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IMPORTANCE Approximately 12 million adults in the US have a history of gout, but whether
serum urate levels can help predict recurrence is unclear.

OBJECTIVE To assess associations of a single serum urate measurement with subsequent risk
of acute gout flares and subsequent risk of hospitalizations for gout among patients in the UK
with a history of gout.

DESIGN, SETTING, AND PARTICIPANTS This retrospective study included patients with a history
of gout identified from the UK between 2006 and 2010 who were followed up through
Primary Care Linked Data medical record linkage until 2017 and through the Hospital Episode
Statistics database until 2020.

EXPOSURES Serum urate levels at enrollment.

MAIN OUTCOME AND MEASURE Rate of recurrent acute gout, ascertained by hospitalization,
outpatient, and prescription/procedure records, and adjusted rate ratios using negative
binomial regressions.

RESULTS Among 3613 patients with gout (mean age, 60 years; 3104 [86%] men), 1773 gout
flares occurred over a mean follow-up of 8.3 years. Of these, 1679 acute gout flares (95%)
occurred in people with baseline serum urate greater than or equal to 6 mg/dL and 1731
(98%) occurred in people with baseline serum urate greater than or equal to 5 mg/dL. Rates
of acute gout flares per 1000 person-years were 10.6 for participants with baseline urate
levels less than 6 mg/dL, 40.1 for levels of 6.0 to 6.9 mg/dL, 82.0 for levels of 7.0 to
7.9 mg/dL, 101.3 for levels of 8.0 to 8.9 mg/dL, 125.3 for urate levels of 9.0 to 9.9 mg/dL, and
132.8 for levels greater than or equal to 10 mg/dL. Rate ratio of flares were 1.0, 3.37, 6.93,
8.67, 10.81, and 11.42, respectively, over 10 years (1.61 [1.54-1.68] per mg/dL). Rates of
hospitalization per 1000 person-years during follow-up were 0.18 for those with baseline
serum urate less than 6 mg/dL, 0.97 for serum urate of 6.0 to 6.9 mg/dL, 1.8 for serum urate
of 7.0 to 7.9 mg/dL, 2.2 for serum urate of 8.0 to 8.9 mg/dL, 6.7 for serum urate of 9.0 to
9.9 mg/dL, and 9.7 for serum urate greater than or equal to 10 mg/dL. Rate ratios of
hospitalization for gout, adjusting for age, sex, and race were 1.0, 4.70, 8.94, 10.37, 33.92, and
45.29, respectively (1.87 [1.57-2.23] per mg/dL).

CONCLUSIONS AND RELEVANCE In this retrospective study of patients with a history of gout,
serum urate levels at baseline were associated with the risk of subsequent gout flares and
rates of hospitalization for recurrent gout. These findings support using a baseline serum
urate level to assess risk of recurrent gout over nearly 10 years of follow-up.
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G out affects more than 12 million adults in the US.1 Acute
gout is typically episodic and associated with severe
pain,2 reduced quality of life, and a transient increase

in major cardiovascular3 and venous thrombotic events.4 Acute
gout is caused by accumulation of monosodium urate crys-
tallization in the joints,2,5,6 typically due to chronic hyperuri-
cemia, with serum urate levels exceeding the saturation point
of approximately 6.8 mg/dL for monosodium urate crystalli-
zation in the body.2,5,6 Among people without a history of gout,
population-based studies reported graded associations be-
tween baseline serum urate levels above the saturation point
and the risk of gout even after 10 or more years following the
initial serum urate measurement.7-9 However, associations be-
tween serum urate levels and the risk of recurrent gout among
patients with a history of gout are unclear.

In this retrospective study of patients with a history of gout
treated in primary care, associations of baseline serum urate
levels with subsequent episodes of acute gout and acute gout
requiring hospitalization were evaluated.

Methods
Source Population
The source population was the UK Biobank, a cohort of more
than 500 000 adults aged 40 to 69 years recruited between
2006 to 2010 through the UK National Health Service.10,11 Par-
ticipants provided blood samples and attended a baseline visit
during which information was collected on sociodemo-
graphic data, health behaviors, medical conditions, medica-
tions, and height and weight. These data were linked to hos-
pital inpatient and death records (available for all participants)
and primary care data (available for 45% of the entire UK
Biobank cohort). Hospitalization linkage and vital statistics
data were available through March 2020, whereas primary care
data were available from the UK Biobank through September
2017. The UK Biobank obtained ethical approval from the
North West–Haydock Research Ethics Committee (16/NW/
0274) and all participants provided written informed con-
sent, including for linkage to their health-related records.

Study Population
The study population consisted of all UK Biobank partici-
pants with a history of gout at baseline,12 defined as having a
diagnosis of gout recorded in the primary care data before the
enrollment date, and whose individual primary care clinical
diagnoses and prescription data were linked to other UK
Biobank data. Therefore, analyses were restricted to the 45%
of UK Biobank participants who were linked to primary care
data.13 Baseline characteristics of UK Biobank participants with
and without primary care data linkage were similar (eTable 1
in Supplement 1). Eligible patients had at least 1 primary care
encounter and prescription medication record after gout di-
agnosis and nonmissing serum urate data at baseline (Figure 1).

Ascertainment of Exposure: Serum Urate Measurement
Blood samples were collected from participants as part of their
baseline assessment visit and shipped to the UK Biobank cen-

tral processing site for processing and storage in an auto-
mated freezer at −80 °C within 24 hours. Serum urate was mea-
sured from each participant’s baseline blood sample using an
enzymatic assay on a Beckman Coulter AU5800 platform.14

Ascertainment of End Points: Recurrent Gout Flares
Based on recent studies conducted in the UK Clinical Practice
Research Datalink3,4 and UK Biobank,12 recurrent flares were
defined as hospitalization with gout (International Statistical
Classification of Diseases, Tenth Revision [ICD-10] M10) as the
primary discharge diagnosis; diagnosis of a new acute gout epi-
sode in primary care records; or diagnosis of gout in primary
care records and prescription issued on the same day for cor-
ticosteroids, colchicine, or nonsteroidal anti-inflammatory
drugs or a pertinent procedure (eTable 2 in Supplement 1).
Hospitalizations for gout based on ICD codes have been vali-
dated, and specificity and positive predictive value were
100%.15 Gout visit and flare drug prescription/procedure had
a positive predictive value of 95% for a gout flare in a prior
study.16 Episodes of acute gout that occurred within 30 days
of a previous flare encounter were considered part of the same
episode and excluded.17

Ascertainment of Covariates
Covariates were ascertained at the UK Biobank baseline
assessment and through linked medical records and included
age, sex, self-reported race (fixed categories of Black, Asian,
White, multiple, or other), body mass index (BMI), smoking
status, alcohol intake,18 coffee intake, red meat intake, fish
intake, poultry intake,19 diuretic20 and urate-lowering
therapy2 1 use, diabetes,1 7 cardiovascular disease,1 7

hypertension,17 and chronic kidney disease17 (eMethods in
Supplement 1). These factors affect serum urate levels and
may be confounders of the associations studied here. Race
and ethnicity were included because previous studies
reported higher rates of gout in Black and Asian individuals
compared with White individuals.1

Statistical Analysis
We conducted cohort analyses to examine associations be-
tween categories of baseline serum urate levels and rates of
recurrent gout flares during the subsequent 1, 2, 5, and 10 years.

Key Points
Question In patients with a history of gout, are higher levels of
serum urate associated with a higher incidence of subsequent
gout flares?

Findings In this retrospective population-based study of 3613
patients with gout with a mean follow-up of 8.3 years, higher urate
levels at baseline were associated with higher rates of recurrent
gout. Overall, 95% of gout flares occurred in people with serum
urate greater than or equal to 6 mg/dL and 98% occurred in
people with serum urate greater than or equal to 5 mg/dL.

Meaning Among patients with a history of gout, these findings
support using a baseline serum urate value to assess risk of
subsequent gout flares.
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We computed person-time of follow-up from the baseline
examination to the earliest date of either death or end of
the study period, whichever occurred first (September 20,
2017, when counting flares captured from the inpatient and
outpatient data). Based on population studies for incident
gout risk among individuals without gout at baseline,7-9

serum urate levels were categorized as less than 6.0 mg/dL,
6.0 to 6.9 mg/dL, 7.0 to 7.9 mg/dL, 8.0 to 8.9 mg/dL, 9.0 to
9.9 mg/dL, and greater than or equal to 10.0 mg/dL, with a
level of less than 6.0 mg/dL serving as the reference group
(ie, American College of Rheumatology and European
Alliance of Associations for Rheumatology threshold22,23), as
well as continuously (per mg/dL and per SD). In a secondary
analysis, we examined serum urate categories with levels less
than 5.0 mg/dL as the reference group, consistent with the
British Society of Rheumatology’s target serum urate level.24

We separately examined the association between baseline
urate levels and gout flares requiring hospitalizations (using
gout as the primary discharge diagnosis), for which hospital
inpatient data were obtained through March 5, 2020.
Negative binomial regression was used to account for the
recurrent flare event counts during follow-up in our primary
analysis, exponentiating the coefficients to generate rate
ratios (RRs) and 95% CIs overall and by subgroups defined by
sex, race, age group, chronic kidney disease status, and
diuretic and urate-lowering therapy use. We additionally
used Poisson regression to assess recurrent flare counts, with
robust variance to account for potential overdispersion.

RRs were adjusted for age, sex, and race.2,6 Additional
analyses were performed that additionally adjusted for BMI;
smoking status; consumption of alcohol, coffee, red meat,
fish, and poultry; diuretic and urate-lowering therapy use;
and presence of diabetes, cardiovascular disease, hyperten-
sion, and chronic kidney disease. We evaluated potential
subgroup effects and interactions with age, sex, race,
chronic kidney disease status, diuretic use, and urate-
lowering therapy use by testing significance of the interac-
tion terms (between each dichotomous covariate and con-
tinuous serum urate) added to our final models. All P values
were 2-sided. All statistical analyses were conducted using
R version 4.2.2 (R Foundation).

Results
A total of 3613 people from the UK Biobank database who had
a history of gout and underwent a serum urate measurement
between April 28, 2007, and September 29, 2010, were in-
cluded (after excluding those with missing covariate values for
BMI and estimated glomerular filtration rate [n = 21]) (Figure 1).
Among the participants, 3104 (86%) were men and the mean
age was 60 years. The mean (SD) serum urate level was 6.87
(1.63) mg/dL at baseline (Table). Male sex, higher BMI, greater
alcohol consumption, smoking, greater red meat intake, di-
uretic use, and chronic kidney disease were associated with
higher serum urate categories, whereas older age and use of
urate-lowering therapy were associated with lower serum urate
level categories (Table).

Over a mean follow-up of 8.3 years, 1773 new episodes of
gout were treated in primary care or required hospitaliza-
tions. Of the 3613 participants, 72% had 0 acute gout epi-
sodes, 16% had 1 acute gout episode, 6% had 2 acute gout
episodes, and 5% had at least 3 acute gout episodes. Overall,
1679 of 1773 acute gout episodes (95% [95% CI, 94%-96%]) oc-
curred in those with baseline serum urate greater than or equal
to 6 mg/dL and 1731 of 1773 (98% [95% CI, 97%-98%]) oc-
curred in those with baseline serum urate greater than or equal
to 5 mg/dL (Figure 2; eTable 3 in Supplement 1).

Serum urate levels were associated with recurrent acute
gout in a graded manner. Rates of acute gout flares per 1000
person-years (with RRs adjusted for age, sex, and race) were
10.6 for participants with baseline urate levels less than 6 mg/dL
(adjusted RR, 1.0), 40.1 for levels of 6.0 to 6.9 mg/dL (ad-
justed RR, 3.37 [95% CI, 2.60-4.39]), 82.0 for levels of 7.0 to
7.9 mg/dL (adjusted RR, 6.93 [95% CI, 5.43-8.84]), 101.3 for
levels of 8.0 to 8.9 mg/dL (adjusted RR, 8.67 [95% CI, 6.74-
11.14]), 125.3 for levels of 9.0 to 9.9 mg/dL (adjusted RR, 10.81
[95% CI, j8.02-14.56]), and 132.8 for levels greater than or equal
to 10 mg/dL (adjusted RR, 11.42 [95% CI, 7.72-16.90]) (P for
trend <.001) (Figure 2).

After further adjustment for BMI; smoking status; con-
sumption of alcohol, coffee, red meat, fish, and poultry; di-
uretic and urate-lowering therapy use; and diabetes, cardio-
vascular disease, hypertension, and chronic kidney disease,
corresponding RRs were 1.0, 3.16, 6.20, 7.77, 9.80, and 11.26
(95% CI, 7.47-16.97), respectively (P for trend <.001) (Figure 2).
Each 1-mg/dL increase in serum urate was associated with a
61% increase in recurrent flare rate (RR, 1.61 [95% CI, 1.54-
1.68]) and each increase by 1 SD was associated with a 118% in-
crease in recurrent flare rate (RR, 2.18 [95% CI, 2.02-2.34]).
Corresponding RRs in the fully adjusted model were 1.58
(95% CI, 1.50-1.66) per mg/dL and 2.11 (95% CI, 1.95-2.28)
per SD (Figure 2).

Figure 1. Cohort Development in Study of Recurrent Flares
Among Patients With History of Gout

502 490 UK Biobank participants

3613 Included in the final study cohort

228 939 With linked primary care data available

3656 With prevalent gout diagnosis at baseline sourced from
primary care with baseline serum urate value available

3634 With at least 1 encounter and prescription after
gout diagnosis in the health record

22 Excluded without any primary care
encounter or prescription recorded
after gout diagnosis

21 Excluded with missing covariate values
for body mass index or estimated
glomerular filtration rate
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During the first year of follow-up, corresponding rates per
1000 person-years were 9.5 for serum urate less than 6 mg/dL
(adjusted RR, 1.0), 55.2 for serum urate of 6.0 to 6.9 mg/dL (ad-
justed RR, 5.14 [95% CI, 2.54-10.41]), 125.3 for serum urate of
7.0 to 7.9 mg/dL (adjusted RR, 11.59 [95% CI, 5.96-22.54]), 126.4

for serum urate of 8.0 to 8.9 mg/dL (adjusted RR, 11.86
[95% CI, 6.01-23.38]), 193.8 for serum urate of 9.0 to 9.9 mg/dL
(adjusted RR, 18.95 [95% CI, 9.17-39.19]), and 306.7 for serum
urate greater than or equal to 10 mg/dL (adjusted RR, 29.20
[95% CI, 13.07-65.20]). Continuously, the RR adjusting for age,

Table. Baseline Characteristics of the Study Population With Prevalent Gouta

Characteristic

Serum urate level, No. (%)
Trend
P valueb

Total
(N = 3613)

<6 mg/dL
(n = 1057)

6 to 7 mg/dL
(n = 781)

7 to 8 mg/dL
(n = 872)

8 to 9 mg/dL
(n = 609)

9 to 10 mg/dL
(n = 212)

≥10 mg/dL
(n = 82)

Women 315 (29.8) 70 (9.0) 56 (6.4) 40 (7.2) 21 (7.8) 7 (7.8)
<.001

509 (14.1)

Men 742 (70.2) 711 (91.0) 816 (93.6) 569 (93.4) 191 (90.1) 75 (91.5) 3104 (85.9)

Age, mean (SD), y 60.5 (6.5) 60.8 (6.4) 60.4 (6.8) 59.6 (7.2) 58.6 (7.8) 59.0 (7.8) <.001 60.2 (6.8)

Race

.70

Asian 22 (2.1) 19 (2.4) 19 (2.2) 14 (2.3) 4 (1.9) 2 (2.4) 80 (2.2)

Black 6 (0.6) 8 (1.0) 7 (0.8) 8 (1.3) 1 (0.5) 2 (2.4) 32 (0.9)

White 1018 (96.3) 745 (95.4) 837 (96.0) 579 (95.1) 204 (96.2) 78 (95.1) 3461 (99.1)

Multiplec 4 (0.4) 5 (0.6) 3 (0.3) 2 (0.3) 1 (0.5) 0 15 (0.4)

Otherd 5 (0.5) 4 (0.5) 3 (0.3) 3 (0.5) 1 (0.5) 0 16 (0.4)

Serum urate level,
mean (SD), mg/dL

4.9 (0.8) 6.6 (0.3) 7.5 (0.3) 8.4 (0.3) 9.4 (0.3) 10.7 (0.7) <.001 6.9 (1.6)

BMI, mean (SD) 29.4 (4.9) 29.4 (5.0) 29.9 (4.3) 30.5 (4.8) 31.4 (5.7) 32.2 (6.0) <.001 30.0 (4.9)

Alcohol
consumption

<.001Daily 269 (25.4) 254 (32.5) 293 (33.6) 222 (36.5) 75 (35.4) 24 (29.3) 1137 (31.5)

Never 88 (8.3) 57 (7.3) 40 (4.6) 30 (4.9) 12 (5.7) 6 (7.3) 233 (6.4)

Smoking status

Never 480 (45.4) 333 (42.6) 375 (43.0) 243 (39.9) 89 (42.0) 32 (39.0) 1552 (43.0)

Former 486 (46.0) 371 (47.5) 423 (48.5) 318 (52.2) 94 (44.3) 39 (47.6) .02 1731 (47.9)

Current 88 (8.3) 75 (9.6) 66 (7.6) 48 (7.9) 24 (11.3) 9 (8.6) 310 (8.6)

Coffee intake,
cups/d

.10
0 247 (23.4) 153 (19.6) 208 (23.9) 151 (24.8) 63 (29.7) 16 (19.5) 838 (23.2)

1-2 433 (41.0) 315 (40.3) 355 (40.7) 250 (41.1) 78 (36.8) 27 (32.9) 1458 (40.4)

3-5 246 (23.3) 192 (24.6) 196 (22.5) 130 (21.3) 38 (17.9) 20 (24.4) 822 (22.8)

>5 53 (5.0) 53 (6.8) 37 (4.2) 25 (4.1) 12 (5.7) 6 (7.3) 186 (5.1)

Red meat intake,
mean (SD),
servings/wk

3.9 (2.5) 4.4 (2.7) 4.2 (2.3) 4.4 (2.6) 4.9 (3.6) 4.2 (2.5) <.001 4.3 (2.5)

Poultry intake,
mean (SD),
servings/wk

1.9 (1.2) 2.0 (1.2) 2.0 (1.3) 2.0 (1.3) 2.1 (1.5) 1.7 (1.2) .22 2.0 (1.2)

Fish intake,
mean (SD),
servings/wk

2.3 (1.7) 2.4 (1.6) 2.4 (2.0) 2.2 (1.9) 2.6 (1.9) 2.3 (1.7) .54 2.3 (1.7)

Diuretic use at
baseline

110 (10.4) 79 (10.1) 100 (11.5) 84 (13.8) 35 (16.5) 26 (12.0) <.001 434 (12.0)

Urate-lowering
therapy use at
baseline

455 (43.0) 164 (21.0) 74 (8.5) 37 (6.1) 11 (5.2) 8 (9.8) <.001 749 (20.7)

Hypertension 340 (32.2) 228 (29.2) 255 (29.2) 188 (30.9) 68 (32.1) 33 (40.2) .41 1112 (30.8)

Cardiovascular
disease

140 (13.2) 86 (11.0) 97 (11.1) 83 (13.6) 37 (17.5) 14 (17.1) .17 457 (12.6)

Diabetes 167 (15.8) 110 (14.1) 84 (9.6) 77 (12.6) 24 (11.3) 18 (22.0) .08 480 (13.3)

Chronic kidney
disease stage ≥3e

54 (5.1) 30 (3.8) 37 (4.2) 50 (8.2) 34 (16.0) 28 (34.1) <.001 233 (6.4)

a Serum urate levels were measured from blood samples taken at the baseline
assessment, at the same time that data were collected on anthropometrics
and self-reported dietary intake, lifestyle factors, and current medication use.

b P values are for the trend across the 6 categories of serum urate level and
were calculated using linear regression (for continuous variables), logistic
regression (for dichotomous variables), and ordinal logistic regression (for
categorical variables).

c Self-selected by participants, with further response options including “White
and Black Caribbean,” “White and Black African,” “White and Asian,” and “Any
other mixed background.”

d Self-selected by participants, with no further response options available.
e Glomerular filtration rate <60 mL/min.
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sex, and race were 1.66 (95% CI, 1.52 to 1.80) per mg/dL and
2.27 (95% CI, 1.98 to 2.62) per SD (Figure 2). Associations were
similar when RRs and 95% CIs were estimated using Poisson
regression and robust variances (eTable 4 in Supplement 1). As-
sociations between baseline serum urate level and flare rate
remained similar among subsets defined by sex, race, pres-
ence of chronic kidney disease, diuretic use, and urate-
lowering therapy use (P for interaction between mean serum
urate change and each covariate >.22) (Figure 3).

Sixty-four hospitalizations with gout as the primary dis-
charge diagnosis were documented, with 62 (97% [95% CI,
93%-100%) occurring in those with baseline serum urate
greater than or equal to 6 mg/dL and all 64 (95% CI, 94%-

100%) occurring in those with baseline serum urate greater
than or equal to 5 mg/dL (Figure 4; eTable 5 in Supplement 1).
Rates of hospitalization for gout (and RRs adjusted for age,
sex, and race) per 1000 person-years were 0.18 for those with
serum urate less than 6.0 mg/dL (adjusted RR, 1.0), 0.97 for
those with rerum urate of 6.0 to 6.9 mg/dL (adjusted RR,
4.70 [95% CI, 0.98-22.53]), 1.8 for those with serum urate of
7.0 to 7.9 (adjusted RR, 8.94 [95% CI, 2.03-39.39]), 2.2 for
those with serum urate of 8.0 to 8.9 (adjusted RR, 10.37 [95%
CI, 2.31-46.62]), 6.7 for those with serum urate of 9.0 to 9.9
(adjusted RR, 33.92 [95% CI, 7.50-153-36]), and 9.7 for those
with serum urate greater than or equal to 10 mg/dL (adjusted
RR, 45.29 [95% CI, 9.01-227.70]) (Figure 4). These results

Figure 2. Rate and Rate Ratio (RR) for Recurrent Gout Flares According to Serum Urate Level and Follow-Up From Baseline

Less
likely to
have an

event

More
likely to
have an
event

0.3 70101
Adjusted RR (95% CI)

No. of
patients
with
gout

Follow-up,
person-
years

No. of
flares

Flares
per 1000
person-
years

Serum
urate,
mg/dL

Extended
adjusted
RR (95% CI)b

Unadjusted RR
(95% CI)

Adjusted RR
(95% CI)a

1 Year

1057 1057 10 9.5<6 1.0 [Reference]1 [Reference] 1 [Reference]

781 780 43 55.26.0-6.9 4.69 (2.29-9.62)5.83 (2.89-11.75) 5.14 (2.54-10.41)

872 870 109 125.37.0-7.9 9.79 (4.90-19.53)13.24 (6.84-25.62) 11.59 (5.96-22.54)

609 609 77 126.48.0-8.9 9.83 (4.84-19.96)13.36 (6.80-26.23) 11.86 (6.01-23.38)

212 212 41 193.89.0-9.9 16.81 (7.85-35.98)20.47 (9.92-42.21) 18.95 (9.17-39.19)

82 82 25 306.7≥10 27.09 (11.59-63.30)32.65 (14.64-72.82) 29.20 (13.07-65.20)

3613 3608 305 84.5Per mg/dL 1.63 (1.48-1.80)1.67 (1.54-1.82) 1.66 (1.52-1.80)

3613 3608 305 84.5Per SD 2.22 (1.89-2.61)2.31 (2.01-2.65) 2.27 (1.98-2.62)

2 Years

1057 2110 22 10.4<6 1.0 [Reference]1 [Reference] 1 [Reference]

781 1554 79 50.86.0-6.9 4.09 (2.48-6.74)4.87 (3.00-7.93) 4.39 (2.69-7.16)

872 1735 184 106.07.0-7.9 8.08 (4.99-13.09)10.17 (6.44-16.04) 9.13 (5.76-14.46)

609 1217 155 127.38.0-8.9 9.71 (5.93-15.88)12.21 (7.68-19.41) 11.09 (6.95-17.70)

212 421 81 192.39.0-9.9 15.75 (9.20-26.95)18.42 (11.11-30.54) 17.39 (10.46-28.91)

82 162 44 272.4≥10 23.17 (12.46-43.07)26.34 (14.71-47.17) 24.05 (13.40-43.16)

3613 7200 565 78.5Per mg/dL 1.65 (1.53-1.78)1.68 (1.58-1.80) 1.67 (1.57-1.79)

3613 7200 565 78.5Per SD 2.26 (2.00-2.55)2.34 (2.10-2.60) 2.31 (2.08-2.57)

5 Years

1057 5230 58 11.1<6 1.0 [Reference]1 [Reference] 1 [Reference]

781 3845 170 44.26.0-6.9 3.28 (2.36-4.57)3.98 (2.89-5.48) 3.57 (2.59-4.92)

872 4299 407 94.77.0-7.9 6.74 (4.91-9.23)8.53 (6.35-11.47) 7.66 (5.67-10.33)

609 3023 369 122.08.0-8.9 8.70 (6.29-12.03)11.03 (8.16-14.93) 10.00 (7.36-13.57)

212 1041 172 165.29.0-9.9 12.27 (8.47-17.77)14.88 (10.51-21.08) 13.84 (9.75-19.64)

82 397 76 191.4≥10 15.05 (9.47-23.92)17.42 (11.23-27.01) 15.77 (10.16-24.49)

3613 17 836 1252 70.2Per mg/dL 1.63 (1.54-1.73)1.69 (1.61-1.78) 1.67 (1.59-1.76)

3613 17 836 1252 70.2Per SD 2.23 (2.03-2.44)2.35 (2.17-2.55) 2.30 (2.12-2.50)

10 Years

1057 8833 94 10.6<6 1.0 [Reference]1 [Reference] 1 [Reference]

781 6458 259 40.16.0-6.9 3.16 (2.41-4.13)3.76 (2.90-4.87) 3.37 (2.60-4.39)

872 7260 595 82.07.0-7.9 6.20 (4.79-8.03)7.69 (6.05-9.79) 6.93 (5.43-8.84)

609 5106 517 101.38.0-8.9 7.77 (5.94-10.15)9.56 (7.46-12.25) 8.67 (6.74-11.14)

212 1756 220 125.39.0-9.9 9.80 (7.14-13.44)11.68 (8.69-15.70) 10.81 (8.02-14.56)

82 663 88 132.8≥10 11.26 (7.47-16.97)12.66 (8.57-18.69) 11.42 (7.72-16.90)

3613 30 076 1773 59.0Per mg/dL 1.58 (1.50-1.66)1.64 (1.57-1.71) 1.61 (1.54-1.68)

3613 30 076 1773 59.0Per SD 2.11 (1.95-2.28)2.23 (2.08-2.40) 2.18 (2.02-2.34)

a Adjusted for age, sex, and race.
b Adjusted for variables included in the primary model (age, sex, race) plus body

mass index (continuous), smoking status, alcohol intake, coffee intake,

red meat, fish, and poultry intake, current use of diuretic medications and
urate-lowering therapy, and prevalent diabetes, cardiovascular disease,
hypertension, and chronic kidney disease.
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corresponded to an 87% increase in gout-primary hospital-
ization rates per 1-mg/dL increase in serum urate (RR, 1.87
[95% CI, 1.57 to 2.23]) and a 177% increase in gout-primary
hospitalization rates per SD (RR, 2.77 [95% CI, 2.08 to 3.69]).

Discussion
In this population-based cohort study of 3613 patients with
history of gout who were followed up in primary care for a
mean of 8.3 years, 95% of new gout flares occurred in people
with baseline serum urate levels of at least 6 mg/dL (ie, US
and European therapeutic target threshold22,23) and 98%
occurred in those with levels of at least 5 mg/dL (ie, British

Society of Rheumatology target threshold24). Overall, 97% of
new gout flares resulting in hospitalizations occurred in
those with sodium urate of at least 6 mg/dL and 100% of new
gout flares resulting in hospitalizations occurred in those
with serum urate of at least 5 mg/dL. The associations with
gout flares remained after adjusting for sex, race, chronic kid-
ney disease status, diuretic use, and urate-lowering therapy
use. Overall, a single serum urate level measure was strongly
associated with the risk of recurrent gout flares in this study,
with nearly all acute gout flares occurring in people with
baseline serum urate greater than 5 mg/dL or 6 mg/dL.

Uric acid, with a pKa of 5.8, is a mild acid and primarily
exists as urate, its ionized form, under physiological pH
conditions.2 As urate concentration increases above the

Figure 3. Rate and Rate Ratio (RR) for Recurrent Gout Flares per mg/dL and SD of Serum Urate Over 10 Years

Less
likely to
have an

event

More
likely to
have an
event

0.3 70101
Adjusted RR (95% CI)

No. of
patients
with
gout

Follow-up,
person-
years

No. of
flares

Flares
per 1000
person-
yearsSubgroup

Adjusted RR per
SD (95% CI)a

P value for
interaction

Adjusted RR per
mg/dL (95% CI)a

Age, y

1345 11 390 666 58.5<60 2.17 (1.94-2.44)1.61 (1.50-1.73)

2268 18 690 1107 59.2≥60 2.18 (1.98-2.39)1.61 (1.52-1.71)

Sex

3104 25 803 1678 65.0Men 2.15 (1.99-2.32)1.60 (1.53-1.67)

509 4277 95 22.2Women 2.43 (1.89-3.14)1.73 (1.48-2.02)

Race

152 1250 88 70.4Non-White 2.37 (1.71-3.28)1.70 (1.39-2.07)

3461 28 830 1685 58.4White 2.17 (2.01-2.34)1.61 (1.54-1.68)

Diuretic use

434 3558 199 55.9Yes 2.00 (1.66-2.40)1.53 (1.36-1.71)

3179 26 522 1574 59.3No 2.24 (2.07-2.43)1.64 (1.56-1.72)

Urate-lowering therapy use

749 6227 149 23.9Yes 1.93 (1.57-2.37)1.50 (1.32-1.70)

2864 23 853 1624 68.1No 2.07 (1.91-2.25)1.56 (1.49-1.65)

Chronic kidney disease stage ≥3

233 1849 124 67.0Present 2.08 (1.65-2.64)1.57 (1.36-1.81)

3380 28 231 1649 58.4Absent 2.23 (2.06-2.41)1.64 (1.56-.72)

.92

.43

.52

.61

.23

.35

a Adjusted for age, sex, and race.

Figure 4. Rate and Rate Ratios (RR) for Recurrent Gout Flares Requiring Hospitalization

Less
likely to
have an

event

More
likely to
have an
event

0.3 70 250101
Adjusted RR (95% CI)

No. of
patients
with
gout

Follow-up,
person-
years

No. of
flares

Flares
per 1000
person-
years

Serum
urate,
mg/dL

Unadjusted RR
(95% CI)

Adjusted RR
(95% CI)a

1057 11 198 2 0.18<6 1 [Reference] 1 [Reference]

781 8214 8 0.976.0-6.9 5.47 (1.15-25.98) 4.70 (0.98-22.53)

872 9226 17 1.87.0-7.9 10.34 (2.37-45.17) 8.94 (2.03-39.39)

609 6450 14 2.28.0-8.9 12.14 (2.73-54.07) 10.37 (2.31-46.62)

212 2229 15 6.79.0-9.9 37.83 (8.43-169.71) 33.92 (7.50-153.36)

82 825 8 9.7≥10 53.88 (10.79-269.13) 45.29 (9.01-227.70)

3613 38 142 64 1.7Per mg/dL 1.89 (1.59-2.25) 1.87 (1.57-2.23)

3613 38 142 64 1.7Per SD 2.83 (2.14-3.75) 2.77 (2.08-3.69)
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saturation point of approximately 6.8 mg/dL25,26 in physi-
ologic fluids, supersaturation and monosodium urate crystal
formation occur, which is a necessary step in the pathogen-
esis of gout flares.2,5,6 The solubility of urate in joint fluids
may be influenced by other factors in the joint, such as tem-
perature, pH level, concentration of cations, level of articular
dehydration, and the presence of nucleating agents.2,27-29

In this study, there was no significant effect modifica-
tion by baseline urate-lowering therapy use, suggesting that
higher serum urate levels were associated with higher risk
of gout flares in a similar manner between people using
urate-lowering therapy and those not using urate-lowering
therapy. Urate-lowering therapy did not significantly alter
the association of serum urate with risk of an acute gout
flare. The observed associations did not change meaning-
fully with additional statistical adjustment for BMI; smok-
ing status; consumption of alcohol, coffee, red meat, fish,
and poultry; diuretic and urate-lowering therapy use; and
diabetes, cardiovascular disease, hypertension, and chronic
kidney disease.

Strengths of this study include the prospective data col-
lection, the length of follow-up, and the ascertainment of flares
from primary hospitalizations for gout and from outpatient di-
agnoses, including those specifically for acute gout. The study
design included measurement of serum urate at a baseline
point related to participation in the UK Biobank and should

have avoided detection of lower serum urate levels during acute
flares, when serum urate levels are known to drop.30-33

Limitations
This study has several limitations. First, UK Biobank partici-
pants typically have a better socioeconomic status and are
healthier than the UK general population.11 Second, acute gout
flares that were not treated by medical personnel could not be
measured. Therefore, these data may underestimate the num-
ber of acute gout flares in the cohort. Third, some patients might
have had a plan for acute gout flares that prevented the need
to seek medical attention and lower serum urate levels from ac-
tive management. Fourth, certain subgroups, such as certain ra-
cial groups, were relatively small in size. Fifth, in this observa-
tional data set, residual and unmeasured confounding may exist.
Sixth, 55% of the UK Biobank did not have primary care record
data available and could not be included in this study.

Conclusions
In this retrospective study of patients with history of gout, se-
rum urate levels at baseline were associated with the risk of sub-
sequent gout flares and with rates of hospitalization for recur-
rent gout. These findings support using a baseline serum urate
to assess risk of recurrent gout over nearly 10 years of follow-up.
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