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Uric Acid as a Marker for Renal
Dysfunction in Hypertensive Women on
Diuretic and Nondiuretic Therapy

Rodolfo. L. Borges, PhD;' Andrea H. Hirota, MD;' Beata M. Quinto, MSc;?
Artur B. Ribeiro, PhD;? Maria T. Zanella, PhD;' Marcelo C. Batista, PhD?

Hyperuricemia is a common finding in hyperten-
sive patients, especially among those who are on
diuretic therapy. Howeuver, its clinical relevance
regarding cardiovascular and chronic kidney dis-
ease (CKD) has not clearly been established. The
authors assessed whether, in a population of 385
hypertensive women categorized according to
diuretic therapy, the stratification in quartiles by
uric acid levels would identify a gradient of
changes in renal function and in risk factors for
cardiovascular disease. The following were evalu-
ated: serum wuric acid, glycemia, total and frac-
tional cholesterol, triglycerides, apolipoprotein
(Apo) B, Apo A-I, and C-reactive protein. Renal
function was assessed by serum creatinine, albu-
minuria, and estimated glomerular filtration rate
(eGFR) by the Modification of Diet in Renal Dis-
ease equation, whereas cardiovascular risk was
estimated through the Framingham score. A total
of 246 women were on diuretic therapy; 139
were taking other antibypertensive medications.
There was a reduction in eGFR parallel to the
increase in uric acid levels, regardless of diuretic
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use and without a concomitant increase in albu-
minuria. In both groups, higher uric acid levels
translated into an increase in metabolic syndrome
components, in markers of insulin resistance, tri-
glyceride/high-density lipoprotein levels, and Apo
B/Apo A-I ratios, as well as in Framingham
scores. Hyperuricemia was associated with an
increase in inflammatory markers only in patients
on diuretic therapy. In a binary logistic regres-
sion, hyperuricemia (uric acid >6.0 mg/dL) was
independently associated with CKD (eGFR

<60 mL/min/1.73 m?) (odds ratio, 2.63; 95%
confidence interval, 1.61-4.3; P<.001). In hyper-
tensive women, the presence of hyperuricemia
indicated a substantial degree of kidney dysfunc-
tion as well as a greater cardiovascular risk
profile. J Clin Hypertens (Greenwich). 2009;11:
253-259. ©2009 Wiley Periodicals, Inc.

yperuricemia is a clinical finding in 25% to

40% of adult patients with untreated hyper-
tension. Most commonly it is asymptomatic if it
is not accompanied by clinically related condi-
tions, such as gout and nephrolithiasis."* In
hypertensive patients, there is an impairment in
the tubular secretion of uric acid,® which may be
a sign of early renal vascular involvement due to
hypertension, specifically nephrosclerosis.* In
addition, essential hypertension is an insulin-resis-
tant state per se,” and the compensatory hyperin-
sulinemia results in a significant reduction in
renal uric acid clearance.® Diuretic use may also
contribute to higher serum uric acid levels.” This
effect is dose-dependent and related to the corre-
sponding volume depletion.®
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Although hyperuricemia has long been known to
be associated with essential hypertension, ™ its clin-
ical relevance was ignored for a long time. Partially,
this happened because of the strong correlation
seen among uric acid and other risk factors for
renal and cardiovascular (CV) disease, especially
those related to insulin resistance.” This also may
have happened as a result of the rise in serum urate
levels in patients taking diuretics,'® which made it
difficult to recognize uric acid as an independent
risk factor. In the late 1990s, an appropriate animal
model was developed that allowed the study of sus-
tained mild hyperuricemia.!’ The experimental
results indicate that mild hyperuricemia induces sys-
temic hypertension and renal injury without intrare-
nal crystal deposition but is related to renal
vasoconstriction through endothelial dysfunction
and renin-angiotensin system (RAS) activation. 714
Even considering that those experimental observa-
tions demonstrated the pathogenic role of uric acid,
not all epidemiologic study data have identified
hyperuricemia as an independent predictor of renal
and CV diseases.'> '8

The objective of this study was to assess whether
stratification by uric acid levels allows the identifi-
cation of a gradient of change in renal function and
in CV risk factors in a population of hypertensive
women. As a secondary objective, we tested the
hypothesis that hyperuricemia is associated with
chronic kidney disease (CKD) regardless of diuretic
therapy.

METHODS

In total, 385 individuals were selected from outpa-
tients at the Hypertension and Cardiovascular
Metabolism Unit of the Universidade Federal de
Sdo Paulo (UNIFESP, Federal University of Sio
Paulo). Patients were selected based on the follow-
ing inclusion criteria: (1) female sex; and (2) essen-
tial hypertension defined according to the criteria of
the Seventh Report of the Joint National Commit-
tee on Prevention, Detection, and Treatment of
High Blood Pressure (JNC 7).'” Our sample was
restricted to women due to the more prominent
impact of hyperuricemia in CV and renal outcomes
in this sex.”’? Patients with known or suspected
secondary hypertension, as well as those who were
treated with allopurinol, were excluded from the
study. The study was approved by the UNIFESP
Research in Ethics Committee. All participating
patients gave written informed consent. The study
design was cross-sectional, and the patients were
evaluated during the period from January to July
of 2007.
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Clinical Evaluation

A registry was created in order to record comorbid-
ities, medication use, and history of CV disease.
CV disease was defined as the presence of coronary
heart disease (CHD) (evidence of silent myocardial
infarction or myocardial ischemia, history of unsta-
ble angina or stable angina pectoris, and history of
coronary angioplasty or coronary artery surgery) or
CHD risk equivalent (peripheral arterial disease,
abdominal aortic aneurysm, carotid artery disease,
renal artery disease), according to American Heart
Association guidelines.”* Menopause was defined as
the absence of menstrual cycles for at least 1 year.
Patients receiving hormone replacement therapy
were included in the nonmenopausal group.

The diagnosis of diabetes mellitus was based on
the criteria established by the American Diabetes
Association.”* We identified the metabolic syn-
drome (MS) based on the diagnostic criteria estab-
lished by the International Diabetes Federation.*®

Patients were submitted to anthropometric eval-
uation, which included the determination of weight,
height, waist circumference, and body mass index
(BMI).

Blood pressure values measured in the clinical
evaluation are expressed as the mean of 2 measure-
ments.

Laboratory Testing

Patients were instructed to discontinue lipid-lower-
ing drugs (statins, fibrates, nicotinic acid) 1 month
before the laboratory testing in order to better char-
acterize the lipid profile.

Fasting glycemia, as well as serum levels of total
cholesterol and triglycerides, were determined by
colorimetric enzymatic methods. Levels of high-
density lipoprotein (HDL) cholesterol were mea-
sured through homogeneous colorimetric enzymatic
method, and low-density lipoprotein (LDL) choles-
terol levels were calculated using the Friedewald
formula. The analyzer used was the Roche Hitachi
912 (Roche Hitachi, Montreal, QC, Canada).

Serum uric acid levels were determined through
urease enzymatic method (Cobas Mira Plus; Roche,
Indianapolis, IN), and serum levels of C-reactive
protein (CRP) were determined through chemilumi-
nescence immunoassay, with an analytical sensi-
tivity of 0.01 mg/dL, intra-assay variability of
4.2% to 6.4%, and interassay variability of 4.8%
to 10%.

Renal evaluation was made through the determi-
nation of serum creatinine levels, levels of albumin-
uria, and estimated glomerular filtration rate
(eGFR) based on the equation derived from the
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Modification of Diet in Renal Disease (MDRD)
study.?® CKD definition was based on eGFR values
<60 mL/min/1.73 m**

Serum creatinine levels were measured by a
method using the principle of reaction with picrate
solution in alkaline medium. This method has been
calibrated to be traceable to isotope dilution mass
spectrometry, as recommended by the National
Kidney Disease Education Program.”®

Albuminuria was determined in 12-hour over-
night urine samples through immunoturbidimetry,
with normal values defined as a urinary albumin
excretion rate <20 pg/min.

Levels of apolipoprotein (Apo) B and Apo A-I
were quantified through immunoturbidimetry in the
Cobas Mira Plus apparatus, analytical sensitivity
being 15 mg/L for the former and 6 mg/L for the
latter. The relationship between these Apo levels,
referred to as Apo B/Apo A-I ratio, was used in
this study as an insulin resistance marker, in addi-
tion to the triglyceride/HDL ratio, as previously
demonstrated.””*® Serum samples were stored at
-80°C.

CV Risk Estimation
The Framingham score, which is based on age, sex,
total cholesterol, HDL cholesterol, systolic blood
pressure, and smoking was calculated in order to
estimate the risk of CHD in 10 years, according to
the obtained score.?!

Statistical Analysis

The population studied was stratified based on the
diuretic use, being subsequently analyzed in quar-
tiles, according to serum concentrations of uric acid
obtained in the group as a whole.

We used analysis of variance to compare the
quantitative variables, expressed as mean and stan-
dard deviation, and the chi-square test to compare
the qualitative variables, with P value expressing
statistical significance among quartiles within each
group (users and non-users of diuretics).

For quantitative variables without normal distri-
bution, the Kruskal-Wallis test was used.

Univariate statistical analyses (chi-square) were
performed in order to study the association of
CKD (eGFR <60 mL/min/1.73 m?) with hyperuri-
cemia (serum uric acid levels above the 75th per-
centile obtained in the sample as a whole), age
older than 55 years, waist circumference >80 cm,
HDL  cholesterol <50 mg/dL,  triglycerides
>150 mg/dL, fasting glucose >100 mg/dL or dia-
betes, tobacco use, albuminuria >20 pw/min, LDL
cholesterol >130 mg/dL, CV disease, and diuretic
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therapy. Significant univariate predictors (P<.05)
were included in binary logistic regression analysis.
The statistical significance level was set at P<.05
for all the conclusions obtained through inferential
analysis.
The statistical analysis was carried out using
SPSS, version 15.0 (SPSS Inc, Chicago, IL).

RESULTS

A total of 385 hypertensive women were analyzed,
divided into 2 groups based on diuretic use. Of
these, 246 were on diuretic therapy and 139 were
taking other nondiuretic antihypertensive medica-
tions. Regarding diuretic therapy, most patients
were treated with hydrochlorothiazide (96%), and
the most commonly used dosage was 25 mg
(79.9%), followed by 12.5 mg (16.7%) and 50 mg
(3.4%). The remaining patients were treated with
furosemide (4%). The impact that stratifying the
patients by uric acid levels had on the parameters
analyzed is shown in Table L.

An increase in serum uric acid levels was associ-
ated with advanced age, as well as with meno-
pause, only in the group of women who were not
using diuretics (Table I).

We found that in both groups, an elevated uric acid
level was associated with higher BMI, greater waist
circumference, higher triglyceride levels, a greater
number of MS components, a higher triglycer-
ide/HDL ratio, and a higher Framingham score
(TableI). There was also a reduction in the eGFR par-
allel to the increase in the uric acid level, which
occurred regardless of the use of diuretics (Table I).

Only diuretic users presented a significant eleva-
tion of the inflammatory marker levels, CRP, and
leukocyte counts, as well as higher values of Apo
B/Apo A-I ratio, which occurred in parallel with
increases in serum uric acid levels (Table I).

When we stratified the sample by the number of
MS  components, we observed a progressive
increase in uric acid levels, which reached the maxi-
mum value in patients presenting with 4 MS com-
ponents (Figure).

In the univariate analysis, hyperuricemia (uric
acid >6.0 mg/dL), HDL cholesterol <50 mg/dL,
and age 55 years and older had a significant associ-
ation with CKD (Table II). These significant factors
in the univariate analysis were simultaneously
assessed in the binary logistic regression, where
hyperuricemia (odds ratio, 2.63; 95% confidence
interval, 1.61-4.3; P<.001) and age 55 years and
older (odds ratio, 2.54; 95% confidence interval,
1.55-4.17; P<.001) remained significantly associ-
ated with CKD.
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DISCUSSION

The results of the present study indicate that in
hypertensive women, higher serum uric acid levels
are associated with impaired renal function, charac-
terized by reductions in eGFR. This gradient of
renal dysfunction observed along the uric acid
quartiles occurred regardless of the use of diuretics
and was not followed by a concomitant increase in
urinary excretion of albumin. In addition, patients
with higher uric acid levels had a worse CV risk
profile, reflected by higher values of insulin resis-
tance indexes, number of MS components, and Fra-
mingham scores.

Our data showing a correlation between renal
dysfunction and higher uric acid levels are in accor-
dance with the data obtained by Iseki and col-
leagues,”® who demonstrated that in women,
hyperuricemia (serum uric acid >6 mg/dL) was an
independent predictive factor of CKD. A reduction
in GFR might explain hyperuricemia due to the
consequent reduction in the excretion of uric
acid.>* However, it has been demonstrated that the
risk of evolving to CKD remains the same even
after the adjustment for baseline values of serum
creatinine.>® Nevertheless, we cannot rule out the
influence of diuretic therapy on the results of that
study, since the medication in use was not
recorded. Our data indicate that, regardless of
diuretic therapy, uricemia increases in parallel with
reduction in renal function. The magnitude of the
correlation between uric acid and CKD was not
reproduced in the study conducted by Chonchol
and colleagues,'® in which baseline levels of uric
acid had a weak association with a subsequent
reduction in eGFR during a 9-year follow-up per-
iod. In that study, the sample was divided into uric
acid quintiles, without stratification by sex. Taking
into consideration the fact that uric acid levels are
different between men and women due to uricosu-
ric action of estrogen,® it is possible that this type
of analysis contributed to the differences observed
between our results and those from Chonchol and
colleagues. It has also been demonstrated that uric
acid acts as a risk factor for CKD,? left ventricle
hypertrophy,”! and CV disease*> only in women,
suggesting that hyperuricemia and its clinical reper-
cussions are more restricted to the female sex.

Studies involving animal models have demon-
strated that hyperuricemia is more than a marker
of GFR reduction. An induced increase in uric acid
levels in rats resulted in glomerular hypertension,
systemic arterial hypertension, activation of the
RAS, afferent arteriosclerosis, and renal interstitial
inflammation, culminating in fibrosis.'>'*3* In
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'7 P<.05 for both groups 4{

Average Serum Uric Acid Level, mg/dL

Number of Metabolic Syndrome Components

Figure. Average serum uric acid levels according to the
number of metabolic syndrome components and
diuretic therapy. Grey squares indicate non-users of
diuretics; black squares, users of diuretics.

Table II. Univariate Analysis for the Association With
Chronic Kidney Disease

Curonic KipNey DiSEASE
OR (95% CI) P VALUE

Age >55y 2.79 (1.72-4.50) <.001
Waist >80 cm 0.93 (0.45-1.95) .85
HDL cholesterol <50 mg/dL 1.67 (1.04-2.68) .03
Triglycerides >150 mg/dL 0.79 (0.5-1.24) .36
Fasting glucose >100 mg/dL  0.93 (0.59-1.47) .82

or diabetes

PARAMETER

Smoking 0.53 (0.21-1.34) 21
Albuminuria >20 p/min 1.24 (0.7-2.28) 45
LDL cholesterol >130 mg/dL 1.01 (0.65-1.58) >.99
Diuretic use 1.02 (0.65-1.60) >.99
Serum uric acid >6.0 mg/dL  3.14 (1.95-5.05) <.001
Cardiovascular disease 1.78 (0.86-3.67) 12

Abbreviations: CI, confidence interval; HDL, high-density
lipoprotein; LDL, low-density lipoprotein; OR, odds
ratio.

addition, an allopurinol-induced reduction in serum
uric acid levels has been shown to prevent the
development of hypertension, as well as to avert
changes in the levels of renin and nitric oxide syn-
thase.'? In humans, the use of allopurinol has also
been shown to promote benefits in the preservation
of renal function in hyperuricemic individuals with
established CKD,* as well as in individuals with
preserved GFR,*® showing the importance of recog-
nizing and treating hyperuricemia.

A better understanding of the mechanisms
responsible for the beneficial effect of allopurinol is
needed, however. FEither the reduction of uric acid
or a reduction in xanthine oxidase-associated oxi-
dants can be related to those effects.'***” In terms
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of kidney function and blood pressure, the experi-
mental studies suggest that the benefits result from
lowering uric acid itself, whether it is achieved
through xanthine oxidase blockade or through uri-
cosuric agents.'*** On the other hand, patients
with chronic heart failure treated with allopurinol
exhibited an improvement in endothelial function,
which did not occur among patients who received
a uricosuric agent, even for the same degree of
urate lowering.?”

The fact that hyperuricemia correlated with
higher triglyceride’HDL and Apo-B/Apo A-I ratios
provides indirect evidence that hyperuricemia
identifies individuals with insulin resistance and a
higher CV risk. Increases in these ratios character-
ize a proatherogenic state, which has been associ-
ated with CV events.*®* The existence of a
subclinical inflammatory process is also part of
the physiopathology of arteriosclerotic disease,*”
and the increase in inflammatory markers associ-
ated with hyperuricemia may contribute to this
unfavorable CV scenario.*' In our study, however,
we observed a significant association between a
proinflammatory state and hyperuricemia only in
patients on diuretic therapy. This might be
explained by the fact that thiazide treatment, poten-
tially via RAS activation, may trigger a low-grade
inflammation.*? To date, there are no data to indi-
cate that greater uricemia has clinical implications
that are different for individuals using diuretics
than for those not using such medications. How-
ever, in diuretic users (on chlorthalidone), the Sys-
tolic Hypertension in the Elderly Program (SHEP)
study showed that participants presenting a >1.0
mg/dL increase in uric acid levels did not experi-
ence a reduction in the rate of CV events.** There-
fore, the higher uric acid levels in diuretic users
should be considered in treatment management.

CONCLUSIONS

In hypertensive women, higher levels of uric acid
are independently associated with a substantial
degree of renal dysfunction. Hyperuricemia was
more closely related to changes in inflammatory
markers in patients on diuretic therapy. However, a
uric acid increase should be viewed independently
of antihypertensive therapy. It identified renal dys-
function and a worse CV risk profile regardless of
diuretic therapy. It has not been formally recom-
mended that asymptomatic hyperuricemia be trea-
ted. Long-term intervention studies are necessary in
order to clarify whether uric acid reduction would
translate into better renal and CV outcomes in a
hypertensive population.
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