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Abstract

HCM.

Background: Serum uric acid (SUA) is associated with left ventricular hypertrophy in a wide spectrum of study
population. However, whether this association exists in patients with hypertrophic cardiomyopathy (HCM, including
obstructive HCM), and if present, whether gender has any impact on this association, remains unknown.

Methods: A total of 161 patients with obstructive HCM (age 47.2 + 10.8 years, 99 (62 %) men) were included in this

study. All patients underwent extensive clinical, laboratory, echocardiographic, and cardiac magnetic resonance
(CMR) imaging examinations. Left ventricular mass index (LVMI) was assessed using CMR.

Results: The mean value of SUA was 3534 + 87.5 umol/L. Both SUA levels (381.2 + 864 vs. 309.0 + 69.3 umol/L, p < 0.001)
and LVMI (96.2 +32.1 vs. 844 + 324 g/m? p =0025) were significantly higher in men than in women. LVMI increased
progressively across sex-specific tertiles of SUA in women (p = 0.030), but not in men (p=0.177). SUA was positively
correlated with LVMI in female patients (r=0.372, p = 0.003), but not in males (r=0.112, p=0.269). On multivariate linear
regression analysis, SUA was independently associated with LVMI in females (3= 0.375, p=0.002), but not in males.

Conclusions: SUA levels are significantly and independently associated with LVMI in women with obstructive HCM, but
not in men. Our findings imply the potential significance of urate-lowering regimens in female patients with obstructive

Keywords: Gender difference, Uric acid, Left ventricular mass index, Obstructive hypertrophic cardiomyopathy

Background

Serum uric acid (SUA), as an end metabolite of purine
degradation, is associated with multiple established car-
diovascular risk factors, including hypertension, diabetes
mellitus, dyslipidemia, obesity, and metabolic syndrome
[1-5]. Although its importance in cardiovascular condi-
tions remains controversial [6], elevated SUA has been
shown to be an independent predictor for the incidence
and adverse cardiovascular outcomes of coronary heart
disease, myocardial infarction, heart failure, stroke, atrial
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fibrillation, and chronic kidney disease (CKD) [7-12].
Baseline SUA levels are also related to an increased risk
for cardiovascular and all-cause mortality in the general
population [13]. Multiple studies, although not all, have
demonstrated that SUA levels are significantly and inde-
pendently associated with left ventricular hypertrophy
(LVH) and left ventricular mass index (LVMI) in the
general population and in patients with essential hyper-
tension, CKD, and renal transplant [14—24]. Moreover,
divergent sex differences in the relationship between
SUA and LVH have been observed. Some studies found
this relationship only present in males [14, 16, 18, 25],
while others only in females [17, 20, 22].

Hypertrophic cardiomyopathy (HCM) is a common
inherited heart disease, mainly with an autosomal
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dominant pattern, and caused by more than 1500 indi-
vidual mutations in 11 or more genes encoding cardiac
sarcomere proteins [26, 27]. It can lead to heterogeneous
clinical presentations, ranging from asymptomatic status
with normal longevity to progressive heart failure, atrial
fibrillation with risk for embolic stroke, and sudden
death [27, 28]. HCM is characterized by unexplained
LVH, as well as myocyte disarray, replacement fibrosis,
and small vessel disease [29]. Quite recently, uric acid
has been reported to be independently associated with
adverse prognosis in patients with HCM [30]. However,
the pathophysiological mechanisms underlying this asso-
ciation have not been elucidated. There are scanty data
regarding the relationship between SUA and LVH in pa-
tients with HCM [30]. In addition, it is well known that
the majority of HCM patients (about 70 %) have left
ventricular outflow tract (LVOT) obstruction present at
rest or with physiologic exercise [31]. Accordingly, the
aim of our study was to examine in patients with ob-
structive HCM the association between SUA and LVMI
(as assessed by cardiac magnetic resonance (CMR) im-
aging) and to evaluate whether gender has any impact
on this association.

Methods

Patients

Between November 2008 and August 2013, consecutive
patients with obstructive HCM who were referred to
Fuwai Hospital (Beijing, China) for a comprehensive car-
diac evaluation were enrolled in this study. HCM was di-
agnosed by an otherwise unexplained increase in left
ventricular wall thickness (=15 or >13 mm with a definite
family history of HCM), as determined with echocardiog-
raphy or CMR [26]. LVOT obstruction was considered as
a peak instantaneous LVOT pressure gradient 230 mmHg
at rest or during physiological provocation such as Val-
salva maneuver, standing, and exercise [26]. A complete
evaluation was performed in each enrolled patient, includ-
ing demographic characteristics, medical history, physical
examination, 12-lead electrocardiography (ECG), 24-h
ambulatory ECG monitoring, transthoracic echocardiog-
raphy (TTE), routine blood tests, CMR, and coronary
angiography. Patients with the following conditions were
excluded from the present study: significant coronary ar-
tery disease (epicardial coronary stenosis >70 % on coron-
ary angiography, previous myocardial infarction, bypass
surgery, or percutaneous coronary intervention), valvular
heart disease, left ventricular ejection fraction (LVEF)
<50 % as measured by echocardiography or CMR, cere-
brovascular disease, renal dysfunction (defined as an esti-
mated glomerular filtration rate (eGFR) <60 mL/min/
1.73 m?), gout, concomitant neoplasm, infection, connect-
ive tissue disease, pregnancy, or breast feeding. None of
the included patients were receiving any urate-lowering
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agents. Patients with a history of alcohol septal ablation,
septal myectomy, or permanent mechanical device im-
plantation were also excluded. Eventually, 161 patients
were included in the current study.

The study protocol was approved by the Ethics Com-
mittee of Fuwai Hospital and conducted in accordance
with the Declaration of Helsinki. All patients gave their
written informed consent.

Echocardiography

TTE was performed by an experienced cardio-sonographer
using the Phillips iE33 Color Doppler Ultrasound System
(Philips Healthcare, Andover, MA, USA). M-mode, two-
dimensional, and pulsed and continuous-wave Doppler
studies were utilized in the standard evaluation according
to the guidelines of the American Society of Echocardiog-
raphy [32]. All patients underwent resting LVOT gradient
measurements with continuous-wave Doppler echocardiog-
raphy, while LVOT gradient after provocation was only de-
termined in those with a resting LVOT gradient
<50 mmHg. The severity of mitral regurgitation (MR),
graded from mild to severe in accordance with European
association of echocardiography criteria, was evaluated
semi-quantitatively using color Doppler flow imaging [33].

CMR protocol and image analysis

CMR imaging was performed on a 1.5-T scanner
(Magnetom Avanto, Siemens Medical Solutions, Erlangen,
Germany) with electrocardiographic gating and breath
holding, as described in detail previously [34, 35]. Briefly,
cine images were obtained by a true fast imaging with
steady-state precession (TrueFisp) sequence, in left ven-
tricular (LV) two-chamber and four-chamber long-axis
views, LVOT view, and LV short-axis views (contiguous
slices from the apex to base for the full coverage of LV).
The following imaging parameters were used: slice thick-
ness 6 mm, repetition time 2.7 ms, echo time 1.2 ms, field
of view 360 x 315 mm?, flip angle 70°, temporal resolution
40 ms, and image matrix 192 x 162.

All CMR images were analyzed off-line by an experi-
enced radiologist, using dedicated software (version
VE36A, ARGUS, Siemens, Germany) for image analysis.
The LV endocardial and epicardial contours were manu-
ally planimetried at end diastole and end systole on each
short-axis slice, taking special care to exclude the papillary
muscles from the total myocardial mass. LV volumes,
LVEF, and LV mass (LVM) were then derived in a stand-
ard manner. LVM was calculated from the LV myocardial
volume (measured at end diastole) multiplied by the
specific gravity of myocardium (1.05 g/mL). All of those
measurements were indexed to body surface area (BSA) in
square meter, except LVEF. The LV end-diastolic diameter
(LVEDD) and maximal wall thickness were determined on
the short-axis cine images at end diastole.
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Biochemical measurements

Venous blood samples were taken in the early morning
after an overnight fast, within 2 days of TTE and 1 week
of CMR examination. All of those samples were sent to
the clinical laboratory of Fuwai hospital immediately and
analyzed by medical technologists who were unaware of
any clinical information about the study patients. Serum
levels of creatinine, uric acid, total cholesterol (TC), triglyc-
erides (TG), high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C), fasting
blood glucose (FBG), and high-sensitivity C-reactive
protein (hs-CRP) were measured by routine laboratory
methods using an Olympus AU-5400 auto-analyzer
(Olympus Corporation, Mishama, Japan). SUA concentra-
tions were determined using the uricase colorimetric assay
(Uric Acid Kit, Biosino, Beijing, China). Plasma levels of
N-terminal pro-B-type natriuretic peptide (NT-proBNP)
were also measured, with an electrochemiluminescent im-
munoassay (Elecsys proBNP II assay, Roche Diagnostics
GmbH, Mannheim, Germany) on a Cobas 6000 analyzer
(Roche Diagnostics). The eGFR (mL/min/1.73 m?) was
calculated using the Chronic Kidney Disease Epidemi-
ology Collaboration (CKD-EPI) equation [36]. Dyslipid-
emia was defined as those with serum LDL-C
>3.37 mmol/L, TG >1.70 mmol/L, HDL-C <1.04 mmol/L,
or the use of lipid-lowering drugs.

Statistical analysis

Continuous variables are presented as either mean +
standard deviation (SD) or median (interquartile range
(IQR)), according to their distribution. Categorical vari-
ables are shown as frequencies (percentages). Differences
of continuous variables were assessed with the inde-
pendent Student’s ¢ test, Mann—Whitney U test, one-
way analysis of variance (followed by the Dunnetts ¢
test for multiple comparisons) or Kruskal-Wallis H
test (as appropriate). Categorical variables were com-
pared using the x* test or Fisher’s exact test (as appropri-
ate). The simple correlation between two continuous
variables was examined using the Pearson or Spearman
correlation test (as appropriate). To evaluate if SUA was
an independent risk factor for LVMI in our patients with
obstructive HCM, stepwise multiple linear regression ana-
lysis (p value threshold to enter <0.05; to remove, <0.10)
was applied by adjusting for potential confounding factors
affecting LVMI. All data analyses were undertaken using
the statistical package SPSS 21.0 (SPSS Inc, Chicago, IL,
USA). A two-tailed p <0.05 was considered statistically
significant.

Results

The mean age of the 161 obstructive HCM patients was
47.2 +10.8 years (range, 20-71 years), and there were 99
males and 62 females. Most (86 %) of them had moderate
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or severe dyspnea (NYHA functional class III/IV). Mean
resting LVOT gradient was 78.6 + 32.4 mmHg. The con-
centrations of SUA ranged from 155.9 to 648.1 pumol/L
(mean, 353.4 + 87.5 pmol/L). The demographic and clin-
ical parameters of those patients, analyzed on the
basis of gender, are presented in Table 1. Men were
younger (45.4+10.0 vs. 50.1+11.5 vyears, p=0.008)
and more likely to smoke (58 vs. 3 %, p <0.001) than
women. As expected, SUA levels (381.2+86.4 vs.
309.0 £ 69.3 pmol/L, p<0.001) and LVMI (96.2 + 32.1
vs. 84.4+324 g/m? p=0.025) were significantly
higher in men than in women. In addition, compared
with women, men had significantly higher body mass
index (BMI), left ventricular end-diastolic diameter
(LVEDD) and LVM, and lower levels of HDL-C and NT-
proBNP. The values of eGFR (101.7+12.8 vs. 99.8 +
14.6 mL/min/1.73 m? p=0.386) were comparable be-
tween the two genders, although serum creatinine (77.2 +
11.3 vs. 60.1 + 11.2 umol/L, p < 0.001) was greater in men
than in women.

The demographic and clinical data of the study patients
on the basis of sex-specific tertiles of SUA are reported in
Table 2. In male patients, BMI (p =0.022), serum TG
(p=0.001), and left atrial (LA) diameter (p =0.025)
increased significantly with ascending SUA tertiles.
Men in the third tertile had significantly lower resting
LVOT gradient than those in the second tertile (p < 0.05).
Compared with the first and second tertiles, the preva-
lence of resting LVOT gradient 230 mmHg was signifi-
cantly lower in the third tertile (p=0.003). Of note,
LVMI did not differ significantly across SUA tertiles
in men (p =0.177), whereas it did show a progressive
increase with growing tertiles of SUA in women (p =
0.030, Fig. 1). There were no significant differences
with respect to age, eGFR, hs-CRP, NT-proBNP,
medications taken (including loop and thiazide di-
uretics), maximal wall thickness (MWT), LVM and
the prevalence of hypertension, diabetes mellitus,
smoking, and dyslipidemia among the SUA tertiles in both
sexes. BMI (p = 0.820), resting LVOT gradient (p = 0.398),
and the percentage of menopause (p = 0.863) were similar
across tertiles of SUA in females.

In males, SUA was positively correlated with BMI
(r=0.309, p=0.002), TG (r=0.343, p =0.001), hs-CRP
(r=0.198, p=0.049), and LA diameter (r=0.247, p =
0.014), while negatively with HDL-C (r=-0.259, p =
0.010; Table 3). No significant correlations were found
between SUA and LVM (r=0.144, p=0.155) and
LVMI (r=0.112, p=0.269; Fig. 2) in men. In females,
SUA was significantly associated with hs-CRP (r=0.264,
p=0.038), LA diameter (r=0.277, p=0.029), LVM (r=
0.330, p=0.009), and LVMI (r=0.372, p = 0.003; Fig. 2).
In addition, there were no significant correlations between
SUA levels and age, blood pressures, eGFR, TC, fasting
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Table 1 Demographic and clinical characteristics of the obstructive hypertrophic cardiomyopathy patients according to gender

Variable Male (n=99) Female (n=62) p value
Age (years) 454+100 501115 0.008
Body mass index (kg/m?) 263+34 246+£30 0.004
Hypertension 26 (26 %) 22 (36 %) 0213
Diabetes mellitus 5 (5 %) 12 %) 0488
Dyslipidemia 32 (32 %) 15 (24 %) 0.27
Current smokers 57 (58 %) 2 (3 %) <0.001
Duration of obstructive HC (months) 12 (2-48) 12 (2-48) 0.729
NYHA functional class 0.636
I 4 (4 %) 5 (8 %)
Il 10 (10 %) 4 (7 %)
Il 71 (72 %) 41 (66 %)
Y 14 (14 %) 12 (19 %)
Syncope 30 (30 %) 23 (37 %) 0.372
Family history of HC 20 (20 %) 16 (26 %) 0.406
Family history of sudden death 11 (11 %) 6 (10 %) 0.773
Systolic blood pressure (mmHg) 1172+16.1 1175+193 0.902
Diastolic blood pressure (mmHg) 738+ 11.1 716+112 0.226
Heart rate (beats/min) 686+99 708+128 0.252
Atrial fibrillation 7 (7 %) 6 (10 %) 0.555
Non-sustained ventricular tachycardia® 4 (5 %) 5 (10 %) 0433
Medications
Beta-blockers 79 (80 %) 45 (73 %) 0.289
Calcium antagonists 26 (26 %) 25 (40 %) 0.062
Amiodarone 5 (5 %) 2 (3 %) 0877
ACEI/ARB 11 (11 %) 14 (23 %) 0.051
Statins 10 (10 %) 8 (13 %) 0.583
Aspirin 25 (25 %) 15 (24 %) 0.880
Diuretics 4 (4 %) 5(8 %) 0.466
Laboratory data
Serum creatinine (umol/L) 772+113 60.1+11.2 <0.001
eGFR (mL/min/1.73 m?) 101.7+£128 99.8+ 146 0.386
Blood glucose (mmol/L) 4.85+0.59 485+ 062 0.978
HbATc (%) 559+053 560+ 052 0.993
Total cholesterol (mmol/L) 462 +1.01 454+1.00 0.604
HDL cholesterol (mmol/L) 1.07+£0.25 126 £0.30 <0.001
LDL cholesterol (mmol/L) 289+092 276+0.75 0380
Triglycerides (mmol/L) 1.69+093 152+083 0.251
hs-CRP (mg/L) 1.25 (0.60-2.14) 0.96 (0.40-1.94) 0318
NT-proBNP (pmol/L) 1154.1 (775.5-1692.5) 1811.9 (869.6-2816.0) 0.002
Serum uric acid (umol/L) 381.2+864 309.0+693 <0.001
Echocardiography
Systolic anterior motion 94 (95 %) 58 (94 %) 0.981
Moderate or severe mitral regurgitation 36 (36 %) 25 (40 %) 0614
LVOTG at rest (mmHg) 779+325 79.7 £325 0.735
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Table 1 Demographic and clinical characteristics of the obstructive hypertrophic cardiomyopathy patients according to gender

(Continued)
LVOTG after provocation (mmHg)b 95.7 +289 878+ 158 0312
LVOTG at rest 230 mmHg 93 (94 %) 57 (92 %) 0.865

Cardiac magnetic resonance
Left atrium diameter (mm) 398+76 40.7+79 0483
LV end-diastolic diameter (mm) 464 £ 4.1 447 £ 4.1 0.010
Maximum wall thickness (mm) 235+44 23.0+54 0.543
Maximum wall thickness =230 mm 8 (8 %) 5 (8 %) 0.997
LV ejection fraction (%) 722+72 720+73 0.893
LV mass (g) 1806+ 649 1374+533 <0.001
LV end-diastolic volume index (mL/m?) 65.1+14.1 639+ 139 0.61
LV end-systolic volume index (mL/m?) 18.1+6.1 181170 0.976
Stroke volume index (mL/m?) 470+113 458+ 96 0496
Cardiac index (L/min/m?) 3.12+0.77 3.13+081 0.925
LV mass index (g/m?) 96.2 +32.1 844 +324 0.025

Data are expressed as mean * SD, number (percentage), or median (interquartile range)

ACEl angiotensin-converting enzyme inhibitor, ARB angiotensin receptor blocker, eGFR estimated glomerular filtration rate, HbATc glycated hemoglobin, HC hypertrophic
cardiomyopathy, HDL high-density lipoprotein, hs-CRP high-sensitivity C-reactive protein, LDL low-density lipoprotein, LV left ventricular, LVOTG left ventricular outflow tract
gradient, NT-proBNP N-terminal pro-B-type natriuretic peptide, NYHA New York Heart Association

?Ambulatory 24-h Holter monitoring results were available in 127 of the 161 study patients

PLVOTG was provoked in 50 of the 161 study patients

blood glucose (FBG), glycated hemoglobin (HbA1lc), NT-
proBNP, LVOT gradient (at rest or after provocation),
MWT, or LVEF in each gender group.

SUA concentrations were similar between smokers
and non-smokers in both men and women (data not
shown). Additionally, SUA levels did not differ between
patients with and without hypertension, diabetes melli-
tus, or dyslipidemia, in either male or female subgroups.
Likewise, the use of loop or thiazide diuretics, as well as
angiotensin-converting enzyme inhibitors or angiotensin
receptor blockers, did not affect SUA concentrations in
both genders. In females, there were no significant dif-
ferences in SUA levels between patients with menopause
(n = 31) and those without (7 = 31; 312.9 + 66.9 vs. 305.1
+72.6 pmol/L, p = 0.665).

Multiple linear regression analysis was performed to
determine whether the correlations between SUA and
LVMI observed in females on univariate analysis were
still significant after controlling for potential confounding
factors affecting LVML In females, SUA was independently
associated with LVMI (=0.375, p =0.002), after adjust-
ment for age, menopause, BMI, hypertension, diabetes mel-
litus, dyslipidemia, smoking, eGFR, usage of ACEI/ARB,
usage of diuretics, hs-CRP, duration of obstructive HCM,
and resting LVOT gradient (Table 4). In addition, resting
LVOT gradient was also independently associated with
LVMI in women (S =0.320, p = 0.007). However, on mul-
tiple linear regression analysis including the same covari-
ables (except menopause) as in females, no variables were
entered into the equation for males. Moreover, replacing

hypertension with systolic and diastolic blood pressures,
diabetes mellitus with FBG or HbAlc, dyslipidemia with
TC, TG, LDL-C, and HDL-C, and eGFR with serum cre-
atinine in those models did not materially alter the inde-
pendent associations between SUA and LVMI in women
(8 =0.345, p =0.003). Similarly, not any covariates were in-
dependently related to LVMI in men.

Discussion

A large body of evidence suggests that SUA levels are
significantly related to LVH and LVMI in different study
populations, including patients with essential hyperten-
sion, CKD and renal transplant, and the general popula-
tion. Iwashima et al. demonstrated that SUA was
independently associated with LVMI in 619 hypertensive
patients [21]. Moreover, they also showed that hyperuri-
cemia combined with LVH was an independent and
powerful predictor for cardiovascular disease, including
myocardial infarction, angina pectoris, congestive heart
failure, cerebral infarction, and transient cerebral ische-
mia. In a total of 540 patients with CKD, SUA was posi-
tively correlated with LVMI [23], which was further
validated in female CKD patients of another study [22].
After adjustment for potential confounding factors, a
significant and independent relationship between SUA
and LVMI was observed in renal transplant recipients
[24]. In a general population of 3305 males, the preva-
lence of LVH diagnosed by electrocardiography was in-
dependently associated with SUA concentration [14].
Recently, Zhu et al. reported that MWT increased



Table 2 Demographic and clinical characteristics of the obstructive hypertrophic cardiomyopathy patients according to gender-specific tertiles of serum uric acid

Male Female
Variable First tertile Second tertile Third tertile p value First tertile Second tertile Third tertile p value
(n=133) (n=33) (n=33) (n=20) (n=21) (n=21)
Serum uric acid range (umol/L) <3427 342.7-4108 >410.8 <266.3 266.3-328.2 >3282
Age (years) 452 %101 459+108 452+94 0.959 485+129 509+94 508+125 0.755
Body mass index 25135 260+£33 274+29 0.022 25030 244+26 245+34 0.820
(kg/m?)
Menopause - - - - 9 (45 %) 1 (52 %) 1(52 %) 0.863
Hypertension 8 (24 %) 1333 %) 7 21 %) 0.508 6 (30 %) 8 (38 %) 8 (38 %) 0.824
Diabetes mellitus 309 %) 0 (0 %) 2 (6 %) 0.365 0 (0 %) 1(5 %) 0 (0 %) 1.000
Dyslipidemia 8 (24 %) 0 (30 %) 14 (42 %) 0.274 3 (15 %) 5 (24 %) 7 (33 %) 0408
Current smokers 8 (55 %) 8 (55 %) 1 (64 %) 0.689 0 (0 %) 1(5 %) 1 (5 %) 1.000
Duration of obstructive HC (months) 7 (1.5-42) 2 (2-66) 12 (1.5-60) 0435 12 (1.25-36) 12 (1.5-24) 12 3-72) 0.562
NYHA class Ill/IV 27 (82 %) 0 (91 %) 28 (85 %) 0672 16 (80 %) 19 (91 %) 18 (86 %) 0610
Syncope 10 (30 %) 8 (24 %) 12 (36 %) 0.563 6 (30 %) 7 (33 %) 10 (48 %) 0459
Family history of HC 8 (24 %) 9 (27 %) 309%) 0.143 8 (40 %) 4 (19 %) 4 (19 %) 0.212
Family history of sudden death 5(15 %) 412 %) 2 (6 %) 0614 4 (20 %) 0 (0 %) (10 %) 0.073
Systolic blood pressure (mmHg) 1198+ 169 1183+17.7 113.5+132 0.256 1145+135 120.5+20.7 11754229 0616
Diastolic blood pressure (mmHg) 739+£109 748125 72.7£99 0.742 693 +86 751129 704£11. 0.257
Heart rate (beats/min) 67.8+95 69.1+106 688+9.7 0.861 724 +£14.1 66.6+8.7 735+ 144 0.147
Atrial fibrillation 0 (0 %) 309 %) 4 (12 %) 0.156 2 (10 %) 1(5 %) 3 (14 %) 0682
Non-sustained ventricular tachycardia® 2 (8 %) 1 (4 %) 1 (4 %) 0.836 16 %) 1 (6 %) 3 (21 %) 0414
Medications
Beta-blockers 26 (79 %) 30 (91 %) 23 (70 %) 0.098 14 (70 %) 18 (86 %) 13 (62 %) 0213
Calcium antagonists 12 (36 %) 10 (30 %) 4 (12 %) 0.066 525 %) 9 (43 %) 11 (52 %) 0.194
Amiodarone 2 (6 %) 13 %) 2 (6 %) 1.000 0 (0 %) 1(5 %) 1(5 %) 1.000
ACEI/ARB 6 (18 %) 2 (6 %) 39 %) 0370 4 (20 %) 4 (19 %) 6 (29 %) 0.801
Statins 2 (6 %) 6 (18 %) 2 (6 %) 0.208 1(5 %) 3 (14 %) 4 (19 %) 0.508
Aspirin 5(15 %) 9 (27 %) 11 (33 %) 0223 6 (30 %) 3 (14 %) 6 (29 %) 0498
Diuretics 0 (0 %) 309 %) 13 %) 0320 2 (10 %) 1(5 %) 2 (10 %) 0.864
Laboratory data
Serum creatinine (umol/L) 737 +121 79.5+100 784+11.2 0.089 59.1+£125 599+128 61.3+£85 0.824
eGFR (mL/min/1.73 m?) 1044 +11.1 99.7+13.6 101.2+133 0313 101.5+£ 170 985+13.7 996+ 134 0.805
Fasting blood glucose (mmol/L) 4.77+0.70 4.85+ 046 494+ 058 0.509 496 +0.55 4.82+082 478+043 0.645
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Table 2 Demographic and clinical characteristics of the obstructive hypertrophic cardiomyopathy patients according to gender-specific tertiles of serum uric acid (Continued)

HbA1c (%) 5.56 £0.40 555+0.54 5.68 £0.63 0.528 545+0.26 569+0.78 564 +0.35 0316
Total cholesterol (mmol/L) 434+0.73 468+1.18 485+1.03 0.108 421£089 476+0.96 462+1.09 0.186
HDL cholesterol 1.13+024 1.07£0.28 1.01£0.20 0.144 126+037 123+0.21 129+0.32 0.814
(mmol/L)
LDL cholesterol 2611071 3.00+1.04 3.05+0.95 0.102 243+0.71 294+077 290+0.70 0.056
(mmol/L)
Triglycerides (mmol/L) 1.36+0.58 152 +0.64 218+123 0.001 1.34+082 162+0.78 1.61£091 0476
hs-CRP (mg/L) 111 1.26 1.36 0.291 1.04 0.81 1.67 0111
(030-2.12) (0.69-1.83) (0.88-2.99) (0.39-1.78) (0.28-1.65) (0.68-2.96)
NT-proBNP (pmol/L) 11409 13149 1154.1 0536 15182 13925 23082 0299
(863.9-1459.1) (812.5-2089.4) (699.6-1578.7) (862.2-2670.2) (833.6-2558.0) (1205.9-2966.6)
Serum uric acid (umol/L) 2925+428 3733£19.1 4776540 <0.001 2364+ 220 2982+130 388.9+440 <0.001
Echocardiography
Systolic anterior motion 30 (91 %) 33 (100 %) 31 (100 %) 0.365 18 (90 %) 20 (95 %) 20 (95 %) 0.684
Moderate or severe MR 13 (39 %) 12 (36 %) 11 (33 %) 0877 10 (50 %) 7 (33 %) 8 (38 %) 0.536
LVOTG at rest (mmHg) 781275 89.7£344 66.0+316 0011 81.3+335 85.7+32.1 72.2+321 0398
LVOTG at rest 230 mmHg 33 (100 %) 33 (100 %) 27 (82 %) 0.003 18 (90 %) 20 (95 %) 19 (91 %) 0.864
LVOTG after provocation (mmHg)® 96.2+359 989+216 91.7+£302 0.843 90.6+80 883+20.7 856+ 188 0877
Cardiac magnetic resonance
Left atrium diameter (mm) 37.8+£66 39.1+£83 426+72 0.025 396+86 388+6.5 438+80 0.088
LV end-diastolic diameter (mm) 468+36 462+52 463+34 0.828 45145 456+38 434+39 0213
Maximum wall thickness (mm) 23.1£36 243+£56 230£36 0.449 23.1£35 21.9+43 240+74 0429
Maximum wall thickness =230 mm 13 %) 5(15 %) 2 (6 %) 0.266 1(5 %) 1 (5 %) 3 (14 %) 0.605
LV ejection fraction (%) 715+75 727 +46 724+89 0.775 721+78 712+7.1 727+73 0.805
LV mass (g) 1625+452 1944+778 1850+652 0.122 1176+375 136.6 £ 50.5 1570+63.0 0.058
LV end-diastolic volume index (mL/m?) 652+123 662+ 15.1 639+15.1 0.797 60.1£10.0 698+ 164 61.8+130 0.053
LV end-systolic volume index (mL/m?) 187+6.7 179+46 17770 0.786 169+73 204+76 169+58 0177
Stroke volume index (mL/m?) 465+94 483+120 462+126 0.723 432+69 493+107 448+99 0.100
Cardiac index (L/min/m?) 3.16£0.69 3.16+£092 3.02+£0.70 0.709 299+ 061 331+£087 3.07+£0.89 0.398
LV mass index (g/m?) 88.7+237 1034 +37.0 96.6+334 0.177 7124231 83.7+313 97.7+£369 0.030

TT:£(9107) saduaiayiq x3s jo ABojoig v 12 bueyz

Data are expressed as mean * SD, number (percentage), or median (interquartile range)
MR mitral regurgitation and other abbreviations as in Table 1

#Ambulatory 24-h Holter monitoring results were available in 127 of the 161 study patients
PLVOTG was provoked in 50 of the 161 study patients

Z1 jo £ °bed
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Fig. 1 Left ventricular mass index across sex-specific tertiles of serum uric acid in men and women. p values are for differences across tertiles of
serum uric acid in each gender

significantly with ascending tertiles of SUA in patients
with HCM [30]. During a mean follow-up of 5 years in
that study, elevated uric acid levels independently pre-
dicted adverse outcomes of HCM. However, the associ-
ation between SUA and LVMI remains unclear in
patients with HCM (including obstructive HCM). In the
current investigation, SUA was positively correlated with
LVMI, but not with MWT, in women with obstructive
HCM on univariate analysis. After adjusting for possible
confounding factors which might affect LVMI, SUA was
still independently associated with LVMI in those female
patients. Considering that LVMI assessed by CMR was a
sensitive predictor for HCM-related death [37], the
significant relationship between SUA and LVMI found
in this study may, at least partially, account for the inde-
pendent prognostic values of SUA for adverse outcomes
in patients with HCM [30].

The precise mechanisms underlying the relationship
between SUA and LVMI found in this study are still un-
determined. Several possible pathophysiological mecha-
nisms are proposed as follows. First, it has been reported
that SUA increases tumor necrosis factor-alpha, stimu-
lates mitogen-activated protein kinases, and activates the
renin-angiotensin system, all of which are known to pro-
mote cardiac hypertrophy [38—40]. Second, two previous
studies have indicated that hyperuricemia may lead to
cardiac hypertrophy by increasing arterial stiffness,
which reflects the severity of LV afterload [15, 19]. Third,
SUA is the final product of purine metabolism and cata-
lyzed by xanthine oxidase (XO). SUA levels may reflect
the degree of XO activity and resultant oxidative stress,
which plays an important role in the development of
LVH [41]. Finally, as a common inheritable heart disease,
whether the association between SUA and LVMI ob-
served in our obstructive HCM patients is dependent on

cardiac sarcomere gene mutations or not remains
undefined.

Previous investigations examining the sex-specific rela-
tionship between SUA and LVH yielded conflicting re-
sults. In a cohort of essential hypertension, SUA was
independently associated with LVMI in both male and
female patients [21]. At least three prior studies that per-
formed sex-specific analyses demonstrated a positive as-
sociation of SUA with LVMI and prevalence of LVH in
female hypertensive and CKD patients, but not in their
male counterparts [17, 20, 22]. In contrast, some other
reports suggested that the independent association be-
tween SUA and LVH was only present in males of a gen-
eral population and men with hypertension [14, 16, 18].
To date, this is the first study to explore the sex differ-
ences in the relationship between SUA and cardiac
hypertrophy among obstructive HCM patients. As ex-
pected, SUA levels and LVMI were significantly higher
in men than in women. LVMI increased progressively
from the lower to the upper tertiles of SUA and was
positively correlated with SUA concentrations only in
our female obstructive HCM patients. The positive rela-
tionship between SUA and LVMI in women remained
significant even after adjustment for potential confound-
ing factors, in multivariate linear regression analysis. Al-
though we were unable to elucidate the definite causes
for this gender difference, sex hormones might play a
role in this regard [16, 17, 20, 22]. It is proposed that in-
creased renal clearance of urate related to estrogen in
premenopausal women may account for the lower SUA
levels observed in women than in men [20]. There was a
trend toward lower SUA levels in the premenopausal
women as compared with those of post-menopause in
our study; however, statistical significance was not
reached. In the first study to explore clinical implications
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Table 3 Correlations between serum uric acid and clinical parameters by gender
Male (n=99) Female (n=62)

Variable r p value r p value
Age (years) -0.03 0.768 0.095 0463
Body mass index (kg/mz) 0.309 0.002 0.064 0619
Duration of obstructive HC (months) 0.129 0.203 0.122 0.347
Systolic blood pressure (mmHg) -0.112 0.268 0.05 0.702
Diastolic blood pressure (mmHg) -0.053 0.601 0.013 0.922
Heart rate (beats/min) 0.015 0.881 0.124 0338
Serum creatinine (umol/L) 0.136 0.178 0.132 0.307
eGFR (mL/min/1.73 m?) —-0.065 0.524 -0.1 0.440
Fasting blood glucose (mmol/L) 0.113 0.264 0.004 0976
Total cholesterol (mmol/L) 0.16 0.113 0.092 0476
HDL cholesterol (mmol/L) -0.259 0.010 0.012 0.928
LDL cholesterol (mmol/L) 0.140 0.168 0.171 0.183
Triglycerides (mmol/L) 0.343 0.001 0.129 0319
hs-CRP (mg/L) 0.198 0.049 0.264 0.038
NT-proBNP (pmol/L) 0.049 0.633 0.162 0208
HbA1c (%) —-0.001 0.988 0.11 0397
LVOTG at rest (mmHg) —0.149 0.141 —0.095 0.462
LVOTG after provocation (mmHg)® 0.036 0.841 -0.126 0.643
Left atrium diameter (mm) 0.247 0.014 0277 0.029
LV end-diastolic diameter (mm) -0.072 0.480 -0.07 0.591
Maximum wall thickness (mm) -0.032 0.752 0.075 0.563
LV ejection fraction (%) 0.060 0.558 0.106 0413
LV mass (g) 0.144 0.155 0330 0.009
LV end-diastolic volume index (mL/m?) —-0.069 0499 0013 0.923
LV end-systolic volume index (mL/m?) -0.097 0341 -0.072 0577
Stroke volume index (mL/m?) -0.033 0.748 0.072 0.580
Cardiac index (L/min/m?) —0.081 0426 0.047 0.720
LV mass index (g/mz) 0.112 0.269 0372 0.003

Abbreviations as in Table 1
LVOTG was provoked in 50 of the 161 study patients

of plasma UA levels on the prognosis of patients with
HCM, Zhu et al. did not analyze by sex and only ad-
justed for sex in multivariate modeling [30]. Further
studies with larger population are required to clarify the
precise reasons for these gender differences regarding
the relationship between SUA and LVH.

It has been proven that allopurinol, via inhibition of
XO, could induce regression of LVH in humans in a
wide spectrum of diseases, including CKD, ischemic
heart disease, and type 2 diabetes mellitus [42—44]. The
significant association between SUA levels and LVMI
observed in our cohort suggests that the use of uric acid
lowering drugs (e.g., allopurinol), on the basis of conven-
tional drugs for HCM and septal reduction therapy, may
theoretically result in an improvement in LV hypertrophy

in patients with obstructive HCM, and subsequent ameli-
oration of cardiovascular outcomes in those patients. Fu-
ture prospective randomized placebo-controlled trials are
warranted to verify that hypothesis.

Of note, contrary to findings of the aforementioned lit-
erature, several other studies have indicated a lack of as-
sociation of SUA with LVH in hypertensive patients
[45—-47]. These discrepancies may partly be explained by
methodological differences and heterogeneity of patient
characteristics [45, 46]. Hence, whether the relationship
between SUA and LVH in our female patients with ob-
structive HCM is circumstantial or causal remains to be
clarified.

In accordance with a previous HCM report which
found that LVMI was greater in patients with LVOT
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obstruction at rest [37], our multivariate analysis showed
that resting LVOT gradient was independently associated
with LVMI in the female subgroup. Our findings provide
a further support to the hypothesis of secondary hyper-
trophy caused by impedance to LVOT in HCM [37].

Study limitations

This study has several limitations. First, this was a cross-
sectional and single-center study with relatively small
sample size. However, by using CMR which has superior
reproducibility, our study population may be large
enough to verify findings in the present study. Second,
we included patients who were taking loop or thiazide
diuretics, which might influence SUA levels. Neverthe-
less, usage of these medications was associated with
SUA neither in univariate nor in multivariate analysis in
this study. Third, all of our subjects enrolled were from
a selected population of Chinese patients with obstruct-
ive HCM, most of whom had severe dyspnea. The find-
ings of our study cannot be extrapolated to other ethnic
groups and those with non-obstructive HCM. Finally, al-
though HCM is a common genetic cardiac disease, no
genetic testing was performed in the current study. Fu-
ture studies with genotyping in this population would
clarify the potential effects of sarcomere mutations on
the relationship between SUA and LVML

Table 4 Multiple linear regression analysis for variables
associated with left ventricular mass index in women

Variable Standardized coefficients (8) p value
Uric acid 0375 0.002
LVOTG at rest 0.320 0.007

Multiple R =0.469, R? = 0.220, abbreviations as in Table 1

Conclusions

SUA levels are significantly and independently associated
with LVMI in female patients with obstructive HCM,
but not in males. These findings imply that usage of
urate-lowering drugs (e.g., allopurinol) to regress LVM
may be a new therapeutic target in women with ob-
structive HCM and could provide novel opportunities to
change the natural history of obstructive HCM, espe-
cially in women. Further studies are needed to confirm
that hypothesis.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

CZ conceived and designed the study and drafted the manuscript. SQ, WY,
and FH conceived the study, participated in its design and coordination, and
helped to draft the manuscript. RL and JY participated in the data collection
and interpretation and performed the statistical analysis. YZ, JC, and CY
carried out the cardiac magnetic resonance image analysis. All authors read
and approved the final manuscript.

Acknowledgements
The authors thank Fujian Duan for his important contribution in
transthoracic echocardiographic examination.

Author details

'Department of Cardiology, State Key Laboratory of Cardiovascular Disease,
Fuwai Hospital, National Center for Cardiovascular Disease, Chinese Academy
of Medical Sciences and Peking Union Medical College, No.167 Beilishi Road,
Xicheng District, Beijing 100037, China. “Department of Radiology, State Key
Laboratory of Cardiovascular Disease, Fuwai Hospital, National Center for
Cardiovascular Disease, Chinese Academy of Medical Sciences and Peking
Union Medical College, No.167 Beilishi Road, Xicheng District, Beijing 100037,
China.

Received: 19 December 2015 Accepted: 30 March 2016
Published online: 05 April 2016



Zhang et al. Biology of Sex Differences (2016) 7:22

References

1.

20.

21.

22.

Wang J, Qin T, Chen J, Li Y, Wang L, Huang H, et al. Hyperuricemia and risk
of incident hypertension: a systematic review and meta-analysis of
observational studies. PLoS One. 2014:9:2114259.

Jia Z, Zhang X, Kang S, Wu Y. Serum uric acid levels and incidence of
impaired fasting glucose and type 2 diabetes mellitus: a meta-analysis of
cohort studies. Diabetes Res Clin Pract. 2013;101:38-96.

Athyros VG, Elisaf M, Papageorgiou AA, Symeonidis AN, Pehlivanidis AN,
Bouloukos VI, et al. Effect of statins versus untreated dyslipidemia on serum
uric acid levels in patients with coronary heart disease: a subgroup analysis
of the GREek Atorvastatin and Coronary-heart-disease Evaluation (GREACE)
study. Am J Kidney Dis. 2004;43:589-99.

Johnson RJ, Nakagawa T, Sanchez-Lozada LG, Shafiu M, Sundaram S, Le M,
et al. Sugar, uric acid, and the etiology of diabetes and obesity. Diabetes.
2013;62:3307-15.

Ford ES, Li C, Cook S, Choi HK. Serum concentrations of uric acid and the
metabolic syndrome among US children and adolescents. Circulation. 2007;
115:2526-32.

Feig DI, Kang DH, Johnson RJ. Uric acid and cardiovascular risk. N Engl J
Med. 2008;359:1811-21.

Kim SY, Guevara JP, Kim KM, Choi HK, Heitjan DF, Albert DA. Hyperuricemia
and coronary heart disease: a systematic review and meta-analysis. Arthritis
Care Res (Hoboken). 2010;62:170-80.

Trkulja V, Car S. On-admission serum uric acid predicts outcomes after acute
myocardial infarction: systematic review and meta-analysis of prognostic
studies. Croat Med J. 2012;53:162-72.

Huang H, Huang B, Li Y, Huang Y, Li J, Yao H, et al. Uric acid and risk
of heart failure: a systematic review and meta-analysis. Eur J Heart Fail.
2014;16:15-24.

Kim SY, Guevara JP, Kim KM, Choi HK, Heitjan DF, Albert DA. Hyperuricemia
and risk of stroke: a systematic review and meta-analysis. Arthritis Rheum.
2009,61:885-92.

Tamariz L, Hernandez F, Bush A, Palacio A, Hare JM. Association between
serum uric acid and atrial fibrillation: a systematic review and meta-analysis.
Heart Rhythm. 2014;11:1102-8.

Li L, Yang C, Zhao Y, Zeng X, Liu F, Fu P. Is hyperuricemia an
independent risk factor for new-onset chronic kidney disease?: a
systematic review and meta-analysis based on observational cohort
studies. BMC Nephrol. 2014;15:122.

Zhao G, Huang L, Song M, Song VY. Baseline serum uric acid level as a
predictor of cardiovascular disease related mortality and all-cause mortality:
a meta-analysis of prospective studies. Atherosclerosis. 2013;231:61-8.
Mitsuhashi H, Yatsuya H, Matsushita K, Zhang H, Otsuka R, Muramatsu T, et
al. Uric acid and left ventricular hypertrophy in Japanese men. Circ J. 2009;
73:667-72.

Kuo CF, Yu KH, Luo SF, Ko YS, Wen MS, Lin YS, et al. Role of uric acid in the
link between arterial stiffness and cardiac hypertrophy: a cross-sectional
study. Rheumatology. 2010;49:1189-96.

Yoshimura A, Adachi H, Hirai Y, Enomoto M, Fukami A, Kumagai E, et al.
Serum uric acid is associated with the left ventricular mass index in males
of a general population. Int Heart J. 2014;55:65-70.

Matsumura K, Ohtsubo T, Oniki H, Fujii K, lida M. Gender-related association
of serum uric acid and left ventricular hypertrophy in hypertension. Circ J.
2006;70:885-8.

Kurata A, Shigematsu Y, Higaki J. Sex-related differences in relations of uric
acid to left ventricular hypertrophy and remodeling in Japanese
hypertensive patients. Hypertens Res. 2005,28:133-9.

Xaplanteris P, Vlachopoulos C, Vyssoulis G, Terentes-Printzios D,
Alexopoulos N, Lazaros G, et al. Uric acid levels, left ventricular mass
and geometry in newly diagnosed, never treated hypertension. J Hum
Hypertens. 2011;25:340-2.

Viazzi F, Parodi D, Leoncini G, Parodi A, Falqui V, Ratto E, et al. Serum
uric acid and target organ damage in primary hypertension.
Hypertension. 2005;45:991-6.

Iwashima Y, Horio T, Kamide K, Rakugi H, Ogihara T, Kawano Y. Uric acid, left
ventricular mass index, and risk of cardiovascular disease in essential
hypertension. Hypertension. 2006;47:195-202.

Yoshitomi R, Fukui A, Nakayama M, Ura Y, lkeda H, Oniki H, et al. Sex
differences in the association between serum uric acid levels and
cardiac hypertrophy in patients with chronic kidney disease. Hypertens
Res. 2014;37:246-52.

23.

24,

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

40.

42,

43.

Page 11 of 12

Chen SC, Chang JM, Yeh SM, Su HM, Chen HC. Association of uric acid and
left ventricular mass index with renal outcomes in chronic kidney disease.
Am J Hypertens. 2013;26:243-9.

Caliskan Y, Gorgulu N, Yelken B, Akturk F, Yazici H, Turkmen A, et al. Serum
uric acid level is associated with cardiac hypertrophy in renal transplant
recipients. Clin Transplant. 2011;25:368-74.

Young M, Fujita S-i, Okamoto Y, Shibata K, Morita H, Ito T, et al. Serum uric
acid is associated with left ventricular hypertrophy independent of serum
parathyroid hormone in male cardiac patients. PLoS One. 2013;8:82735.
Authors/Task Force m, Elliott PM, Anastasakis A, Borger MA, Borggrefe M,
Cecchi F, et al. 2014 ESC guidelines on diagnosis and management of
hypertrophic cardiomyopathy: the task force for the diagnosis and
management of hypertrophic cardiomyopathy of the European Society of
Cardiology (ESC). Eur Heart J. 2014;35:2733-79.

Maron BJ, Ommen SR, Semsarian C, Spirito P, Olivotto I, Maron MS.
Hypertrophic cardiomyopathy: present and future, with translation into
contemporary cardiovascular medicine. J Am Coll Cardiol. 2014;64:83-99.
Kubo T, Kitaoka H, Yamanaka S, Hirota T, Baba Y, Hayashi K, et al.
Significance of high-sensitivity cardiac troponin T in hypertrophic
cardiomyopathy. J Am Coll Cardiol. 2013;62:1252-9.

Elliott P, McKenna WJ. Hypertrophic cardiomyopathy. Lancet. 2004;363:
1881-91.

Zhu L, Wang J, Wang Y, Jia L, Sun K, Wang H, Zou Y, Tian T, Liu Y, Zou J,
Hui R, Yuan Z, Song L. Plasma uric acid as a prognostic marker in patients
with hypertrophic cardiomyopathy. Can J Cardiol. 2015;31:1252-8.

Maron MS, Olivotto |, Zenovich AG, Link MS, Pandian NG, Kuvin JT, et al.
Hypertrophic cardiomyopathy is predominantly a disease of left ventricular
outflow tract obstruction. Circulation. 2006;114:2232-9.

Nagueh SF, Bierig SM, Budoff MJ, Desai M, Dilsizian V, Eidem B, et al.
American Society of Echocardiography clinical recommendations for
multimodality cardiovascular imaging of patients with hypertrophic
cardiomyopathy: endorsed by the American Society of Nuclear
Cardiology, Society for Cardiovascular Magnetic Resonance, and Society
of Cardiovascular Computed Tomography. J Am Soc Echocardiogr. 2011;
24:473-98.

Lancellotti P, Moura L, Pierard LA, Agricola E, Popescu BA, Tribouilloy C, et
al. European Association of Echocardiography recommendations for the
assessment of valvular regurgitation. Part 2: mitral and tricuspid
regurgitation (native valve disease). Eur J Echocardiogr. 2010;11:307-32.
Chaowu Y, Shihua Z, Jian L, Li L, Wei F. Cardiovascular magnetic resonance
characteristics in children with hypertrophic cardiomyopathy. Circ Heart Fail.
2013,6:1013-20.

Chen X, Zhao S, Zhao T, Lu M, Yin G, Jiang S, et al. T-wave inversions related
to left ventricular basal hypertrophy and myocardial fibrosis in non-apical
hypertrophic cardiomyopathy: a cardiovascular magnetic resonance
imaging study. Eur J Radiol. 2014;83:297-302.

Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro 3rd AF, Feldman Hl, et
al. A new equation to estimate glomerular filtration rate. Ann Intern Med.
2009;150:604-12.

Olivotto I, Maron MS, Autore C, Lesser JR, Rega L, Casolo G, et al.
Assessment and significance of left ventricular mass by cardiovascular
magnetic resonance in hypertrophic cardiomyopathy. J Am Coll Cardiol.
2008;52:559-66.

Netea MG, Kullberg BJ, Blok WL, Netea RT, van der Meer JW. The role of
hyperuricemia in the increased cytokine production after lipopolysaccharide
challenge in neutropenic mice. Blood. 1997,89:577-82.

Watanabe S, Kang DH, Feng L, Nakagawa T, Kanellis J, Lan H, et al. Uric acid,
hominoid evolution, and the pathogenesis of salt-sensitivity. Hypertension.
2002;40:355-60.

Agabiti-Rosei E, Muiesan ML, Salvetti M. Evaluation of subclinical target
organ damage for risk assessment and treatment in the hypertensive
patients: left ventricular hypertrophy. J Am Soc Nephrol. 2006;17:5104-8.
Leyva F, Anker S, Swan JW, Godsland IF, Wingrove CS, Chua TP, et al. Serum
uric acid as an index of impaired oxidative metabolism in chronic heart
failure. Eur Heart J. 1997;18:858-65.

Kao MP, Ang DS, Gandy SJ, Nadir MA, Houston JG, Lang CC, et al.
Allopurinol benefits left ventricular mass and endothelial dysfunction in
chronic kidney disease. J Am Soc Nephrol. 2011;22:1382-9.

Szwejkowski BR, Gandy SJ, Rekhraj S, Houston JG, Lang CC, Morris AD, et al.
Allopurinol reduces left ventricular mass in patients with type 2 diabetes
and left ventricular hypertrophy. J Am Coll Cardiol. 2013;62:2284-93.



Zhang et al. Biology of Sex Differences (2016) 7:22 Page 12 of 12

44. Rekhraj S, Gandy SJ, Szwejkowski BR, Nadir MA, Noman A, Houston JG, et al.
High-dose allopurinol reduces left ventricular mass in patients with ischemic
heart disease. J Am Coll Cardiol. 2013,61:926-32.

45.  Mule G, Nardi E, Costanzo M, Mogavero M, Guarino L, Viola T, et al. Absence
of an independent association between serum uric acid and left ventricular
mass in Caucasian hypertensive women and men. Nutr Metab Cardiovasc
Dis. 2013;23:715-22.

46.  Cuspidi C, Valerio C, Sala C, Meani S, Esposito A, Zanchetti A, et al. Lack of
association between serum uric acid and organ damage in a never-treated
essential hypertensive population at low prevalence of hyperuricemia. Am J
Hypertens. 2007;20:678-85.

47. Tsioufis C, Chatzis D, Vezali E, Dimitriadis K, Antoniadis D, Zervoudaki A,
et al. The controversial role of serum uric acid in essential
hypertension: relationships with indices of target organ damage. J Hum
Hypertens. 2005;19:211-7.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at .
www.biomedcentral.com/submit () BiolMed Central




	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patients
	Echocardiography
	CMR protocol and image analysis
	Biochemical measurements
	Statistical analysis

	Results
	Discussion
	Study limitations

	Conclusions
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References



