to ascertain if hyperuricaemia
preceded CKD or whether the reverse is true.25 To test
the influence of SUA with the relationship between

Table 2 Incidence rates for gout according to chronic kidney disease (CKD) status in the original Framingham Heart Study

cohort

Men Women

Incident gout Rate (95% CI) Incident gout Rate (95% CI)

No CKD 204 3.60 (3.13 to 4.12) 121 1.57 (1.32 to 1.88)

CKD 27 10.24 (7.02 to 14.93) 19 4.62 (2.95 to 7.24)

Figure 1 Kaplan-Meier failure estimates for incident chronic

kidney disease (CKD) to incident gout among participants

who developed incident CKD after the baseline visit and those

who never developed CKD in the original Framingham Heart

Study cohort.
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CKD and gout, we performed a cross-sectional study.
The results suggested that although an increased SUA
level was associated with the risk of gout, CKD is still
associated with incident gout. However, we noticed that
in this cross-sectional study, CKD was associated with a
decreased risk of gout in women; this was because in
this specific visit (visit 4) no woman had gout among
303 women with CKD.
There are several limitations to our study. First, the

study spans five decades, and data collection and meas-
urement are unlikely to be uniform. The severity and
duration of CKD was not available in the FHS data set.
The number of participants decreased during the follow-
ups so survival bias is possible. Additionally, as aforemen-
tioned, SUA levels were measured only in five visits;
therefore, we assessed the role of SUA in an additional
analysis. We are also aware that some studies10 hypothe-
sised that lead (Pb2+) may be one unifying cause or risk
factor for both CKD and gout, however, this information
is not available in FHS and further investigation is still
needed. Lastly, similar to many survey-based
studies,1 25 26 the definitions of gout and CKD both
included self-reported data. However, it must be noted
that this study was performed using community-based
data from the FHS, and thus the findings may be gener-
alisable to the US population. However, the data set was
large and cases were numerous enough for meaningful

analyses. This is also the longest follow-up study, to the
best of our knowledge, in terms of assessing the relation-
ship between CKD and gout.
In summary, these prospective data from the FHS

provide the empiric basis that CKD is a risk factor for
gout and the temporality of association documented
here points towards the underlying causal nature.
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