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The authors quantified the impact of hypertension on gout
incidence in middle-aged white and African American men
and women. The Atherosclerosis Risk in Communities
Study (ARIC) was a prospective population-based cohort
that recruited patients between 1987 and 1989 from 4 US
communities. Using a time-dependent Cox proportional
hazards model, the authors estimated the adjusted hazard
ratio (HR) of incident gout by time-varying hypertension
and tested for mediation by serum urate level. There were
10,872 participants among whom 45% had hypertension
during follow-up; 43% were men and 21% were African
American. Over 9 years, 274 (2.5%) participants devel-
oped gout (1.8% of women and 3.5% of men). The unad-
justed HR of incident gout was approximately 3 times

(HR, 2.87; 95% confidence interval [Cl], 2.24-3.78) greater
for those with hypertension. Adjusting for confounders
resulted in an attenuated but still significant association
between hypertension and gout (HR, 2.00; 95% CI, 1.54—
2.61). Adjustment for serum urate level further attenuated
but did not abrogate the association (HR, 1.36, 95% CI,
1.04-1.79). There was no evidence of effect modification
by sex (P=.35), race (P=.99), or obesity at baseline
(P=.82). Hypertension was independently associated with
increased gout risk in middle-aged African American and
white adults. Serum urate level may be a partial interme-
diate on the pathway between hypertension and gout. J
Clin Hypertens (Greenwich). 2012; 14:675-679. ©2012
Wiley Periodicals, Inc.

There is a high prevalence of hypertension in the Uni-
ted States' and this chronic condition is associated
with morbidity and mortality.> One condition associ-
ated with hypertension is gout, a metabolic disorder
characterized by an inflammatory arthritis. Previous
studies found that hypertension is associated with a
2- to 3-fold increase in the risk of gout.*” However,
these previous studies have been limited in their ability
to draw inference to broader populations. They were
unable to generalize the results to the US population
because these studies involved only a small number of
patients with gout,” included only men,*” or included
only white participants.® Many of these studies have
focused on the association of a baseline history of
hypertension,*” rather than time-varying measures of
both treated and untreated hypertension. The preva-
lence of hypertension increases with age and thus
studying a time-fixed measure of hypertension in a
longitudinal cohort will misclassify participants as
being normotensive. Previous studies have not adjusted
for factors such as kidney function,*®*® which may
explain part of the association of hypertension and
gout. Additionally, other studies have adjusted for
diuretic use when assessing the impact of hyperten-
sion.®® However, diuretics are first-line treatment for
hypertension and thus are on the causal pathway
between hypertension and gout. Adjusting for diuretic
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use measures the direct effect of hypertension on
the incidence of gout but does not confound this
association.

In this study, we addressed the previous gaps in the
literature surrounding the association of hypertension
and gout. We quantified the hazard of incident gout
by hypertension and hypertension risk factors during 9
years of follow-up in a longitudinal population-based
cohort of middle-aged adults. Additionally, we tested
whether serum urate levels mediated the association of
hypertension and gout.

MATERIALS AND METHODS

Setting and Participants
The Atherosclerosis Risk in Communities Study
(ARIC) was a prospective population-based cohort
study of 15,792 individuals recruited from 4 US com-
munities (Washington County, Maryland; Forsyth
County, North Carolina; Jackson, Mississippi; and the
suburbs of Minneapolis, Minnesota). The institutional
review board of the participating institutions approved
the ARIC study protocol and study participants pro-
vided written informed consent. Participants aged 45
to 64 years were recruited to the cohort in 1987 to
1989. This cohort was established to study the natural
history of atherosclerosis, and consisted of 1 baseline
visit (visit 1) between 1987 and 1989 and 3 follow-up
visits (visits 2, 3, and 4) administered 3 years apart.
This analysis was limited to participants who were
Caucasian or African American; few participants
reported other races (n=48). Gout status was ascer-
tained at visit 4. We excluded participants who did
not report their gout status at visit 4 (n=4269) and
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those with prevalent gout at cohort entry, defined as
the self-report of gout onset prior to the baseline visit
(n=419). Addltlonally, we limited the population to
those with no missing data on baseline hypertension
or hypertension risk factors (n=184). Participants who
were older, had diabetes, lower education, and higher
serum urate were less likely to attend the fourth visit.
However, baseline hypertension, higher body mass
index (BMI), lower estimated glomerular filtration rate
(eGFR), use of an antihypertensive medication (includ-
ing diuretic use), or sex were associated with not
attending visit 4 and responding to the gout query.

Exposure: Hypertension

At each visit, technicians used a random-zero sphygmo-
manometer to take 3 blood pressure (BP) measures. An
average of the second and third measurements was
recorded for the first 3 visits and the first and second
measurement for the fourth visit. Hypertension was
defined as the self-report of medication to treat hyper-
tension or a measured systolic BP >140 mm Hg or
diastolic BP >90 mm Hg. Participants with diabetes
(fasting glucose >126 mg/dL) or chronic kidney disease
(<60 mL/min/1.73m?) were considered to have diabe-
tes if their measured systolic BP was >130 mm Hg or
diastolic BP >80 mm Hg or the self-report of medica-
tion to treat hypertension. If hypertension status was
missing at visit 2 or 3, hypertension status was carried
forward from the previous visit. Hypertension prior
to gout onset, ascertained at visits 1, 2, and 3, was
considered the exposure of interest.

Outcome: Incident Gout

At visit 4, participants were asked, “Has a doctor ever
told you that you had gout?” Participants who
answered, “Yes,” to the gout query then reported the
age of gout diagnosis. The outcome of interest was
incident gout based on self-report. Incident gout was
considered to be onset of gout after baseline. Our pre-
vious research suggests that self-report of a physician
diagnosis of gout is a reliable (3-year reliability
k=0.73) and sensitive (sensitivity=84%) measure of
gout.”

Other Measures
Other covariates of interest that were assessed at base-
line included age (in years), sex (male or female), race
(white or African American), alcohol intake (g/wk),
and BMI (kg/m?). eGFR was estimated by using the
Chronic Kidney Dlsease Epidemiology Collaboration
(CKD-Epi) equation'® and categorlzed as >90, 60 to
90, or <60 mL/min/1.73m?. These Varlables were
considered to be risk factors for both hypertension
and gout and, thus, potential confounders. The catego-
ries were chosen to reduce residual confounding.
Serum urate concentrations were measured with the
uricase method at visits 1 and 2 in mg/dL. The
reliability coefficient of serum urate was 0.91, and the
coefficient of variation was 7.2% in a sample of 40

individuals with repeated measures taken at least
1 week apart.!' In the complete ARIC cohort, the
mean serum urate levels were 0.36 mg/dL hlgher at
visit 2 due to laboratory drift compared with visit 1
after adjustment for age at the visit. Therefore, we
subtracted 0.36 mg/dL from the visit 2 serum urate
levels to make them comparable to visit 1 values to
correct for laboratory drift.

Statistical Methods

First, the mean and standard deviation (SD) as well as
the prevalence of the covariates were calculated and
compared by baseline hypertension. The mean of con-
tinuous variables in patients with hypertension was
compared with the mean of those who did not have
hypertension using a ¢ test; the prevalence of categori-
cal factors was compared using chi-square tests.

Using a time-dependent Cox proportional hazards
model, the hazard rate ratio (HR) and 95% confidence
intervals (CIs) of incident gout by time-varying hyper-
tension status (at visit 1, 2, and 3) was estimated. Age
was used as the time scale and we allowed for late
entries by age at cohort enrollment. All confounding
variables were considered time-fixed at baseline. Mod-
els were adjusted for confounders of the association of
hypertension and incident gout including sex, race,
BMI, alcohol intake, and categorical eGFR. The unad-
justed cumulative incidence functions were plotted
using a Kaplan-Meier approach. Proportional hazards
assumptions were confirmed by visual inspection
of the complimentary log-log plots and Schoenfeld
residuals.

We tested whether there was evidence that serum
urate levels mediated the association of hypertension
and incident gout through a qualitative assessment.
We added visit 2 serum urate level to the adjusted
Cox proportional hazards model to test for mediation.
If the effect estimate of hypertension was closer to the
null after including serum urate level in the model,
then serum urate was considered to be a partial media-
tor. Furthermore, if the effect estimate of hypertension
was null (HR=1), then this was considered to be full
mediation.

We used sensitivity analyses to further investigate
the association of hypertension and incident gout
among subgroups. We limited the study population
to those: (1) without missing hypertension status at
visit 2 or 3, (2) without diuretic use, (3) adjusting for
diuretic use, and (4) without baseline hyperuricemia
(>7.0 mg/dL).

All analyses were performed in SAS, version 9.3
(SAS Institute, Cary, NC).

RESULTS

Study Population Characteristics

A total of 10,872 ARIC participants met the study cri-
teria. The study population was 43% men and 21%
African American. The mean age at cohort entry was
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54 years (SD=5.7) and the mean BMI was 27 kg/m”
(SD=5.1). During 9 years of follow-up, 274 (2.5%)
participants developed gout; 1.8% of women and
3.5% of men.

Table I lists the study population characteristics of
participants by baseline hypertension status. Partici-
pants with hypertension were older (55.2 vs 53.2
years, P<.001) and more likely to be male (44% vs
42%, P=.04) and African American (35% vs 15%,
P<.001) than those without hypertension. Addition-
ally, participants with hypertension had a higher BMI
(29.4 vs 26.5 kg/m?, P<.001) and were more likely to
have glomerular filtration <60 mL/min (5% vs 1%,
P<.001). The mean BP values were in the normal
range for those with hypertension since some hyper-
tensive participants received treatment baseline.

There were 4869 (45%) participants who had
hypertension during follow-up. The prevalence of
hypertension increased at each visit (Table II).

Association of Hypertension and Gout

The data in Table I suggest that incident gout occurred
more frequently in participants with hypertension dur-
ing 9 years of follow-up compared with those without
hypertension (4.6% vs 1.5%, P<.001). The cumula-
tive incidence of gout was higher for participants with
hypertension (P<.001) (Figure). There was an increase
in the prevalence of hypertension for both participants
who developed gout and those who were free from
gout. Furthermore, there was a higher prevalence of
hypertension for participants who developed gout at
each visit (Table II).

Table III lists the unadjusted and adjusted HR of
incident gout by time-varying hypertension. The unad-
justed HR of incident gout was 3 times (HR, 2.87;
95% CI, 2.24-3.78) greater for those with hyperten-
sion compared with those without hypertension. After
adjusting for sex and race, hypertension was associ-
ated with an increased risk of developing gout (HR,
2.49; 95% CI, 1.93-3.21). Additionally, adjusting for
confounders resulted in an attenuated but still signifi-
cant association between hypertension and the devel-
opment of gout (HR, 2.00; 95% CI, 1.54-2.61). After
adjusting for serum urate level, hypertension was mar-
ginally associated with incident gout (HR, 1.36, 95%
CI, 1.04-1.79), suggesting that serum urate may be a
partial mediator on the pathway between hypertension
and incident gout.

The hypertension risk factors were significantly asso-
ciated with gout in the adjusted model. The strongest
hypertension risk factor that was also associated with
gout was eGFR <60 mL/min. However, after adjust-
ment for serum urate level, the association of these
risk factors and gout were all attenuated, suggesting
that serum urate mediates the association between
hypertension risk factors and gout.

There was no evidence of effect modification of the
association of hypertension and gout by sex (P=.35),
race (P=.99), or obesity at baseline (P=.82).
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TABLE I. Baseline Gout Risk Factors and Number of
Gout Cases by Baseline Hypertension in the
Atherosclerosis Risk in Communities Study
(N=10,872)
No Hypertension Hypertension
Baseline Risk Factors (n=6003) (n=4869)
Male sex, No. (%) 3260 (44) 1449 (42)*
Mean age (SD), y 53.2 (5.6) 55.2 (5.6)°
African American 1109 (15) 1225 (35)°
race, No. (%)
Mean blood pressure,
mm Hg (SD)
Systolic 113 (12.1) 133 (18.5)°
Diastolic 70 (8.5) 80 (11.2)°
Mean body mass index, 26.5 (4.5) 29.4 (5.7)°
kg/m? (SD)
eGFR, mL/min, No. (%)
<60 59 (1) 158 (5)°
60-90 2975 (40) 1527 (44)
>90 4381 (59) 1772 (51)
Mean alcohol intake, 40.4 (83) 39.8 (95)
g/wk, (SD)
Mean serum urate, 5.7 (1.4) 6.4 (1.5)°
mg/dL, (SD)
Incident gout, No. (%) 114 (1.5) 160 (4.6)°
Abbreviations: eGFR, estimated glomerular filtration rate; SD,
standard deviation. P value <.05 comparing hypertension with no
hypertension. PP value <.001 comparing hypertension with no
hypertension.

TABLE Il. Prevalence of Hypertension Status at
Each Visit in the Atherosclerosis Risk in
Communities Study (N=10,872)

Visit 1 Visit 2 Visit 3
Overall, % 32 34 40
Gout-free participants, % 31 33 39
Participants with gout, % 59 64 70

Sensitivity Analysis

Results did not change when we adjusted the final
model for time-varying BP and time-varying BMI as
confounders. Results were similar, although slightly
stronger, when the analysis was restricted to partici-
pants without missing hypertension at visit 2 or 3
(confounder-adjusted HR, 2.10; 95% CI, 1.60-2.74;
confounder- and serum urate—adjusted HR, 1.41; 95%
CL, 1.07-1.85). Additionally, restricting the analysis
to participants without diuretic use hypertension was
associated with incident gout (confounder adjusted
HR, 1.61; 95% CI, 1.14-2.29). Hypertension was also
associated with incident gout after adjusting for diure-
tic use (confounder-adjusted HR, 1.50; 95% CI, 1.12-
2.02). Finally, among participants without baseline
hyperuricemia, hypertension was associated with
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FIGURE. Cumulative incidence of gout by baseline hypertension.
P value for log-rank test <.001.

incident gout (confounder-adjusted HR, 1.61; 95% CI,
1.02-2.55).

DISCUSSION
In a large prospective population-based study of mid-
dle-aged African American and white adults, patients
with hypertension were at a 2-fold higher risk of
developing gout. The association of hypertension and
gout was independent of gout risk factors including
kidney function. Additionally, our results suggest that
serum urate level may be a partial mediator of hyper-
tension and gout. Finally, hypertension increased the
risk of gout regardless of sex, race, and obesity status.
We were able to extend the previous findings that
hypertension was associated with gout from cohorts
that were limited to men or participants of white race
to a population-based cohort. The magnitude of the
association, approx1mately a 2- fold increase in risk,
was smnlar to previous studies.®® Campion and col-
leagues® reported that hypertenswn was not associated
with gout after adjusting for serum urate in men.
Similarly, our results suggest that serum urate is a

mediator of the association of hypertension and gout.
However, we did not observe that the presence of
hypertensmn nullified the association of African Amer-
ican race and gout, as was observed in a previous
study.” These differences in results may be due to the
difference in the age of the cohorts, with ARIC being
a study of adults at middle-age rather than at early
adult life.

The biological mechanism linking hypertension and
gout is thought to be through kidney function. The
excretlon of uric acid occurs primarily via the
kidney.'? Hypertension is thought to be the cause of
glomerular arteriolar damage and glomerulosclerosis.
This will then lead to renal insufficiency and hyperuri-
cemia. However, the directionality of hypertension
and hyperurlcemla is currently debated and it is
possible that the relationship is bi-directional.'?
Additionally, hypertension is a component of the
metabolic syndrome, Whlch has been associated with
the development of gout.'

ARIC was a well-characterized cohort with very
high response rates. This is one of the largest biracial
studies of gout, which included both male and female
participants with gout. Additionally, we used a broad
definition of hypertension that included both measured
BP and treatment. We were able to control for poten-
tial confounders of the association of hypertension and
gout such as obesity, alcohol intake, and kidney func-
tion. Additionally, our results were robust to sensitiv-
ity analyses.

STUDY LIMITATIONS

The main limitation of our study was that gout was
self-reported by participants at visit 4. However, our
previous work has suggested that self-reported gout
and age of onset is both sensitive and reliable.” Partici-
pants had to survive until visit 4 and be healthy
enough to attend the clinic visit to be included in this
study. However, participants who did not attend visit
4 and respond to the gout query were more likely to
be older and have more comorbidities and thus would

TABLE lll. Hazard Rate Ratio of Incident Gout by Time-Varying Hypertension Status and Hypertension Risk
Factors in the Atherosclerosis Risk in Communities Study (N=10,872)
Model 1 Model 2 Model 3 Model 4

Hypertension, time-varying 2.87 (2.24-3.78) 2.49 (1.93-3.21) 2.00 (1.54-2.61) 1.36 (1.04-1.79)
Male sex 2.12 (1.66-2.71) 2.07 (1.60-2.68) 1.09 (0.83-1.42)
African American race 2.33 (1.81-3.00) 2.31 (1.78-3.00) 1.78 (1.37-2.32)
Body mass index, 5 kg/m? 1.39 (1.25-1.54) 1.22 (1.09-1.36)
High alcohol intake 2.50 (1.77-3.51) 2.00 (1.42-2.82)
Estimated GFR, mL/min

<60 2.43 (1.50-3.94) 0.85 (0.51-1.43)

60-90 1.15 (0.89-1.48) 0.80 (0.62-1.04)

>90 Reference Reference
Serum urate, mg/dL 1.93 (1.80-2.06)
Abbreviation: eGFR, estimated glomerular filtration rate.
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be more likely to develop gout than their healthy
counterparts who attended the visit. Therefore, we
would expect that our observed association between
hypertension and gout be attenuated due to loss to fol-
low-up. We could not rule out the possibility that
serum urate is a confounder and not a mediator of this
association. Although serum urate has been found to
predict the onset of hypertension,'® a randomized con-
trolled trial would be necessary to determine the direc-
tionality of the uric acid and hypertension association
in middle-aged adults. Our analysis was not designed
to test whether the urate level was a consequence of
changing hypertension.

CONCLUSIONS

The results from this population-based, longitudinal
study support the hypothesis that hypertension
increases the risk of gout in African American and
white men and women. As the prevalence of hyperten-
sion continues to rise in both developed and develop-
ing countries,'® it is important for public health
professionals to consider the debilitating nature of
gout as a consequence of hypertension. The impact of
reducing the prevalence of hypertension and hyperten-
sion risk factors on the incidence of gout warrants
further investigation.
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