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Sex differences in the association between serum uric
acid levels and cardiac hypertrophy in patients with

chronic kidney disease
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Takuya Tsuchihashi®, Kazuhiko Tsuruya1 and Takanari Kitazono
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Several studies have documented an association between serum uric acid (SUA) concentration and cardiac hypertrophy in
hypertensive patients; however, the association remains unclear in chronic kidney disease (CKD) patients. If there is an
association between SUA and hypertrophy in these patients, it is unknown whether the association is different between men
and women. Our aim in this study is to determine whether SUA is associated with cardiac hypertrophy in CKD patients,
focusing on any sex differences. Two hundred sixteen CKD patients (117 men and 99 women) were enrolled in this cross-
sectional study. Patients prescribed uric acid-lowering agents and those with congestive heart failure, valvular heart disease, or
ischemic heart disease were excluded from this study. Left ventricular mass index (LVMI) and left ventricular hypertrophy (LVH)
were assessed using echocardiography. The prevalence of LVH was 58% in men and 47% in women. In multivariate linear
regression analysis, SUA levels did not correlate with LVMI in men, whereas SUA was independently associated with LVMI in
women (f=0.27, P=0.02). Multivariate logistic regression analysis also revealed that diabetes mellitus (odds ratio (OR),
4.41; P=0.01) was associated with LVH in men, whereas age (OR, 1.13; P<0.01), hypertension (OR, 7.38; P=0.03) and
SUA (OR, 1.91; P=0.03) were associated with LVH in women. In female CKD patients, SUA levels were associated with LVMI
and LVH, whereas there was no association in male patients. These observations suggest that an association between SUA
levels and the development of cardiac hypertrophy is more likely in women than in men.
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INTRODUCTION
Patients with chronic kidney disease (CKD) have high cardiovas-
cular (CV) morbidity and mortality, and the presence of CKD
worsens CV disease outcomes.! Cardiac hypertrophy, that is, left
ventricular hypertrophy (LVH) or increased left ventricular mass
index (LVMI), is known to be a powerful, independent risk factor
for future CV morbidity and mortality in patients with essential
hypertension, as well as in the general population.”> The
prevalence of cardiac hypertrophy increases with declining renal
function in CKD patients not undergoing dialysis and cardiac
hypertrophy is independently associated with adverse CV events in
these patients.®”!> Thus, cardiac hypertrophy may be a major
adverse CV consequence of CKD.

Several epidemiologic studies have suggested a positive association
between serum uric acid (SUA) levels and CV disease in the
general population,'*'7 in hypertensive patients'®!® and in CKD

patients.”®?! Tt has also been reported that higher SUA levels are
associated with cardiac hypertrophy in hypertensive patients.>~2¢ As
approximately two-thirds of SUA is excreted through the kidneys,
CKD patients develop hyperuricemia as the glomerular filtration rate
declines.”” 1t has been reported that high SUA is associated with
cardiac hypertrophy in renal transplant recipients,”® but very few
studies have examined the relationship between SUA levels and
cardiac hypertrophy in CKD patients.?> Moreover, studies of sex
differences in the relationship between SUA levels and CV disease are
conflicting. Some studies have shown that SUA levels correlate
significantly with cardiac hypertrophy only in female hypertensive
patients,”>?> whereas another report found a significant association
between SUA and cardiac hypertrophy only in male hypertensive
patients.26 To date, there have been no studies of sex differences in the
relationship between SUA and cardiac hypertrophy in CKD patients.
Thus, we aimed to elucidate the association between SUA levels and
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cardiac hypertrophy in patients with CKD, focusing especially on the
sex differences in this association.

METHODS

In this cross-sectional study, we enrolled 216 patients with CKD not on
dialysis, who were admitted to our hospital for evaluation and education of
CKD. Patients prescribed uric acid-lowering agents and those with congestive
heart failure, valvular heart disease, ischemic heart disease or local asynergy on
echocardiogram were excluded from this study.

All patients provided written informed consent to the protocol, which was
approved by the Ethics Committee of the National Kyushu Medical Center
Hospital. Blood samples were obtained from admitted patients in the early
morning after an overnight fast for measurement of serum creatinine (SCr),
C-reactive protein, hemoglobin (Hb), SUA and serum phosphorus levels. Daily
proteinuria was also measured. The estimated glomerular filtration rate (eGFR;
mlmin~! per 1.73m?) was calculated using the Modification of the Diet in
Renal Disease equation for Japanese patients: 194 x SCr 109 x age =0-287
% 0.739 (if female)."

All enrolled patients were interviewed and clinically examined at presenta-
tion. Their medical histories and outpatient records were also evaluated in
detail. Demographic information (age and sex), medication history, and
atherosclerotic risk factors (hypertension, history of smoking, dyslipidemia
and diabetes mellitus) at presentation were recorded for each patient.
Hypertension was defined as systolic blood pressure > 140 mm Hg or diastolic
blood pressure >90 mm Hg, or use of antihypertensive drugs. Dyslipidemia
was defined as plasma triglycerides >150mgdl™!, plasma low-density lipo-
protein cholesterol >140mgdl™!, plasma high-density lipoprotein cholesterol
<40mgdl™! or the use of lipid-lowering drugs based on a history of
dyslipidemia. Diabetes mellitus was defined as previous or current plasma
fasting glucose >126mgdl™ or the use of hypoglycemic agents. Cigarette
smoking was evaluated as current or past. Body mass index was calculated as
weight in kg divided by height in m?. Blood pressure was measured at three
separate times on the second day of hospitalization, with patients in a sitting
position. The average of the three readings was recorded.

Left ventricular mass (LVM) was calculated from M-mode records taken on
parasternal long-axis images, according to the following formula (derived by
Reichek and Devereux®!): LVM = 1.04([IVSd + LVPWd + LVDd]? —LVDd?)
—13.6, where IVSd and LVPWd are the thickness of the interventricular
septum and of the posterior wall of the left ventricle (LV) in
diastole, respectively, and LVDd is the diameter of the LV in diastole.
LVMI was expressed as LVM per square meter of body surface area,
calculated by the Du Bois formula*’ body surface area
= weight®4%° x height®72> x 0.007184.

We defined LVH as LVMI of 134 gm™ or greater for males and 110 gm™ or
greater for females.>> Percent fractional shortening was calculated as (LVDd-
LVDs)/LVDd x 100.

Statistical analysis

Continuous data are expressed as either the meants.d. or the median
(interquartile range), depending on their distribution. Categorical data are
expressed as numbers (with %). The significance of differences between female
<45 years old and >45 years old was examined using the y’-test for
categorical data, the Wilcoxon rank sum test for nonparametric data and the
unpaired Student’s t-test for parametric data. Correlation coefficients were
calculated according to Pearson’s method.

Demographic, traditional, and non-traditional risk factors, serological data,
LVM], and the prevalence of LVH were compared across quartiles of SUA levels
using the y>-test for categorical data, analysis of variance for continuous
variables that are approximately normally distributed, and the Kruskal-Wallis
test for skewed continuous variables analysis, followed by the Dunnett’s test. A
linear regression analysis was performed to elucidate the associations between
LVMI and traditional and non-traditional risk factors. Covariates associated
with LVMI in univariate analysis were analyzed by multivariate analysis to
determine the independent risk factors for LVMI. A logistic regression model
was also applied to elucidate the traditional and nontraditional risk factors
associated with LVH. Covariates associated with LVH that were significant in
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univariate analysis were selected as risk factors in multivariate analysis. The
odds ratio and the 95% confidence interval were calculated for each variable.
Data were analyzed using the JMP9 statistical package (SAS Institute, Cary,
NC, USA). A P-value below 0.05 indicated a significant difference.

RESULTS

The median age of the 216 patients (117 men and 99 women) in this
study was 61 years (range, 30-75 years). The primary causes of renal
disease were chronic glomerulonephritis (44%, 95 patients), diabetic
nephropathy (30%, 65 patients), hypertensive nephrosclerosis (15%,
32 patients), other defined causes (8%, 17 patients) and unknown
(3%, 7 patients).

The clinical characteristics of the patients according to CKD stage
are summarized in Table 1. The prevalence of hypertension, diabetes
mellitus, smoking and dyslipidemia was significantly higher with
advancing CKD stages. In addition, 121 patients (56%) had been
treated with angiotensin-converting enzyme inhibitors (ACEIs) and/
or angiotensin II receptor blockers (ARBs), and this percentage was
higher in advanced CKD stages. The percentage of patients receiving
diuretics was also higher in more advanced CKD stages. Daily
proteinuria in patients with CKD stages 4 and 5 was significantly
higher than in patients with CKD stages 1 and 2. As kidney function
declined, Hb levels decreased significantly, whereas SUA levels
significantly increased in both sexes. LVMI was higher in more
advanced CKD stages in both sexes. LVH was found in 53% of all
subjects, with a significantly higher prevalence as kidney function
decreased.

The study population was divided into quartiles by SUA level for
each sex, as shown in Table 2a (men) and Table 2b (women). Among
the male patients, the prevalence of hypertension was significantly
higher with ascending SUA quartiles. No difference in systolic or
diastolic blood pressure was found across quartiles. The eGFR values
of patients in the second to fourth quartiles were significantly lower
than those of patients in the first quartile. Figure 1 shows LVMI and
prevalence of LVH according to quartiles of SUA in men. LVMI values
were higher in fourth quartile patients than in first quartile patients.
The prevalence of LVH did not increase significantly with ascending
quartiles.

Among the female patients, patients in the fourth quartile had a
higher median age than did those in the first quartile. The prevalence
of hypertension and diabetes mellitus increased significantly with
ascending quartiles. Patients in the third and fourth quartiles had
significantly higher systolic blood pressure than those in the first
quartile. The prevalence of ACEIs and/or ARBs and diuretic use was
significantly higher with ascending quartiles. Patients in the second
and fourth quartiles had significantly lower Hb compared with those
in the first quartile. Patients in the third and fourth quartiles had
significantly lower eGFR compared with those in the first quartile. As
shown in Figure 2, LVMI was significantly higher in patients in the
third and fourth quartiles than in those in the first quartile and the
prevalence of LVH increased significantly with ascending quartiles.
Table 3 shows the demographics, comorbidities, laboratory data and
cardiac hypertrophy indices for females <45 years of age and for
those >45 years of age. Female subjects >45 years of age had
significantly higher SUA and LVMI values, and a higher prevalence of
LVH than did younger women. In addition, eGFR values in female
subjects >45 years of age were significantly lower than in those <45
years of age.

Figure 3 shows the relationship between SUA and LVMI in men
and women. In both sexes, LVMI was positively correlated with SUA
levels (R2=0.06, P<0.01 in men; R*=0.28, P<0.01 in women).
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Table 1 Clinical characteristics of patients according to chronic kidney disease stage

All (h=216) CKD stages 1-2 (n=58) CKD stage 3 (n=71) CKD stage 4 (h=46) CKD stage 5 (n=41) P-values
Age 61 (49-70) 48 (40-59) 64 (51-72)* 64 (60-70)* 64 (57-73)* <0.01
Male 117 (54) 23 (40) 44 (62) 24 (52) 26 (63) 0.04
Hypertension 157 (73) 20 (34) 54 (76) 44 (96) 39 (95) <0.01
SBP (mm Hg) 134+20 119+14 134+21* 136+ 16* 151+ 16* <0.01
DBP (mm Hg) 76+11 72+10 76+11 76+12 80+10* <0.01
Diabetes mellitus 86 (40) 4.(7) 32 (45) 25 (54) 25 (61) <0.01
Smoking 102 (47) 19 (33) 35 (49) 23 (50) 25 (61) 0.04
Dyslipidemia 144 (67) 30 (52) 51 (72) 32 (70) 31 (76) 0.04
ACEls and/or ARBs 121 (56) 12 (21) 45 (63) 35 (76) 29 (71) <0.01
Diuretics 51 (24) 2(3) 17 (24) 13 (28) 19 (24) <0.01
Body mass index (kgm2) 22.1 (20.1-25.1) 22.2 (19.9-24.4) 22.0 (20.5-24.7) 22.8 (20.2-26.1) 22.0 (20.7-24.1) 0.88
Proteinuria (gday™!) 1.3 (0.5-3.7) 0.7 (0.3-1.6) 1.5 (0.2-4.1) 1.2 (0.4-4.7)** 2.6 (1.1-5.3)* <0.01
Serum albumin (gdI1) 3.5(2.9-3.9) 3.7 (3.3-3.9) 3.5 (2.8-4.0) 3.5(3.0-3.9) 3.1 (2.5-3.7)** 0.03
C-reactive protein (mgdl1) 0.07 (0.03-0.15) 0.06 (0.03-0.13) 0.06 (0.02-0.12) 0.09 (0.04-0.31) 0.06 (0.03-0.15) 0.07
Hb (gdI1) 11.4+2.3 13.1+1.7 11.8+1.9* 10.7+2.1* 9.1+1.6* <0.01
Serum phosphorus (mgdI-1) 3.6 (3.34.1) 3.4 (3.2-3.7) 3.5(3.1-3.9) 3.8 (3.5-4.2)* 4.7 (4.0-5.3)* <0.01
Serum uric acid (mgdl~1) (males) 7.1£15 6.0£1.0 7.0+1.5%* 7.6+1.5* 7.9+1.4* <0.01
Serum uric acid (mgdi-!) (females) 6.3+1.8 5.0+1.1 6.0+1.3** 7.5+1.8*% 8.0+1.7* <0.01
Fractional shortening (%) 40£6 41+5 39+5 39+5 39+6 0.11
LVEF (%) 707 72+6 707 69+7 68+ 7** 0.03
LVMI (gm2) (males) 143 (118-168) 112 (82-125) 140 (121-167)* 150 (108-178)* 159 (144-197)* <0.01
LVMI (gm~2) (females) 104 (86-137) 87 (78-102) 99 (84-125) 126 (104-149)* 146 (135-165)* <0.01
LVH 115 (53) 11 (19) 38 (54) 30 (65) 36 (88) <0.01

Abbreviations: ACEls, angiotensin-converting enzyme inhibitors; ARBs, angiotensin |l receptor blockers; CKD, chronic kidney disease; DBP, diastolic blood pressure; Hb, hemoglobin; LVEF, left
ventricular ejection fraction; LVH, left ventricular hypertrophy; LVMI, left ventricular mass index; SBP, systolic blood pressure.

Values are expressed as the mean +s.d., number (percent) or median (interquartile range).

*P<0.01, **P<0.05 vs. CKD stages 1-2.

Table 2a Clinical characteristics of male patients according to quartile of SUA

1st Quartile (n=29)

2nd Quartile (n=29)

3rd Quartile (n= 30)

4th Quartile (n=29)

All (n=117) (SUA, 3.7-6.1mgdl)  (SUA, 6.2-7.1mgdFl) (SUA, 7.2-8.0mgdl!)  (SUA, 8.1-11.9mgdr1)  P-values
Age 61 (51-70) 57 (44-66) 62 (52-71) 63 (53-73) 61 (55-70) 0.10
Hypertension 96 (82) 19 (66) 23 (79) 25 (83) 29 (100) <0.01
SBP (mm Hg) 138+21 134+20 138+21 135+23 146 16 0.06
DBP (mm Hg) 77+11 75+9 77+11 77+12 80+10 0.31
Diabetes mellitus 58 (50) 14 (48) 16 (55) 15 (50) 13 (45) 0.89
Smoking 84 (72) 19 (66) 23 (79) 20 (67) 22 (76) 0.57
Dyslipidemia 83 (71) 21 (72) 22 (76) 18 (60) 22 (76) 0.50
ACEls and/or ARBs 77 (66) 16 (55) 21 (72) 19 (63) 21 (72) 0.45
Diuretics 29 (25) 5(17) 7 (24) 8 (27) 9 (31) 0.66
Body mass index (kgm2) 22.3(20.8-25.7) 21.4 (19.7-23.1) 23.1(21.1-27.4) 22.5 (20.5-26.4) 22.9 (21.4-25.8) 0.14
Proteinuria (gday!) 1.9 (0.7-4.9) 2.2 (0.7-5.7) 1.6 (0.3-5.0) 1.6 (1.0-4.3) 2.2 (1.0-5.1) 0.56
Serum albumin (gdI}) 3.5 (2.6-3.9) 3.6 (2.6-4.1) 3.7 (2.9-4.0) 3.3(2.8-3.8) 3.4 (2.5-3.9) 0.77
C-reactive protein (mgdl1) 0.08 (0.04-0.17) 0.05 (0.03-0.13) 0.08 (0.05-0.17) 0.09 (0.03-0.23) 0.09 (0.05-0.27) 0.34
Hb (gdI1) 11.8+2.5 12.8+2.6 11.9+2.4 11.3+2.3 11.1+2.5% 0.03
eGFR (mImin~! per 1.73m2)  34.7 (17.0-57.2) 59.0 (33.7-80.8) 38.9 (24.5-58.7)* 25.0 (13.7-43.1)* 17.5 (11.9-34.7)* <0.01
Serum phosphorus (mgdI-!) 3.5 (3.2-4.1) 3.3(3.1-3.7) 3.4 (3.1-3.8) 3.5 (3.2-4.1) 4.0 (3.4-4.5)* 0.01
Fractional shortening (%) 39+6 39+6 39+6 39+5 39+6 0.96
LVEF (%) 69+7 69+6 68+7 6946 68+7 0.97

Abbreviations: ACEls, angiotensin-converting enzyme inhibitors; ARBs, angiotensin |l receptor blockers; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; Hb, hemoglobin;

LVEF, left ventricular ejection fraction; SBP, systolic blood pressure; SUA, serum uric acid.
Values are expressed as the means+s.d., number (percent) or median (interquartile range).

*P<0.01, **P<0.05 vs. first quartile of SUA.

Table 4 shows the relationship between clinical parameters and LVMI

and/or ARBs, use of diuretics, proteinuria, serum albumin, Hb, serum

in each sex. In men, univariate linear regression analysis demonstrated  phosphorus, eGFR and SUA were associated with LVMI. Multivariate

that age, hypertension, diabetes mellitus, dyslipidemia, use of ACEIs
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1st Quartile (n=23)

2nd Quartile (n=26)

3rd Quartile (n=23)

4th Quartile (h=27)

All (h=99) (SUA, 2.7-4.9mgdl'l)  (SUA, 5.0-6.0mgdl!) (SUA, 6.1-7.2mgdlI'))  (SUA, 7.3-11.7mgdll)  P-values
Age 60 (46-69) 53 (42-65) 54 (40-67) 64 (50-71) 67 (58-71)** 0.01
Hypertension 61 (62) 7 (30) 11 (42) 18 (78) 25 (93) <0.01
SBP (mm Hg) 128+19 122+16 119+16 136+ 19** 136+ 17*%* <0.01
DBP (mm Hg) 74+11 73%9 71+10 74+13 7710 0.21
Diabetes mellitus 28 (28) 3(13) 5 (19) 9 (39) 11 (40) 0.07
Smoking 18 (18) 3(13) 5(19) 8 (35) 2(7) 0.08
Dyslipidemia 61 (62) 12 (52) 14 (54) 16 (70) 19 (70) 0.39
ACEls and/or ARBs 44 (44) 4.(17) 9 (35) 13 (57) 18 (67) <0.01
Diuretics 22 (22) 1(4) 3(12) 7 (30) 11 (40) <0.01
Body mass index (kg m™2) 21.8(19.9-24.2) 21.0(19.4-23.1) 21.3(19.5-22.9) 21.9 (20.0-25.4) 23.0 (20.9-26.7) 0.17
Proteinuria (gday!) 1.0 (0.4-1.9) 1.1 (0.2-1.6) 0.7 (0.3-2.2) 1.4 (0.6-3.6) 1.1 (0.4-1.8) 0.41
Serum albumin (gdi-1) 3.5(3.1-3.9) 3.5(3.0-3.9) 3.4 (3.0-3.6) 3.7 (3.1-3.9) 3.7 (3.34.1) 0.07
C-reactive protein (mgdl?) 0.06 (0.03-0.13) 0.08 (0.04-0.20) 0.05 (0.02-0.09) 0.04 (0.03-0.07) 0.07 (0.03-0.19) 0.22
Hb (gdIh) 11.0+£1.9 12.2+1.3 10.6+£1.8** 11.0t£2.2 10.3+£1.8* <0.01
eGFR (mImin-! per 1.73m?2) 42.7 (21.1-74.4) 74.0 (52.6-91.2) 60.5 (33.9-80.2) 39.2 (18.1-61.0)* 17.0 (13.2-38.2)* <0.01
Serum phosphorus (mgdI-1) 3.8 (3.4-4.1) 3.4 (3.1-3.6) 3.8 (3.44.1) 3.8 (3.54.1) 4.2 (3.8-4.8)* <0.01
Fractional shortening (%) 41+5 40+5 40+5 42+5 41+6 0.68
LVEF (%) 71+6 716 717 72t6 717 0.93

Abbreviations: ACEls, angiotensin-converting enzyme inhibitors; ARBs, angiotensin |l receptor blockers; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; Hb, hemoglobin;

LVEF, left ventricular ejection fraction; SBP, systolic blood pressure; SUA, serum uric acid.
Values are expressed as the means +s.d., number (percent), or median (interquartile range).
*P<0.05, **P<0.01 vs. first quartile of SUA.
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Figure 1 Box-and-whisker plot of left ventricular mass index (LVMI) and the prevalence of left ventricular hypertrophy (LVH) according to quartile of serum
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Figure 2 Box-and-whisker plot of left ventricular mass index (LVMI) and the prevalence of left ventricular hypertrophy (LVH) according to quartile of serum

uric acid in women. The box represents the 25th, 50th and 75th percentiles; the line inside the box represents the median. *P<0.01 vs. quartile 1.

associated with LVMI. In women, multivariate linear regression
analysis demonstrated that age, hypertension and SUA were indepen-
dent variables associated with LVMI.

We analyzed the risk factors for LVH for each sex using a logistic
regression model, as shown in Table 5. In men, univariate regression

analysis showed that age, hypertension, diabetes mellitus, use of
ACEIs and/or ARBs, use of diuretics, proteinuria, serum albumin, Hb,
serum phosphorus, eGFR and SUA were associated with LVH. In
multivariate analysis, only diabetes mellitus, but not SUA and the
other variables, was independently associated with LVH. In women,
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multivariate analysis showed that age, hypertension and SUA were
independently associated with LVH.

DISCUSSION

We observed a high prevalence of cardiac hypertrophy among CKD
patients in this study compared with a previous report showing LVH
prevalence ranging from 36 to 41% among hypertensive patients.**
The prevalence of cardiac hypertrophy was significantly higher with
advancing CKD stage. In women, LVMI and the prevalence of LVH
were significantly higher with ascending quartiles by SUA level. When
male and female subjects were analyzed separately by multivariate
analysis, elevated SUA levels were identified as an independent risk
factor for both LVH and LVMI in females, whereas in males there was

Table 3 Clinical characteristics of female patients <45 years old
and >45 years old

<45 nh=21) =45 (=78) P-values
Age 39 (35-42) 65 (56-71) <0.01
Hypertension 5 (24) 56 (72) <0.01
SBP (mm Hg) 116+14 132+18 <0.01
DBP (mmHg) 73+11 74+11 0.70
Diabetes mellitus 1(5) 27 (35) <0.01
Smoking 1(5) 17 (22) 0.04
Dyslipidemia 6 (29) 55 (71) <0.01
ACEls and/or ARBs 6 (29) 38 (49) 0.09
Diuretics 0 (0) 22 (28) <0.01
Body mass index (kgm=2) 20.7 (19.3-23.5) 21.9 (20.1-24.6) 0.20
Proteinuria (gday™!) 0.8 (0.3-1.7) 1.1 (0.4-2.2) 0.27
Serum albumin (gdI1) 3.6 (3.3-3.8) 3.5(3.1-3.9) 0.68
C-reactive protein (mgdi-1) 0.06 (0.03-0.09) 0.06 (0.03-0.14) 0.79
Hb (gdI1) 11.3+1.7 10.9£1.9 0.45
eGFR (mImin~! per 1.73m?) 74.0 (43.7-85.2) 36.7 (17.4-61.2) <0.01
Serum phosphorus (mgdi-1) 3.5(3.3-3.9) 3.9 (3.54.2) 0.07
SUA (mgdI-1) 5.1 (4.2-5.5) 6.4 (5.4-7.5) <0.01
Fractional shortening (%) 39+6 41+5 0.24
LVEF (%) 706 72+6 0.33
LVMI (gm2) 82 (71-92) 119 (93-144) <0.01
LVH 2 (10) 45 (58) <0.01

Abbreviations: ACEls, angiotensin-converting enzyme inhibitors; ARBs, angiotensin |l receptor
blockers; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate;

Hb, hemoglobin; LVEF, left ventricular ejection fraction; LVH, left ventricular hypertrophy;
LVMI, left ventricular mass index; SBP, systolic blood pressure; SUA, serum uric acid.

Values are expressed as the means £s.d., number (percent), or median (interquartile range).
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no significant relationship between SUA levels and cardiac
hypertrophy.

This study did not clarify the mechanisms by which increased SUA
levels caused cardiac hypertrophy. The role of SUA in the development
of CV complications has not been fully investigated; however, some
potential mechanisms have been proposed. It has been demonstrated
that SUA impairs nitric oxide generation and induces endothelial
dysfunction and smooth muscle cell proliferation.’>3® It is also
reported that SUA increases plasma levels of inflammatory
mediators such as tumor necrosis factor alpha,” and potentially
stimulates mitogen-activated protein kinases,>® which are known to
induce cardiac hypertrophy.>*>*" Moreover, uric acid appears to
activate the renin—angiotensin system, thereby leading to the devel-
opment of LVH.*#2 Given these findings, cardiac hypertrophy may be
directly attributable, at least in part, to increased SUA, via stimulation
of endothelial dysfunction, smooth muscle cell proliferation,
inflammation and activation of the renin—angiotensin system.

A recent study demonstrated that SUA levels were independently
associated with CV morbidity, and that this association was stronger
for patients in more advanced CKD stages.?’ In another recent study,
an increased ratio of observed to predicted LVM was shown to be
independently related to adverse CV events in patients with CKD
stages 3—5.1 Another report demonstrated that the combination of
hyperuricemia with LVH is a powerful independent predictor for CV
disease. The authors of that report speculated that the association
between SUA and CV events in hypertensive patients might result
from a direct association between SUA and LVMIL?> Allopurinol has
been found to decrease oxidative stress and to improve endothelial
function in metabolic syndrome.*> On the basis of these findings,
SUA appears to contribute to the development of cardiac hypertrophy
and CV events.

The sex-related effects of SUA on CV disease and cardiac
hypertrophy are conflicting. This study demonstrated an association
between SUA and cardiac hypertrophy only in female subjects. This
finding agrees with previous observations in hypertensive
patien'[s.zz’23 Furthermore, the First National Health and Nutrition
Examination Survey epidemiologic follow-up studies demonstrated a
relationship between SUA and mortality (all-causes and due to CV
events) only in women,!” and found that the association between SUA
and CV mortality was stronger in women than in men.!* Given these
findings, the influence of SUA on CV disease appears to be greater in
women than in men. Although the reasons for these sex differences
remain unclear, sex hormones may have a role.** This study found
that female subjects >45 years of age, who may be post-menopausal,

Women
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Figure 3 Relationship between serum uric acid and left ventricular mass index (LVMI) in men and women. A full color version of this figure is available at

the Hypertension Research journal online.
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Table 4 Relationship by sex between left ventricular mass index and clinical parameters

Men Women
Univariate Multivariate Univariate Multivariate
Variables B P-values B P-values B P-values B P-values
Age (years) 0.27 <0.01 0.20 0.06 0.42 <0.01 0.21 0.02
Hypertension 0.39 <0.01 0.13 0.25 0.61 <0.01 0.26 0.03
Diabetes mellitus 0.32 <0.01 0.07 0.52 0.44 <0.01 0.08 0.43
Smoking 0.15 0.10 0.17 0.09
Dyslipidemia 0.20 0.03 -0.05 0.57 0.15 0.13
ACEls and/or ARBs 0.33 <0.01 -0.004 0.97 0.44 <0.01 0.08 0.42
Diuretics 0.37 <0.01 0.24 0.02 0.36 <0.01 0.01 0.92
Body mass index (kg m~2) 0.09 0.35 0.20 0.05
Proteinuria (gday!) 0.20 0.03 0.02 0.89 0.26 <0.01 0.15 0.08
Serum albumin (gdI-1) -0.25 <0.01 0.05 0.72 -0.06 0.52
C-reactive protein (mgdl!) 0.04 0.66 0.07 0.562
Hb (gdI™) -0.39 <0.01 0.03 0.84 -0.40 <0.01 -0.09 0.38
Serum phosphorus (mgdI-1) 0.36 <0.01 0.18 0.11 0.32 <0.01 0.03 0.77
eGFR (mImin~! per 1.73m?) —-0.45 <0.01 -0.14 0.34 -0.47 <0.01 0.05 0.66
Serum uric acid (mgdi?) 0.25 <0.01 0.03 0.78 0.53 <0.01 0.27 0.02
Abbreviations: ACEls, angiotensin-converting enzyme inhibitors; ARBs, angiotensin |l receptor blockers; eGFR, estimated glomerular filtration rate; Hb, hemoglobin.
Table 5 ORs by sex for left ventricular hypertrophy
Men Women
Univariate Multivariate Univariate Multivariate
Variables OR 95% Cl P-values  OR 95% Cl P-values OR 95% Cl P-values  OR 95% Cl P-values
Age (years) 1.04 1.01-1.07 0.01 1.03 0.98-1.10 0.22 1.11 1.06-1.16 <0.01 1.13 1.06-1.23 <0.01
Hypertension 20.9 5.59-136.5 <0.01 5.84 0.97-50.07 0.054 30.2 9.34-137.4 <0.01 7.38 1.20-57.37 0.03
Diabetes mellitus 9.36 4.06-23.3 <0.01 4.43 1.39-1542 0.01 6.75 2.55-20.3 <0.01 142 0.26-8.39 0.68
Smoking 1.45 0.64-3.29 0.37 2.63 0.93-8.20 0.07
Dyslipidemia 2.24 0.999-5.11 0.05 242 1.06-5.73 0.04 0.72 0.15-3.09 0.66
ACEls and/or ARBs 6.22 2.74-14.89 <0.01 134 0.41-4.33 0.62 7.11 3.00-17.93 <0.01 3.92 0.87-20.25 0.07
Diuretics 9.49 3.0641.85 <0.01 3.11 0.71-17.34 0.14 5.33 1.89-17.60 <0.01 0.81 0.13-4.89 0.82
Body mass index (kgm2) 0.98 0.89-1.08 0.70 1.10 0.99-1.22 0.07
Proteinuria (gday!) 1.29 1.11-1.54 <0.01 0.97 0.75-1.28 0.83 1.21  0.99-1.53 0.06
Serum albumin 0.33 0.18-0.57 <0.01 0.74 0.25-2.16 0.59 0.91 0.52-1.60 0.75
C-reactive protein (mgdI-1) 0.70 0.23-1.93 0.48 206 0.91-124 0.09
Hb (gdI1) 0.67 0.55-0.80 <0.01 096 0.70-1.33 0.81 0.66 0.51-0.83 <0.01 0.77 0.48-1.22 0.12
Serum phosphorus (mgdi-1) 2.88 1.57-5.82 <0.01 146 0.59-4.00 0.43 3.05 1.56-6.83 <0.01 136 0.41-5.51 0.28
eGFR (mImin~1 per 1.73m?) 0.96 0.94-0.98 <0.01 1.00 0.96-1.04 0.99 0.96 0.95-0.98 <0.01 1.03 0.99-1.07 0.12
Serum uric acid (mgdI1) 1.29 1.01-1.69 0.04 1.11 0.74-1.72 0.62 226 1.63-3.34 <0.01 191 1.14-3.61 0.03

Abbreviations: ACEls, angiotensin-converting enzyme inhibitors; ARBs, angiotensin |l receptor blockers; Cl, confidence interval; eGFR, estimated glomerular filtration rate; Hb, hemoglobin;

OR, odds ratio.

had higher SUA levels, and a higher prevalence of LVH, compared
with those <45 years of age. Given that female subjects >45 years of
age had lower kidney function compared with those <45 years of age,
this observation may be partly attributable to the higher prevalence of
advanced CKD stages in female subjects >45 years of age. In post-
menopausal women, increased SUA levels may result from
menopause-related metabolic changes, and might correlate with an
increased risk of coronary artery disease.*> It is possible that the role
of SUA as a risk for CV disease becomes more obvious for patients
with a generally lower risk profile, such as women.??

This study has some limitations. First, the sample size was relatively
small. A larger cohort study will be needed to avoid study bias and to
document more precisely the relationship between SUA and cardiac
hypertrophy. Second, most of our subjects were treated with
antihypertensive agents: 55% of subjects received ACEIs and/or ARBs,
which are known to prevent cardiac hypertrophy.® However,
univariate analysis showed that use of ACEIs and/or ARBs was
associated with increased LVMI and higher prevalence of LVH in both
sexes. It seems reasonable that ACEIs and/or ARBs were
predominantly used for patients with cardiac hypertrophy.
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Multivariate analysis showed that the use of diuretics was an
independent variable associated with LVMI in men. This finding
may reflect the tendency for patients with higher LVMI to receive
diuretics more often.

In conclusion, our results show an independent association
between SUA levels and LVH and LVMI in female subjects, but not
in male subjects. This finding suggests that an association between
SUA levels and the development of LVH and LVMI is more likely in
women than in men.
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