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Abstract

This study was conducted to examine the relationship between
the degree of asymptomatic hyperuricemia and the develop-
ment of gout, in men and women. The database of a screening
center was searched for all subjects with asymptomatic hyper-
uricemia (>7.0 mg/dl men, >5.6 mg/dl women) during 2000—
2012. We included men and women without previous diag-
nosis of gout, and a follow-up of at least 5 years. The risk of
gout was analyzed in relation to the degree of hyperuricemia at
the first visit. Of the 5,234 subjects who matched the inclusion
criteria, 4,241 were normouricemic at their first visit and 993
were hyperuricemic. The mean follow up period was 7.5 years.
Gout was diagnosed at the last visit in 34 subjects; four in the
normouricemia group and 30 in the hyperuricemia group
(0.1 % vs. 3.0 %, p<0.001). Only one woman developed
gout. The odds ratio (OR) for developing gout was 32 times
higher in the hyperuricemic group than in the normouricemic
group. The OR to develop gout was 11.2 (confidence interval
[CT] 3.6-35.2) in men with mild hyperuricemia compared to
107.1 (CT 34.2-334.9) in men with moderate hyperuricemia,
and 624.8 (CI 134.0-2,913.1) in men with severe hyperurice-
mia. Multivariate analysis of uric acid levels, thiazide use,
regular alcohol consumption and estimated glomerular filtra-
tion rate (eGFR) showed that only the level of uric acid
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retained statistically significant for increasing the risk of gout.
There is a strong association between the absolute level of uric
acid and the risk to develop gout, strikingly so for men with
severe hyperuricemia. Monitoring is recommended for that
group, which poses the greatest risk to develop gout.

Keywords Alcohol - Arthritis - Gender - Renal function -
Thiazide - Uric acid

Introduction

Gout is a painful inflammatory arthritis induced by the depo-
sition of monosodium urate crystals in synovial space and
other tissues [1]. Although the association between elevated
uric acid levels and gout is well documented [1], the actual
risk for developing gout in patients with asymptomatic hyper-
uricemia is largely unknown. Early studies from the 1960s
through the 1980s addressing this issue estimated that two-
thirds or more of hyperuricemic individuals will remain
asymptomatic [2—4]. Recent epidemiological studies imply
that the incidence and prevalence of both gout and hyperuri-
cemia has increased in recent decades [5—11].Several factors
may account for the rise in serum uric acid levels. These
include a Western diet, rising rates of obesity, increasing
diuretic use and an ageing population [1].

There is no consensus on the treatment of patients with
asymptomatic hyperuricemia and asymptomatic hyperurice-
mia is commonly left untreated. This is partly because the
majority of patients with hyperuricemia are unlikely to devel-
op gout, and also due to possible side effects of treatment with
allopurinol [12, 13]. This approach has not been thoroughly
investigated, and is largely based on the findings of the 1987
Normative Aging Study [2] that assessed the risk of asymp-
tomatic hyperuricemic subjects to develop gout. It was esti-
mated in this study, which included only male patients, that
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22 % of subjects with uric acid levels higher than 9 mg/dl will
develop gout within 5 years.

Due to the paucity of data, the American College of Rheu-
matology refrained from addressing the pharmacological
management of asymptomatic hyperuricemia in its recent
guidelines [14].

As the prevalence of gout and hyperuricemia seems to be
rising in recent decades, it is imperative to assess the conse-
quence of asymptomatic hyperuricemia and to reexamine the
questionable strategy of not treating subjects with asymptom-
atic hyperuricemia. The aim of this study was to examine the
relationship between the degree of asymptomatic hyperurice-
mia and the risk to develop of gout, in both men and women.
As most of those with asymptomatic hyperuricemia will re-
main asymptomatic, we aimed to identify and characterize
those who pose an increased risk to develop gout, in attempt
to single out the group who may need close monitoring and
possibly treatment.

Subjects and methods

The Recanati Center for Preventive Medicine at Rabin Med-
ical Center in Israel provides a comprehensive annual medical
evaluation for males and non pregnant females (ages 20—
80 years). In each visit the subjects undergo a thorough
medical history, a complete physical examination, a broad
range of blood and urine tests, a chest X-ray, an electrocar-
diogram, an exercise stress test and a lung function test. We
retrospectively analyzed the database for all subjects found to
have asymptomatic hyperuricemia. Only those with no prior
diagnosis of gout and a follow-up period of at least 5 years
were included in this study. The study protocol was approved
by the Helsinki Ethics Committee of Rabin Medical Center.
Serum uric acid levels were tested in all cases on Beckman
Coulter AU 2700, using an enzymatic color test. We defined
hyperuricemia as a uric acid level >7 mg/dl for men and
>5.6 mg/dl for women, according to recent literature [15].
The subjects were divided into groups according to their
baseline uric acid level: normouricemia (NUA) or hyperuri-
cemia (HUA). The group of HUA was further subdivided into
sub-groups according to severity: mild HUA (7-8.4 mg/dl for
men and 5.6-6.9 mg/dl for women), moderate HUA (8.5—
9.9 mg/dl for men and 7-8.4 mg/dl for women) and severe
HUA (>10 mg/dl for men and >8.5 mg/dl for women). We
based our classification of severity of HUA on a modification
of the classification published by Min et al. in 2009 [16]. The
diagnosis of gout at their last visit was established either by
documentation from the primary physician or by self-report.
We calculated the odds ratio (OR) to develop gout, in both the
normal and the high level of uric acid groups, as well as in the
sub-groups according to severity of uric acid level.
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Statistical analysis

Statistical analysis was performed with SPSS for Windows
version 17 (SPSS Inc., Chicago, IL, USA). Continuous vari-
ables were expressed as means+1 standard deviation (SD),
and categorical variables as percentages. ORs for contracting
gout, dependant on baseline variables, were computed by
logistic regression. The #-test was used to compare continuous
variables between groups, and the chi-square test was used for
categorical variables. UA for two groups (Normal/High)
groups at baseline were compared using #-test for continuous
variables and chi-Square for categorical variables. UA for four
groups (Normal/Mild/Moderate/Severe) groups at baseline
were compared using ANOVA, with Tukey’s correction for
multiple comparisons, for continuous variables. In addition to
estimated glomerular filtration rate (eGFR), the following
baseline variables were included in the Logistic Regression
model: UA Levels, Thiazide usage and Alcohol consumption.
As only one Female contracted Gout, Gender was not includ-
ed in the model.

Results

Of the 5,234 subjects who matched the inclusion criteria,
3,866 (74 %) were males and 1,368 (26 %) were females.
Patient characteristics are presented in Table 1. The mean
follow up period was 7.53+1.97 years for the normouricemic
(NUA) group and 7.68+2 years for the hyperuricemic (HUA)

Table 1 Patient characteristics

Hyperuricemia  Normouricemia  p value®

(n=993) (n=4,241)
Mean age 43.66+9.2 42.88+9.1 0.01
Mean age male 43.03+8.8 42.74+9.0 0.39
Mean age female 47.83+10.5 43.22+9.1 0.001
Hypertension 79 % 3.8 % <0.001
Diabetes mellitus 2.7 % 22 % 0.35
Hypertriglyceridemia 47.9 % 224 % <0.001
eGFR 90.2 94.9 <0.001
Current smoker 11.1 % 13.4 % 0.05
Past smoker 313 % 27.8 % 0.03
Mean BMI 28.74 25.7 <0.001
Thiazide use 3.7 % 2.1 % 0.006
Regular alcohol 19.2 % 17.8 % 0.27

consumption

Mean follow-up (years) 7.68+2.0 7.53+1.97 0.03

Hyperuricemia defined as uric acid level >7 mg/dl in men and >5.6 mg/dl
in women

BMI body mass index, eGFR estimated glomerular filtration rate

#The p value was calculated in a univariate analysis
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group (p=0.03). Average age was 42.9+9.1 years for the
NUA and 43.7+9.2 years for the HUA group.

At their first visit, 4,241 subjects were found to be NUA
and 993 were HUA. At their last visit, gout was diagnosed in
34 patients: four with NUA at the first visit (0.1 %) and 30
with HUA at the first visit (3.1 %, p<0.001). The OR for
developing gout in the HUA group was 32 (confidence inter-
val [CI] 11.3-90.7). When conducting a multivariate analysis
comprising of all the variables which were statistically differ-
ent between normo and hyperuricemic subjects (Table 1),
HUA remained a highly significant independent risk factor
for gout development.

When conducting a separate analysis for men and women,
3,003 of the men had NUA at their first visit and 863 had
HUA. At their last visit, four of the NUA men were diagnosed
with gout (0.1 %), compared to 29 of the HUA (3.4 %,
p<0.001). The OR for developing gout was 25.2 times higher
in the HUA male group than the NUA male group (CI 8.9—
71.6). For the women, 1,238 had NUA and 130 had HUA at
their first visit. None of the women in the NUA developed
gout, compared to one woman (0.8 %) in the HUA group.
Because only one woman developed gout, further statistical
analysis was conducted exclusively on the male group.

Within the group of men with HUA, the rate of diagnosis of
gout at the last visit was identified by the degree of HUA at the
first visit (Fig. 1). We found that within the group of men with
mild HUA, 1.5 % (11 subjects out 748) were diagnosed with
gout at their last visit, whereas 12.5 % (13 subjects out of 104)
of the moderate HUA and 45.5 % (five subjects out of 11) of
the severe HUA were diagnosed with gout at the end of the
study period. The OR to develop gout was 11.2 for men with
mild HUA (CI 3.6-35.2), 107.1 for those with moderate HUA
(CI 34.2-334.9), and 624.8 for the severe HUA group (CI
134.0-2,913.1).

We addressed various risk factors associated with the path-
ogenesis of gout. In a univariate analysis, gout was diagnosed
in 0.8 % of subjects who were being treated with thiazide
compared to 0.6 % of those who were not (p=0.57); and in
1.1 % of subjects regularly consuming alcohol compared to
0.6 % of those who were not (p=0.11). Gout developed in
0.6 % of subjects with eGFR >60 ml/min/1.73 m* compared
to 3.7 % of those with a lower eGFR (OR 6.19, CI 1.4-26.5,
p=0.048). When these factors, together with uric acid levels,
were entered into a multivariate analysis model, only uric acid
level retained statistical significance.

Discussion

In this study, we demonstrated that the higher the level of uric
acid, the higher the risk for development of gout. Striking
results were found regarding the risk to develop gout in the
group of men with severe HUA (more than 10 mg/dl). Male

subjects were at much higher risk of developing gout inde-
pendent of whether they had a normal or high level of uric
acid. The results of our study are consistent with previous
observations that women comprise only a small percentage of
the population of gout patients, and that gout is rare in pre-
menopausal women [17]. Previous studies addressing the
clinical profile of women with gout found that they often used
diuretic therapy and had reduced renal function [18]; they
were also found to have a higher prevalence of tophi, with
higher levels of uric acid [19]. These findings, however, were
based on small samples size (23—37 women). In our study,
which included 1,368 women, none of these parameters were
found to be associated with gout in women. At the same time,
the mean age of women in our study was 43.7+£9.4, and only
24.1 % of them were older than 50, thus, most of the females
in our study were probably premenopausal. The lower level of
uric acid in women can largely be attributed to the presence of
estrogen, which promotes its excretion during the reproduc-
tive period [20]. Future large scaled studies among postmen-
opausal women will be helpful in determining the actual risk
to develop gout in that group.

Recent epidemiological studies point to an increased prev-
alence of gout worldwide. A recent retrospective study by Zhu
et al. [6] yielded an estimated prevalence rate of 3.9 % in the
United States. Hyperuricemia, defined as uric acid >7 mg/dl
for men and 5.6 mg/dl for women, was found in 21.4 % of
patients and was associated with an increase in comorbidities,
including kidney disease, obesity, diabetes mellitus and myo-
cardial infarction. Another study, of a Chinese population,
noted a marked increase in the prevalence of HUA and gout
from the 1980s to 2008, with current rates being 13.19 % and
1.14 %, respectively [19]. Klemp et al. [10] reported a similar
trend in New Zealand, particularly in men [10]. In Maori men,
the reported prevalence of gout rose from 4.5-10.4 % to
13.9 %; in European men it rose from 0.7-2.0 % to 5.8 %.
In spite of the rising prevalence and incidence of both gout and
HUA in recent decades, current data on the actual risk posed
by HUA for the development of gout remains sparse. The
1967 Framingham study followed 5,127 subjects (2,283 men,
2,844 women), some already with an established diagnosis of
gout [3], and investigated, among other characteristics, the
relationship of gout and HUA. In the Framingham study gout
developed in 36 % of those with uric acid levels of more than
8 mg/dl. Twenty years later, Langford et al. [21] assessed the
effect of thiazide treatment on uric acid and creatinine levels in
3,693 subjects with hypertension. At the end of the 5-year
follow-up period, only 15 episodes of gout had been recorded.
Average uric acid levels were lower than those in our study
(upper quartile 7.7 mg/dl). The significant association of gout
with thiazide use was further demonstrated by Choi et al. in
2012 [22]. Similar results were not demonstrated in our study,
perhaps owing to the relatively young age of our participants,
and the low rate of thiazide use in our subjects. The Normative
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Fig. 1 Prevelance of goutin a 50 45.5
mean follow-up of 7.5 years in
men by degree of hyperuricemia.
Severity of hyperuricemia: mild
hyperuricemia, 7-8.4 mg/dl;
moderate hyperuricemia, 40
8.5-9.9 mg/dl; severe
hyperuricemia >10 mg/dl
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Aging Study in the late 1980s, which included 2,046 partici-
pants, all of them males, found that in subjects with uric acid
levels of 9 mg/dl or higher, the cumulative incidence of gout
reached 22 % after 5 years [2]. Lin and Chou [23] followed up
223 men with asymptomatic HUA for 5 years at the 1990s and
found that 18.83 % of them developed gout, with uric acid
levels being the only predictor of gout. In our study, conducted
on men and women with no prior diagnosis of gout, we
showed that there is a correlation between the degree of
HUA and the risk to develop gout. Within a mean follow up
of 7.5 years, the OR for males with mild HUA (uric acid 7—
8.4 mg/dl) to develop gout relative to males with NUA, was
11.2; the OR for those with moderate HUA (uric acid 8.5—
9.9 mg/dl) was 107.1, while men with severe HUA (uric acid
>10 mg/dl) had a 624.8 higher risk of gout than those with
NUA. The results were further confirmed in a multivariate
analysis model which included thiazide use, alcohol consump-
tion and renal function. High uric acid level alone was inde-
pendently associated with a higher risk of developing gout.
The hyperuricemic subjects in our study were followed for
a slightly longer duration than the normouricemic subjects
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(7.68 vs. 7.53 years). Although statistically significant, and
potentially might have contributed to somewhat larger num-
bers of gout in the HUA group, the difference seems to be
clinically minimal and thus unlikely to influence or alter the
conclusions of our study. The tendency of our hyperuricemic
subjects to have hypertension, high triglyceride levels and
higher body mass index is consistent with recent publications
regarding the role of uric acid in metabolic syndrome [24].
Regarding the dietary composition of nutrition in Israel, Israel
is in the Mediterranean basin, but its population immigrated
mostly from Europe, Asia, and Africa. It was estimated in a
recent study that about 20 % of Israeli population were High
Mediterranean diet consumers [25]. The strengths of our study
lie in the large cohort of an apparently healthy population, the
long median follow up (>7.5 years) including multiple visits
and evaluations, and the inclusion of both men and women. Its
weaknesses are that the study was retrospective, the selection
bias that implies from the voluntary nature of survey, the fact
that diagnosis was established either by documentation from
the primary physician or by self-report and the fact that the
women population was mostly premenopausal.
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In summary, our results singles out the group of men with

very high levels of uric acid (of more than 10 mg/dl) as having
an exceptionally increased risk to develop gout. Follow-up of
that specific group and monitoring their uric acid levels might
be beneficial, allowing prompt diagnosis and treatment of an
arthritis attack, should it occur. Further prospective studies are
needed to establish the role of preventative treatment with
allopurinol for that group.
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