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Treatment of Asymptomatic Hyperuricemia and
Prevention of Vascular Disease: A Decision Analytic
Approach 
Roopa Akkineni, Stephanie Tapp, Anna N.A. Tosteson, Alexandra Lee, Katherine L. Miller,
Hyon K. Choi, Yanyan Zhu, and Daniel A. Albert

ABSTRACT. Objective. Elevated serum urate may be associated with an increase in cardiovascular (CV) disease.
Treating asymptomatic hyperuricemia with urate-lowering drugs such as allopurinol may reduce CV
events. We designed a model to simulate the effect of allopurinol treatment on reducing frequency
of CV events in individuals with elevated serum urate. 
Methods. A Markov state-transition model was constructed to assess occurrence of vascular events
(VE) for 2 treatment strategies: treat all asymptomatic individuals with allopurinol (Treat All) and
treat only if symptomatic (Treat Symptomatic). The model simulated a hypothetical cohort of
50-year-old men with different serum urate concentrations (6–6.9 and 7–7.9 mg/dl) followed over
20 years. Age and sex subgroups were analyzed. Model inputs were derived from current literature.
The main outcome measures were mean number of VE and mean number of deaths from VE.
Results. For 50-year-old men with serum urate 6.0–6.9 mg/dl, individuals in the Treat All strategy
have a 30% reduction in the mean number of VE compared to those in the Treat Symptomatic
strategy (mean VE: 0.078 vs 0.11), and a 39% reduction in mean number of deaths from VE. At
higher serum urate concentrations, treatment is more effective in reducing the mean number of VE
and mean number of deaths from VE (38% event, 54% death). Results for women show similar
trends. As the cohort ages, treatment has less effect on reducing VE. The number needed to treat to
prevent 1 event is 20 (men, 7.0–7.9 mg/dl).
Conclusion. The model predicts that treating asymptomatic hyperuricemia with allopurinol is most
effective in preventing VE at a serum urate above 7.0 mg/dl in men and 5.0 mg/dl in women. 
(First Release March 1 2014; J Rheumatol 2014;41:739–48; doi:10.3899/jrheum.121231)
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The end product of purine metabolism in humans is uric
acid. Hyperuricemia is diagnosed at concentrations above
its solubility in serum, which is 6.8 mg/dl1. Hyperuricemia
is generally caused by decreased excretion of urate or
increased production of urate or a combination of the 2
mechanisms, resulting in an increased risk of gout and
nephrolithiasis1. In the early 1980s uric acid was removed
from routine blood chemical screening panels because only
a small portion of individuals with hyperuricemia developed
symptoms, and treatment with allopurinol was associated
with significant morbidity and mortality2. A recent study
reported that 21.4% of US adults are hyperuricemic3;
however, routine screening is not performed on asympto-
matic individuals, nor are they recommended for
urate-lowering therapy. 

The link between elevated serum urate and cardiovas-
cular (CV) diseases such as hypertension (HTN), coronary
heart disease, peripheral vascular disease, and stroke was
observed periodically over the years but has been largely
ignored because of the absence of a causal mechanistic
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explanation4,5,6,7,8. In adult patients with untreated HTN,
25% to 40% have hyperuricemia (> 6.8 mg/dl), and at
higher serum urate levels, that percentage increases drama-
tically9,10. A metaanalysis concluded that hyperuricemia is
associated with an increased risk for incident HTN where
every 1 mg/dl increase in serum urate raised the risk for
incident HTN by 13%11. Hyperuricemia is thought to be an
independent risk factor for reduced survival among patients
with heart failure and elevated risk of coronary heart disease
and stroke12,13,14. Hence the management of hyperuricemia
in its asymptomatic state would lead to a more compre-
hensive primary prevention strategy for coronary and
cerebrovascular disease.

In our study, we designed and analyzed a Markov
state-transition model to determine whether treatment of

asymptomatic hyperuricemia with allopurinol compared to
limited treatment only for symptomatic patients would
reduce the risk of vascular events (VE) and consequent
mortality over a 20-year period. 

MATERIALS AND METHODS
We developed a decision model to capture the incidence and mortality from
VE in persons with hyperuricemia. Our model compares 2 treatment
options: treat all patients with allopurinol (Treat All) and treat with allo-
purinol only if a patient presents with symptoms of gout or nephrothiliasis
(Treat Symptomatic). Each strategy arm contains a Markov model that
tracks whether a patient has a VE and mortality that results from having had
a VE (Figure 1). The model was analyzed by performing Monte Carlo
microsimulations using TreeAge Pro 201315. We performed 30 Monte
Carlo microsimulations of 100,000 patients each to arrive at the average
number of patients that have a VE and the average number of VE that result
in death. Our base case analysis simulates 50-year-old males with asymp-
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Figure 1. State-transition diagram of outcome for individuals with asymptomatic hyperuricemia. The shaded
boxes represent the 2-state Markov model. As patients traverse the model, they may pass through the white
boxes where events of interest are tracked. VE: vascular events.
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tomatic hyperuricemia (defined as a serum urate concentration of 6.0–6.9
mg/dl) over 20 years. Other comorbidities such as renal impairment or
metabolic syndrome were not addressed because of the complexity of those
multiple conditions acting synergistically or being additive or antagonistic. 

We defined a moderate serum urate group (6.0–6.9 mg/dl in men,
4.0–4.9 mg/dl in women) and a high serum urate group (7.0–7.9 mg/dl
men, 5.0–5.9 mg/dl women). We performed additional microsimulations to
explore the effects of changing the cutoff for hyperuricemia (from
moderate to high) in 50-year-old males. We changed the start-age of the
male patients (from 50 to 60 and 70) in the moderate serum urate concen-
tration group. We also performed a similar analysis for women. 
Treatment strategies. In the Treat All strategy, all individuals have hyper-
uricemia and receive allopurinol to reduce their serum urate level. During
the first year of treatment, persons are at risk of experiencing an adverse
drug reaction, which they may or may not survive. A patient who survives
a drug reaction is no longer treated with allopurinol. The patient’s serum
urate level is assumed to remain elevated for the remainder of the
simulation. This individual will go on to face increased risk of a VE and
decreased survivability following a VE. For a patient who does not
experience an adverse drug reaction, we assume that a therapeutic dosage
that lowers serum urate to a level within the normal range will be achieved
within the first year or the patient will discontinue allopurinol. Once a
patient’s serum urate has been lowered by allopurinol, we assume that the
patient’s serum urate levels will remain in the normal range for the
remainder of the simulation. These patients go on to experience average
risk for VE and average risk for VE death. When allopurinol fails to lower
a patient’s serum urate level within the first year, the patient is assumed to
remain hyperuricemic for the remainder of the simulation. This individual
will go on to face increased risk of suffering a VE and decreased surviv-
ability following a VE. 

In the Treat Symptomatic strategy, individuals with hyperuricemia
receive treatment only if they develop gout or nephrothiliasis. Upon
receiving treatment, these individuals move through the model similarly to
persons in the Treat All strategy. Those who do not develop gout are
assumed to remain hyperuricemic. These patients will go on to face
increased risk of a VE and decreased survivability following a VE. 
Model assumptions.We assume that individuals with asymptomatic hyper-
uricemia reach a therapeutic dosage of allopurinol within the first year of
receiving the drug and that the drug will continue to keep uric acid levels
within a low range (< 6.0 mg/dl men, < 4.0 mg/dl women) in subsequent
years16. If allopurinol fails to lower the individual’s uric acid level within
the first year, it is assumed that treatment has failed and the individual will
remain hyperuricemic. Those who are sensitive to allopurinol are assumed
to have a drug reaction within the first year of treatment16. If no drug
reaction occurs within the first year, they are assumed to tolerate the drug
over the entire course of treatment. Individuals in the Treat Symptomatic
strategy who do not develop gout (and never receive treatment) are all
assumed to remain hyperuricemic and face increased risk of a VE and
decreased survivability following a VE.
Model inputs.Model inputs were estimated from published literature (Table
1). Age-specific mortality was derived from 2008 US life tables17.
Probabilities of age-specific vascular events were derived from the US
Framingham Heart Study and the US National Health and Nutrition
Examination Survey (NHANES) cross-sectional study data18,19,20,21,22,23.
The data for VE were split into 2 categories of increasing serum urate
concentrations (moderate and high). The lack of data limited our analysis
of higher serum urate concentrations in women. The incidence and
mortality associated with VE in the referent group (< 6.0 mg/dl for men, 
< 4.0 mg/dl for women) were incorporated in the model for individuals who
attain serum urate concentrations below the moderate and high range. 
Probabilistic sensitivity analysis (PSA). To understand the effect of variable
uncertainty on model results, we undertook PSA involving 10,000 samples,
each consisting of 100,000 microsimulation trials of 50-year-old males
(similarly females). Background mortality, probability of VE in the referent

group, and probability of death from VE in the referent group were not
varied. The probability of death from VE with increased serum urate was
obtained by multiplying the probability of death from VE in the referent
group by a relative risk sampled from a uniform distribution ranging from
1 to 2. The probability of suffering a VE at increased serum urate was
obtained by multiplying the probability of suffering a VE in the referent
group by a relative risk sampled from a uniform distribution ranging from
1 to 3. Other probabilities were varied according to distributions listed in
Table 1.
Number needed to treat (NNT). A separate analysis examined an NNT to
prevent CV and neurovascular events, which were calculated using model
results for mean number of VE in the Treat All strategy compared to the
Treat Symptomatic strategy. 

RESULTS
For our base-case analysis, we used our model to simulate
20 years of data for 30 separate 100,000-person cohorts of
50-year-old males (Table 2). From these simulations, we
calculated the mean number of VE and the mean number of
deaths resulting from VE. The results indicate that treating
all hyperuricemic patients with allopurinol (Treat All
strategy) lowers the incidence of VE and mortality from VE
in men with moderate serum urate levels compared to
treating only individuals with gout or nephrolithiasis. The
mean number of VE is lowest in the Treat All strategy (mean
0.078 events) compared to the Treat Symptomatic strategy
(mean 0.11 events). The mean number of deaths from VE is
also lowest in the Treat All strategy. Table 2 shows that
individuals who receive treatment regardless of symptoms
have a 30% reduction in VE compared to those who are
treated only when symptoms occur. Treating men with
moderate serum urate levels also leads to a 39% reduction in
the mean number of deaths from VE compared to treating
only when symptomatic. 
Higher serum urate level. We performed an additional
analysis for 50-year-old males with a higher cutoff for
hyperuricemia (serum urate level increased from 6.0–6.9
mg/dl to 7–7.9 mg/dl). At this higher cutoff for hyper-
uricemia, treating all patients regardless of symptoms
reduces the mean number of VE by 38% compared to
treating only symptomatic patients (0.081 vs 0.13; Table 2).
Additionally, treating all men with high serum urate levels
leads to a 54% reduction in mean number of deaths from VE
as compared to treating only symptomatic men. 
Increasing starting age. We examined the effect of
increasing the start age of the cohort from 50 years to 60 and
70 years. The Treat All strategy consistently reduces the
mean number of VE, but the magnitude of the reduction
decreases as the start age of the cohort increases. Mortality
increases as members of the cohort age. Death acts as a
competing risk, resulting in fewer VE. For example, in men
with moderate serum urate levels, when the starting age of
the cohort is increased from 50 to 70, the reduction in mean
number of VE for the Treat All strategy compared to the
Treat Symptomatic strategy falls from 30% to 15% (mean
0.125 vs 0.147; Table 2).
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Analysis by sex. We used our model to simulate a cohort of
hypothetical 50-year-old females. The data needed to
estimate incidence and mortality for VE in women with
hyperuricemia is weaker and not as readily available as the
data for men. This is especially true for higher levels of
serum urate. Women have a lower cutoff value for hyper-
uricemia usually defined as urate levels > 6.0 mg/dl. We
examined women with serum urate 4.0–4.9 mg/dl
(moderate) and 5.0–5.9 mg/dl (high). Results are shown in

Table 2. At the lower levels of serum urate examined in this
model, the results for women show trends similar to the
results for men. Women appear to have a reduced effect
from allopurinol treatment compared to men, but there is
still an observed benefit from treatment even at the lower
levels of serum urate. They also tend to experience fewer
total number of events and deaths compared to men in both
treatment strategies. In the highest serum urate group
(5.0–5.9 mg/dl), treating all women with allopurinol leads to
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Table 1. Probability estimates used in the model.

PSA: probabilistic sensitivity analysis; CDC: US Centers for Disease Control; N/A: not applicable.
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a 30% and 59% reduction in the mean number of VE and
mean number of deaths from VE compared to treating
women only when symptomatic. 
Sensitivity analyses.We performed several 1-way sensitivity
analyses to evaluate the effects of variability on the mean
number of VE for the Treat All strategy compared to the
Treat Symptomatic strategy. The Treat All strategy always
produces fewer VE than the Treat Symptomatic strategy
unless one of the following occurs: (1) the probability of
developing gout is 100% (Figure 2); (2) the probability that
allopurinol successfully lowers serum urate is 0 (Figure 3);
or (3) the probability of vascular event at a high/moderate
level of serum urate is equal to the probability of vascular
event at the referent serum urate level (Figure 4). The model
was not sensitive to changes in the probability of reaction to
allopurinol (Figure 5).

In the probabilistic sensitivity analysis, the Treat All

strategy always produced fewer VE than the Treat
Symptomatic strategy. For men, the mean number of VE in
the Treat All strategy was 0.081 versus 0.141 in the Treat
Symptomatic strategy (RR 0.57). Results were similar for
women and are summarized in Table 3.

The NNT statistic was calculated for allopurinol strat-
ified by serum urate levels and sex for outcomes of heart
disease incidence over a 20-year period (Table 4). The
numbers ranged from 20 men with 7.0–7.9 mg/dl serum
urate receiving treatment to avoid 1 incidence of heart attack
to 67 women at 5.0–5.9 mg/dl serum urate receiving
treatment to avoid the same. 

DISCUSSION 
Based on our results, treating all patients with asymptomatic
hyperuricemia (at urate concentrations above 6.0 mg/dl in
men and above 4.0 mg/dl in women) with allopurinol has
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Table 2. Mean number of vascular events and mean number of deaths from vascular event for men and women by serum urate concentration and
age.  Results based on 20-year followup.
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the potential to reduce the incidence and mortality
associated with VE. When the cutoff for hyperuricemia in
men is increased to ≥ 7.0 mg/dl, then an even greater
reduction in VE is achieved. The analysis in women was
limited by a lack of data available for higher serum urate
concentrations. It would be reasonable to assume, based on
the model trends, that women with very high levels of serum
urate would observe increased benefit from allopurinol
therapy for asymptomatic hyperuricemia. The risk of VE is
thought to increase continuously on a linear scale. This is

the reason we observe benefit in treating patients with allo-
purinol therapy, even at serum urate levels lower than the
defined hyperuricemia cutoff in both men and women. 

The increased risk of CV disease observed in the Western
populations appears to correlate with increased urate levels.
Hyperuricemia appears to precede the development of HTN,
which indicates that it is not simply a result of HTN7. Many
studies concur that hyperuricemia has a strong effect on
HTN development within 5 years, independent of the other
risk factors involved24,25,26,27,28,29. Data from a trial
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Figure 2. Results of sensitivity analysis performed on the model for men with serum urate
level of 6.0-6.9 mg/dl. The graph shows the probability of developing gout. The Treat All
strategy is preferred to the Treat Symptomatic strategy as long as the probability of devel-
oping gout is < 1. VE: vascular events.

Figure 3. Results of sensitivity analysis performed on the model for men with serum urate
level of 6.0-6.9 mg/dl. The graph shows the probability that allopurinol will be successful in
lowering serum urate. The Treat All strategy is preferred to the Treat Symptomatic strategy as
long as the probability of allopurinol success is > 0. VE: vascular events.
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involving 30 adolescents with hyperuricemia and HTN is
suggestive of a relationship between uric acid and
early-onset primary HTN. For patients undergoing allo-
purinol therapy, blood pressure became normal in 86% of
the participants, who dropped serum urate levels to < 5
mg/dl, as compared with 3% among the ones receiving
placebo30. These results showed allopurinol to be as
effective as most conventional antihypertensive agents30.

Results from the Rotterdam study, Multiple Risk Factors

Intervention Trial, and various studies revealed that both
hyperuricemia and gout were independent risk factors for
myocardial infarction and that individuals with high serum
urate levels had increased risk of stroke, CV disease, fatal
coronary heart disease, and nonfatal myocardial infarc-
tion31,32,33. Metaanalyses suggested that elevated serum
urate irrespective of symptoms might increase the morbidity
and mortality from coronary heart disease and stroke
compared to normouricemic individuals12,13. In line with
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Figure 4. Risk of a vascular event (VE) in men with serum urate level of 7.0–7.9 mg/dl
compared to serum urate level < 6.0 mg/dl. The Treat All strategy is preferred to the Treat
Symptomatic strategy as long as the risk of vascular event in the high group is greater than the
risk of vascular event in the referent group.

Figure 5. Probability of reaction to allopurinol: The Treat All strategy is preferred to the Treat
Symptomatic strategy for any probability of drug reaction.
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these conclusions, our analysis suggests that treatment with
allopurinol might be beneficial for individuals with high
serum urate concentrations. 
Benefits compared to statin interventions. Hyperuricemia is
often embedded in a matrix of CV risk factors commonly
referred to as the metabolic syndrome. Parsing out the
relationship of hyperuricemia to the increased VE rate is a
difficult epidemiologic problem. A clinical trial using allo-
purinol may shed light on these relationships and specifi-
cally address the issue of whether hyperuricemia apart from
HTN and renal insufficiency leads to vascular disease.
Research suggests that hyperuricemia has a strong associ-
ation with peripheral, carotid, and coronary vascular disease,
stroke development, and vascular dementia3,31,34,35,36. Some
of the benefits reported for drugs such as losartan and
atorvastatin have been attributed to lowering urate
levels7,37,38. Statin therapy, which is generally acknow-
ledged to be effective in reducing CV disease morbidity,
provides similar benefits. The data from the Cochrane
review, which looked at the evidence for statins for primary
prevention, found that total mortality had a relative risk

reduction of 17%; the risk of heart attacks was reduced by
28%39. In low-risk patients, 60 people have to take a statin
for 5 years for 1 to avoid a heart attack40. Our analysis
suggests that treating asymptomatic hyperuricemia provides
comparable benefits. The NNT figures for allopurinol
appear similar to statin therapy, where the NNT for low-risk
individuals for heart disease with high serum urate range
from 20–69 persons followed over 20 years (Table 4). 
Study limitations. To our knowledge, this is the first model
to compare treatment strategies in managing asymptomatic
hyperuricemia to prevent longterm CV and neurovascular
morbidity and mortality. The estimates used in our model
and those used to generate the NNT are based on available
cross-sectional observational data and consequently any
associations of causality cannot be assumed. Secondary data
analysis has some pitfalls. Data from NHANES and the
Framingham Heart Study on the morbidity and mortality
from VE for the different serum urate concentrations are
inconsistent. Our model includes data from both of these
large studies and hence is subject to a possible neutralization
effect of the results. Given that our study was an exercise in
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Table 3. Results of probabilistic sensitivity analysis.  Relative risk of vascular event (VE) for the moderate group compared to the referent group,
relative risk of death from VE for the moderate group compared to the referent group, probability of adverse drug reaction, probability that drug
reaction results in death, probability of drug success, and the probability of developing gout were sampled from distributions listed in Table 1.  The
probabilities for a VE or dying from a VE in the referent group were not varied, nor was the probability of death from causes other than a VE.

Table 4. Number needed to treat (NNT) for allopurinol to prevent incidence of 1 vascular event (VE) and
sample size estimates for trial using allopurinol to prevent incidence of VE. Results based on 20-year
followup.
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microsimulation modeling, we do not expect our results to
be used as guidelines for clinical practice; however, they
could be used to design a clinical trial. 

Although it would be interesting to analyze the number
of VE and deaths at very high levels of serum urate concen-
trations, inadequate data on patients at risk for coronary and
neurovascular comorbidities beyond serum urate of 8.0
mg/dl in men and 6.0 mg/dl in women limited the analysis. 

In the clinical setting, if patients respond poorly to allo-
purinol treatment, then they try other urate-lowering drugs
until symptoms are resolved. Alternative therapies for
asymptomatic hyperuricemia have not been modeled
because of the complexity of scenarios. In our model it is
assumed that those who fail allopurinol treatment show no
effect past the maximum therapeutic dose. In individuals
who switch to alternative therapies, the treatment of hyper-
uricemia would be more effective and the observed
longterm benefit would be larger. 

Since the removal of serum urate screening from routine
blood chemical panels, testing for asymptomatic hyper-
uricemia is solely at the healthcare provider’s discretion,
and most providers generally refrain from treating patients
with serum urate levels above 7.0 mg/dl if they do not
exhibit any gout or kidney stones. However, prevalence of
gout and hyperuricemia has been increasing in the past few
years. In men 65–75 years old, prevalence of gout and
hyperuricemia increased from 36 cases per 1000 in 1990 to
45 cases per 1000 in 1999, and this increase was doubled for
men over 75 years41. Given the upward trend in the preva-
lence of gout and hyperuricemia along with the likely
association between high serum urate and CV disease risk,
it might be beneficial to treat patients with serum urate
levels above 7.0 mg/dl regardless of symptoms. Routine
screening of serum urate followed by appropriate
management of hyperuricemia might be an effective
approach in preventing longterm VE associated with high
serum urate concentrations. 
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