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Background. Left ventricular (LV) diastolic dysfunction (LVDD) is the defining feature of heart failure with preserved ejection
fraction (HFpEF) and predicts subsequent incident heart failure (HF) and all-cause mortality. Mounting evidence reveals that
cardiometabolic risk factors play critical roles in the development of LVDD. In this study, we sought to investigate the relation
between serum uric acid (SUA) level and the progression of LVDD in apparently healthy patients. Methods. A total of 1082
apparently healthy subjects without diagnosed cardiovascular disease and LVDD were consecutively enrolled. SUA levels were
measured, and repeat echocardiography and tissue Doppler imaging (TDI) were performed at baseline and during 1-year
follow-up. Results. By dividing the study population based on quartiles of SUA, we found subjects in higher quartiles had
greater increases in TDI-derived early diastolic velocity (e′) and E (peak LV filling velocity)/e′ ratios during 1-year follow-up.
After multivariate adjustment, high SUA persisted to be an independent predictor for the subsequent worsening of LVDD
(odds ratio: 1.351 [95% CI 1.125~1.625], per 100μmol/L SUA). Subgroup analysis suggested that the association between SUA
and LVDD development was more pronounced in subjects without other cardiometabolic risk factors involved. Factor analysis
demonstrated that high SUA was the major cardiometabolic attribute in patients with LVDD progression. Conclusion. Our
findings suggest that high SUA is an independent cardiometabolic risk factor for the progression of LVDD in apparently
healthy subjects.

1. Background

Left ventricular (LV) diastolic dysfunction (LVDD) is recog-
nized as the hallmark of heart failure (HF) with preserved
ejection fraction (EF, HEpEF) that has different clinical fea-
tures but similar poor prognosis as compared to those with
reduced EF [1–4]. With comprehensive echocardiography
and tissue Doppler imaging (TDI) examination, LVDD is
found to be prevalent in 11.1%~34.7% of the general popu-
lation [5–9], varying according to different criteria used,
and is usually presented without recognized symptoms of
HF [5, 6]. Mounting evidence reveals that LVDD is associ-
ated with the subsequent development of HF and all-cause
mortality [6, 10, 11]. Especially, patients with metabolic dis-

turbance, including diabetes, obesity, and metabolic syn-
drome (MetS), suffer profoundly higher risk of LVDD than
those without cardiometabolic risk factors [12–16].

Serum uric acid (SUA) is a metabolic end-product of
purine metabolism by xanthine oxidase (XO). Emerging
data reveal that SUA is closely related to cardiovascular risk
and events, such as hypertension, coronary artery disease,
and HF [17]. Moreover, SUA-lowering therapy by XO inhib-
itor displays benefits in improving cardiovascular outcomes
both in clinical and animal studies [18–21]. Previously, sev-
eral echocardiographic surveys demonstrated a positive rela-
tionship between SUA and markers of LVDD [22–24].
However, current data on the relationship between SUA
and LVDD were almost obtained from cross-sectional
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surveys. Little is known regarding the impact of SUA on lon-
gitudinal changes of LVDD.

In the present study, we analyzed the relation between
SUA and LVDD progression in apparently healthy patients
by repeat echocardiography and TDI assessment during
1-year follow-up.

2. Methods

2.1. Study Design. A total of 2,843 subjects between 18 to 80
years old who had physical examination including echocar-
diography and TDI in Ruijin Hospital, Shanghai Jiao Tong
University School of Medicine from November 2018 to

December 2019 were consecutively enrolled in the study.
Exclusion criteria were as follows: (1) lack of clinical or bio-
chemical assessment including SUA in the baseline (n = 73);
(2) history of diagnosed cardiovascular disease (n = 459),
which includes coronary artery disease (n = 348), chronic
HF (n = 32), moderate to severe valvular heart disease
(n = 16), congenital heart disease (n = 7), and atrial fibrilla-
tion (n = 56); (3) possessing factors that affect purine metabo-
lism (n = 259), which include chronic kidney disease (n = 8),
diagnosed gout (n = 25), medication use of uric-acid lowering
agents (n = 49), and diuretics (n = 177). Thus, a total of 2052
subjects were enrolled in the baseline and their LVDD was
graded by TDI. There were 1173 subjects with normal LV
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Figure 1: Flow chart of patient enrollment. LVDD: left ventricular diastolic dysfunction; TDI: tissue Doppler imaging; UCG: ultrasound
cardiogram.
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diastolic function (grade 0) or mild LVDD (grade 1) and 879
subjects with moderate (grade 2) or severe (grade 3) LVDD.
Since this study is aimed at analyzing LVDD progression, we
only selected subjects with non-LVDD (grade 0~1) in the
cohort. These subjects were then followed-up for around 12
months and underwent repeated echocardiography and TDI
assessment. After exclusion of 91 subjects who lost to follow-
up, the remaining 1082 subjects comprised the final analysis
(Figure 1).

2.2. Clinical and Biochemical Assessments. Detailed informa-
tion of medical history and lifestyles were obtained using a
standard questionnaire by trained physicians. Body mass
index (BMI) was calculated as weight/height2 (kilograms
per square meter). Body surface area (BSA) was calculated
as 0:0061 × height + 0:0128 × weight − 0:1529. Blood pres-
sure was measured on the nondominant arm in seated posi-
tion after a 10-minute rest. Three measurements were taken
at 1-minute interval, and the average was used for analysis.

Table 1: Baseline characteristics grouped by quartiles of serum uric acid.

SUA (μmol/L) ≤282 283~ 340 341~ 393 ≥394
P value

n 272 269 273 268

Follow-up time, months 12:52 ± 1:57 12:46 ± 1:53 12:42 ± 1:46 12:63 ± 1:40 0.400

Male sex 68 (25.0) 138 (51.3) 230 (84.2) 251 (93.7) <0.001
Age, years 48:59 ± 11:16 52:60 ± 11:32 51:60 ± 11:52 51:38 ± 10:32 <0.001
Hypertension 23 (8.5) 25 (9.3) 23 (8.4) 19 (7.1) 0.831

Diabetes 33 (12.1) 41 (15.2) 45 (16.5) 44 (16.4) 0.449

Smoking status 23 (8.5) 53 (19.7) 84 (30.8) 93 (34.7) <0.001
BMI, kg/m2 22:51 ± 3:11 23:84 ± 3:07 24:65 ± 2:76 25:32 ± 3:51 <0.001
Systolic BP, mmHg 121:27 ± 15:92 124:00 ± 15:38 125:78 ± 15:34 127:22 ± 17:22 0.004

Diastolic BP, mmHg 71:31 ± 10:90 74:18 ± 9:87 74:77 ± 11:15 76:16 ± 10:66 <0.001
HbA1c, % 5:59 ± 0:53 5:74 ± 0:75 5:79 ± 0:75 5:77 ± 0:59 0.003

Fasting glucose, mmol/L 4.88 (4.53~5.34) 5.00 (4.61~5.51) 5.09 (4.70~5.59) 5.10 (4.70~5.59) 0.002

Postprandial glucose, mmol/L 6.64 (5.66~7.74) 7.06 (5.70~8.73) 6.92 (5.84~8.62) 7.03 (6.03~8.30) 0.169

Fasting insulin, μU/L 6.33 (4.68~9.05) 7.46 (4.95~10.72) 8.46 (5.65~12.42) 8.93 (6.05~13.04) <0.001
Postprandial insulin, μU/L 36.37 (22.49~59.03) 43.54 (24.48~64.26) 44.22 (26.12~76.03) 44.98 (28.20~78.83) 0.028

HOMA-IR 1.41 (0.96~2.06) 1.73 (1.06~2.52) 2.00 (1.28~2.98) 2.06 (1.38~ 3.07) <0.001
Alaine aminotransferase, IU/L 20:22 ± 15:99 23:06 ± 11:52 26:61 ± 14:54 29:82 ± 17:71 <0.001
Aspartate aminotransferase, IU/L 21:65 ± 20:79 20:85 ± 6:33 22:19 ± 8:26 23:27 ± 8:38 0.143

Triglyceride, mmol/L 1.04 (0.78~1.35) 1.18 (0.89~1.68) 1.44 (1.06~1.93) 1.75 (1.23~2.52) <0.001
Total cholesterol, mmol/L 4:80 ± 0:97 4:79 ± 1:07 4:78 ± 1:04 4:95 ± 1:07 0.179

HDL cholesterol, mmol/L 1:49 ± 0:38 1:36 ± 0:36 1:21 ± 0:29 1:12 ± 0:26 <0.001
LDL cholesterol, mmol/L 2:92 ± 0:84 2:97 ± 0:91 3:02 ± 0:89 3:12 ± 0:89 0.052

Serum creatine μmol/L 67:32 ± 47:88 72:08 ± 14:71 82:01 ± 49:50 85:59 ± 13:64 <0.001
Blood urea nitrogen, mmol/L 4:93 ± 1:47 5:31 ± 1:39 5:40 ± 1:68 5:60 ± 1:34 <0.001
eGFR, mL/min/1.732m2 111:76 ± 19:37 103:93 ± 15:81 10ll1:77 ± 14:40 98:45 ± 12:58 <0.001
hsCRP, mg/L 0.39 (0.21~1.18) 0.65 (0.29~1.17) 0.99 (0.42~2.25) 1.62 (0.65~3.64) <0.001
Aspirin 15 (5.5) 20 (7.4) 16 (5.9) 11 (4.1) 0.425

P2Y12 inhibitor 21 (7.7) 16 (5.9) 12 (4.4) 10 (3.7) 0.174

Beta blocker 16 (5.9) 19 (7.1) 16 (5.9) 8 (3.0) 0.195

ACEI/ARB 13 (4.8) 13 (4.8) 15 (5.5) 12 (4.5) 0.956

Calcium channel blocker 12 (4.4) 6 (2.2) 7 (2.6) 7 (2.6) 0.430

Statin 13 (4.8) 26 (9.7) 22 (8.1) 16 (6.0) 0.122

OHA 10 (3.7) 17 (6.3) 12 (4.4) 10 (3.7) 0.414

Insulin 4 (1.5) 6 (2.2) 2 (0.7) 3 (1.1) 0.492

Data are expressed as mean ± standard deviation or median (interquartile range). ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor
blocker; BMI: body mass index; BP: blood pressure; eGFR: estimated glomerular filtration rate; HbA1c: glycated hemoglobin A1c; HDL: high-density
lipoprotein; HOMA-IR: homeostasis model assessment-estimated insulin resistance; hsCRP: high-sensitivity C-reactive protein; LDL: low-density
lipoprotein; OHA: oral hypoglycemic agent; SUA: serum uric acid.
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The diagnosis of type 2 diabetes was made according to the
criteria of American Diabetes Association (symptoms of
diabetes with casual plasma glucose concentration ≥ 200
mg/dL [11.1mmol/L] or fasting plasma glucose ≥ 126mg/
dL [7.0mmol/L], 2 h postprandial glucose ≥ 200mg/dL
[11.1mmol/L] during an oral glucose tolerance test (OGTT)
and currently or previously treated with insulin and/or oral
hypoglycemic agents) [25]. Hypertension was diagnosed
according to seventh report of the Joint National Committee
on prevention, detection, evaluation, and treatment of high
blood pressure (JNC 7) [26].

All the blood samples, except for postprandial testing,
were drawn after an overnight fasting. OGTT was performed
with 75 g glucose, and blood was collected for the measure-
ment of postprandial glucose and insulin after 2 h. SUA, fast-
ing and postprandial plasma glucose, insulin, creatinine,
alanine aminotransferase (ALT), aspartate aminotransferase
(AST), total cholesterol, low-density lipoprotein (LDL) cho-
lesterol, high-density lipoprotein (HDL) cholesterol, and tri-
glycerides were assessed (HITACHI 912 Analyzer, Roche
Diagnostics, Germany). Blood HbA1c was measured using
ion-exchange high performance liquid chromatography with
Bio-Rad Variant Hemoglobin Testing System (Bio-Rad Lab-
oratories, USA). Serum levels of high sensitive C-reactive
protein (hsCRP) were determined by ELISA (Biocheck Lab-
oratories, Toledo, OH, USA). Estimated glomerular filtra-
tion rate (eGFR) was computed using the Chronic Kidney
Disease Epidemiology Collaboration equation. Homeostasis
model assessment-estimated insulin resistance (HOMA-IR)
was calculated according to the formula as follows: fasting
insulin ðμU/LÞ × fasting glucose ðmmol/LÞ/22:5 [27].

2.3. Echocardiographic Examination. Transthoracic echocar-
diography was performed using a commercially available
system (Vivid-I, GE Healthcare, Milwaukee, WI) with a 1.9
to 3.8mHz phased-array transducer. All data were stored
digitally, and offline data analysis was performed (EchoPac,
version 7; GE Healthcare).

EF was calculated using the modified Simpson’s
biplane technique. The LV length was measured in the
apical 4-chamber view. To facilitate application of clinical
normality cut points, LV end-diastolic volume (LVEDV),
LV end-systolic volume (LVESV), and LVmass were indexed
by BSA calculated at each study time point. LV mass was
estimated from M-mode measurements by the formula LV
mass = 0:8 × 1:04 × ½ðLVEDD + IVST + LVPWTÞ3 −
LVEDD3� + 0:6, where LVEDD is LV end-diastolic diameter,
IVST is interventricular septal thickness, and LVPWT is LV
posterior wall thickness.

Transmitral inflow was recorded using pulsed wave
Doppler in the apical 4-chamber view for measurements of
early (E) and late (A) mitral inflow velocities. Early diastolic
velocity was assessed at the septal (septal e′) and lateral (e′)
sites of the mitral annulus using pulsed-wave TDI. Mean E/
e′ ratio was obtained by averaging the septal and lateral
mitral annulus to estimate LV filling pressure. Patients were
classified into four groups according to diastolic function
based on EACVI/ASE recommendations [28] as follows:
normal diastolic function (grade 0), mild (grade 1), moder-
ate (grade 2) or severe (grade 3) LVDD. Patients with both
septal e′ ≥ 8 cm/s and lateral e′ > 10 cm/s constituted the
group in grade 0. For the remaining patients, the following
classification was used: grade 1 when E/A < 0:8, mean E/e′
≤ 8; grade 2 when E/A was between 0.8 and 2, mean E/e′
between 8 and 13; and grade 3 when E/A > 2, mean E/e′ ≥
13. In this study, development of LVDD from grade 0~1 to
grade 2~3 was defined as LVDD progression.

2.4. Statistical Analyses. Continuous variables were pre-
sented as median (interquartile range [IQR]) or mean ± SD
, and categorical data were summarized as frequencies (per-
centages). Normal distribution of continuous variables was
evaluated by Shapiro-Wilk test. For normally distributed
variables, differences in quartiles of SUA and subgroup anal-
ysis were performed by one-way analysis of variance
(ANOVA) followed by post hoc t-test with Bonferroni
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Figure 2: Relation of serum uric acid and changes in E/e′ ratio during follow-up. (a) Correlation between changes in E/e′ ratio and serum
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Table 2: Changes in echocardiography parameters during follow-up grouped by quartiles of serum uric acid.

SUA (μmol/L) ≤282 283~340 341~393 ≥394
P value

n 272 269 273 268

LA, mm

B 34:55 ± 3:30 36:42 ± 3:05‡ 36:95 ± 3:20‡ 37:82 ± 3:06‡ <0.001
F 34:50 ± 3:41 36:45 ± 3:20‡ 37:03 ± 3:13‡ 38:01 ± 3:04‡ <0.001
Δ −0:05 ± 2:38 0:03 ± 2:03 0:08 ± 1:88 0:19 ± 1:90 0.580

LVESD, mm

B 28:41 ± 2:36 29:57 ± 2:47‡ 30:24 ± 2:60‡ 30:81 ± 2:13‡ <0.001
F 28:60 ± 2:25 29:62 ± 2:50‡ 30:43 ± 2:45‡ 30:91 ± 2:46‡ <0.001
Δ 0:19 ± 2:04 0:05 ± 2:02 0:19 ± 1:85 0:10 ± 1:85 0.792

LVEDD, mm

B 45:84 ± 3:25 47:62 ± 3:39‡ 48:51 ± 3:47‡ 49:13 ± 2:93‡ <0.001
F 45:64 ± 3:90 47:33 ± 3:50‡ 48:76 ± 3:39‡ 49:36 ± 3:06‡ <0.001
Δ −0:21 ± 3:28 −0:29 ± 2:15 0:25 ± 2:04 0:23 ± 2:02 0.012

LVESV index, mL/m2

B 19:38 ± 3:76 20:29 ± 3:88 20:12 ± 3:94 20:29 ± 3:46 0.070

F 19:78 ± 3:41 20:11 ± 3:84 20:67 ± 3:98 20:77 ± 3:95 0.044

Δ 0:40 ± 3:79 −0:19 ± 3:65 0:55 ± 3:76 0:47 ± 3:36 0.181

LVEDV index, mL/m2

B 61:46 ± 9:21 62:97 ± 8:74 62:32 ± 9:47 62:43 ± 8:09 0.450

F 60:95 ± 8:11 61:87 ± 9:16 62:33 ± 8:85 62:74 ± 8:42 0.244

Δ −0:52 ± 7:69 −1:10 ± 7:46 0:00 ± 6:52 0:32 ± 6:94 0.240

LV mass index, g/m2

B 79:60 ± 13:85 83:11 ± 12:80 83:65 ± 16:66 ∗ 84:92 ± 12:33† 0.003

F 79:71 ± 13:62 81:34 ± 12:32 83:23 ± 12:80 85:25 ± 13:44‡ 0.001

Δ 0:11 ± 11:24 −1:77 ± 10:43 −0:42 ± 11:32 0:34 ± 9:97 0.231

IVST, mm

B 8:51 ± 0:77 8:85 ± 0:94‡ 9:04 ± 0:78‡ 9:27 ± 0:86‡ <0.001
F 8:62 ± 0:79 8:89 ± 0:92‡ 9:04 ± 0:67‡ 9:32 ± 0:91‡ <0.001
Δ 0:11 ± 0:72 0:04 ± 0:75 0:00 ± 0:74 0:05 ± 0:67 0.381

LVPWT, mm

B 8:37 ± 0:72 8:63 ± 0:64‡ 8:84 ± 0:67‡ 9:03 ± 0:62‡ <0.001
F 8:43 ± 0:67 8:64 ± 0:61† 8:85 ± 0:57‡ 9:00 ± 0:78‡ <0.001
Δ 0:06 ± 0:72 0:01 ± 0:62 0:01 ± 0:66 −0:03 ± 0:76 0.453

RWT

B 0:37 ± 0:03 0:37 ± 0:03 0:37 ± 0:02 0:37 ± 0:03 0.121

F 0:38 ± 0:16 0:37 ± 0:03 0:37 ± 0:03 0:37 ± 0:03 0.208

Δ 0:01 ± 0:16 0:00 ± 0:03 −0:00 ± 0:03 −0:00 ± 0:03 0.145

LVEF, %

B 67:44 ± 3:87 67:16 ± 3:30 66:71 ± 3:54 66:50 ± 3:29 ∗ 0.008

F 66:91 ± 3:31 66:64 ± 3:41 66:49 ± 3:19 66:27 ± 3:19 0.140

Δ −0:53 ± 4:37 −0:52 ± 4:34 −0:23 ± 3:98 −0:24 ± 3:79 0.708

E, cm/s

B 12:28 ± 2:49 11:94 ± 2:38 11:97 ± 2:43 11:80 ± 2:34 0.132

F 11:06 ± 2:72 10:73 ± 2:73 10:39 ± 2:34 ∗ 9:80 ± 2:29‡ <0.001
Δ −1:22 ± 2:53 −1:21 ± 2:20 −1:58 ± 2:40 −2:00 ± 2:30‡ <0.001

A, cm/s

B 66:54 ± 16:15 67:18 ± 17:18 65:85 ± 16:50 65:80 ± 15:79 0.737

F 66:83 ± 16:18 66:38 ± 17:00 66:33 ± 16:61 66:05 ± 16:44 0.959

Δ 0:34 ± 13:93 −0:84 ± 13:98 0:55 ± 13:40 0:05 ± 13:66 0.660

E/A

B 1:28 ± 0:39 1:21 ± 0:40 1:21 ± 0:36 1:19 ± 0:34 0.057

F 1:26 ± 0:37 1:25 ± 0:41 1:22 ± 0:37 1:20 ± 0:34 0.211

Δ −0:02 ± 0:30 0:04 ± 0:33 0:00 ± 0:32 0:01 ± 0:32 0.138
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correction. For nonnormally distributed continuous variables,
differences were analyzed by the Mann–Whitney U test or
Kruskal-Wallis test. Differences in categorical variables were
analyzed by χ2 test. Correlation between SUA and mean E/
e′ ratio was determined by Spearman’s correlation test. Uni-
variate logistic regression analysis was performed to identify
univariate determinants of LVDD progression. Afterwards,
multivariate regression was performed by entering all the con-
ventional risk factors and significant determinates in the uni-
variate analysis after backward elimination. SUA was
analyzed both as continuous and categorical variables in uni-
variate and multivariate models. All statistical analyses were
performed using the R statistical package v.4.0.3 (R Project
for Statistical Computing, Vienna, Austria). A 2 − tailed <
0:05 was considered statistically significant.

For the exploratory factor analysis, principal component
analysis (PCA) was performed to reduce intercorrelated var-
iables to fewer clustering factors that retain as the much of
variance in the original variables as possible. Higher factor
loadings denote higher correlation between the given vari-
able and the clustering factor. Bartlett’s test of sphericity
was implemented to test whether a correlation matrix is dif-
ferent from an identity matrix and support the need for data
reduction. Z scores were calculated to scale all the variables
to standard scores before PCA. An eigenvalue > 1 was used
as the extraction method and varimax rotation. We included
only the highest ranked variables with at least shared
variance between the variable and clustering factors
(factor loading ≥ 15%) in interpreting factors.

3. Results

3.1. Baseline Characteristics of the Cohort. A total of 1082
subjects were enrolled in the cohort and were followed-up
for 12:5 ± 1:5 months. The mean age was 51:0 ± 11:2 years
and the male-to-female ratio was 63.5% to 36.5%. There
were 8.3% subjects with hypertension and 15.1% with type
2 diabetes. The mean level of SUA was 341:2 ± 82:9μmol/
L. Of note, male subjects had markedly higher SUA
level as compared to that of females (374:5 ± 74:6 vs.
283:2 ± 62:2μmol/L, P < 0:001).

We divided the entire population of the cohort into
quartiles based on SUA levels (SUA ≤ 282μmol/L;
283~340μmol/L; 341~393μmol/L; ≥ 394μmol/L; Table 1).
We found subjects with higher quartiles of SUA were more
frequently to be male, having smoking habits, higher levels
of BMI, systolic and diastolic blood pressure, fasting glucose,
lipid, hsCRP, and insulin resistance levels, but poorer
hepatic and renal function. There was no significant differ-
ence in history of hypertension and diabetes and medical
treatments among the 4 groups.

3.2. Geometric and Functional Echocardiographic Analyses.
After a 12-month follow-up, 37.6% of subjects in the cohort
progressed to moderate to serve LVDD (grade 2~3). The
mean E/e′ ratios were 6:75 ± 1:55 cm/s at baseline and 7:93
± 1:93 cm/s at the 12-month follow-up. The mean change
in E/e′ ratio was 1:18 ± 1:85 cm/s. There was a positive cor-
relation between baseline SUA level and changes in E/e′ ratio

Table 2: Continued.

SUA (μmol/L) ≤282 283~340 341~393 ≥394
P value

n 272 269 273 268

e′ septal, cm/s

B 10:69 ± 2:35 10:41 ± 2:14 10:43 ± 2:24 10:26 ± 2:20 0.166

F 9:43 ± 2:46 9:08 ± 2:37 8:90 ± 2:12 ∗ 8:33 ± 2:10‡ <0.001
Δ −1:25 ± 2:56 −1:33 ± 2:22 −1:53 ± 2:39 −1:93 ± 2:25† 0.005

e′ lateral, cm/s

B 13:86 ± 3:04 13:47 ± 2:93 13:50 ± 2:94 13:34 ± 2:79 0.186

F 12:68 ± 3:27 12:38 ± 3:33 11:88 ± 2:82 ∗ 11:26 ± 2:76‡ <0.001
Δ −1:18 ± 3:03 −1:09 ± 2:63 −1:62 ± 2:84 −2:08 ± 2:76† <0.001

E/e′ septal
B 7:81 ± 1:71 7:56 ± 1:79 7:50 ± 1:76 7:55 ± 1:79 0.179

F 8:91 ± 2:20 8:93 ± 2:15 8:97 ± 2:09 9:53 ± 2:49† 0.003

Δ 1:10 ± 2:35 1:37 ± 2:15 1:47 ± 2:14 1:97 ± 2:24‡ <0.001

E/e′ lateral
B 6:04 ± 1:42 5:87 ± 1:43 5:78 ± 1:48 5:88 ± 1:66 0.257

F 6:64 ± 1:73 6:61 ± 1:78 6:78 ± 1:76 7:09 ± 1:95 ∗ 0.009

Δ 0:60 ± 1:82 0:75 ± 1:55 1:00 ± 1:79 ∗ 1:21 ± 1:72‡ <0.001

E/e′ average
B 6:92 ± 1:46 6:71 ± 1:54 6:64 ± 1:54 6:72 ± 1:64 0.175

F 7:78 ± 1:86 7:77 ± 1:86 7:87 ± 1:82 8:31 ± 2:11† 0.003

Δ 0:85 ± 1:96 1:06 ± 1:72 1:23 ± 1:82 1:59 ± 1:83‡ <0.001
Data are expressed as mean ± standard deviation or median (interquartile range). ∗P < 0:05, †P < 0:01, ‡P < 0:001. B: baseline; Δ: changes in corresponding
parameters; F: follow-up; IVST: interventricular septal thickness; LA: left atrium; LV: left ventricle; LVEDD: left ventricular end-diastolic diameter;
LVEDV: left ventricular end-diastolic volume; LVEF: left ventricular ejection fraction; LVESD: left ventricular end-systolic diameter; LVESV: left
ventricular end-systolic volume; LVPWT: left ventricular posterior wall thickness; RWT: relative wall thickness; SUA: serum uric acid.
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during follow-up (Spearman’s r = 0:140, P < 0:001;
Figure 2(a)). Changes in E/e′ ratio during follow-up were also
increased across quartiles of SUA (P < 0:001; Figure 2(b)).

Geometric and functional echocardiographic parameters
were compared between patients in different quartiles of
SUA (Table 2). We found left atrial diameter, diastolic and
systolic LV diameters, LV wall thickness, and mass index
were stepwise increased with increasing quartiles of SUA
both at baseline and during follow-up. However, changes
in these LV geometric parameters, with the exception for
LVEDD, were comparable between the 4 groups. No signif-
icant changes in EF were detected.

In the baseline, e′ and E/e′ ratios were similar in different
quartiles of SUA both at septal and lateral sides of mitral
annulus. However, increases in E/e′ at both sides and the
averaged values were markedly elevated in subjects in higher
quartiles, whereas peak atrial filling velocity (A) and E/A

ratio as well as their respective changes were comparable
among different quartiles.

3.3. Univariate and Multivariate Analyses. Univariate analy-
ses (Table 3) revealed that predictors for LVDD progression
were older age (OR: 2.466 [95% CI 2.138~2.864], per 10
years), male sex (OR: 1.908 [95% CI 1.462~2.503]), higher
systolic (OR: 1.232 [95% CI 1.122~1.357], per 10mmHg) and
diastolic blood pressure (OR: 1.221 [95% CI 1.063~1.406],
per 10mmHg), the presence of hypertension (OR: 2.638
[95% CI 1.581~4.431]) and diabetes (OR: 2.595 [95% CI
1.852~3.648]), current smokers (OR: 1.461 [95% CI
1.067~2.000]), higher levels of HbA1c (OR: 1.688 [95% CI
1.380~2.088]), fasting glucose (OR: 1.230 [95% CI
1.105~1.381]), triglyceride (OR: 1.436 [95% CI 1.255~1.659]),
medication use of beta blocker (OR: 1.889 [95% CI
1.114~3.208]), renin-angiotensin-aldosterone system inhibitor

Table 3: Univariate and multivariate regression analysis for LVDD progression.

Variate
Univariate

Multivariate
(SUA as continuous variable)

Multivariate
(SUA as categorical variable)

OR (95% CI) P OR (95% CI) P OR (95% CI) P

Age, per 10 y 2.466 (2.138~2.864) <0.001 2.740 (2.330~3.249) <0.001 2.839 (2.406~3.379) <0.001
Male sex 1.908 (1.462~2.503) <0.001 — — — —

BMI, per kg/m2 1.027 (0.982~1.075) 0.242 — — — —

Systolic BP, per 10mmHg 1.232 (1.122~1.357) <0.001 — — — —

Diastolic BP, per 10mmHg 1.221 (1.063~1.406) 0.005 1.143 (1.003~1.304) 0.046 1.147 (1.006~1.310) 0.041

Hypertension 2.638 (1.581~4.431) <0.001
Diabetes 2.595 (1.852~3.648) <0.001 1.776 (1.079~2.939) 0.024 1.676 (1.016~2.783) 0.044

Smoking 1.461 (1.067~2.000) 0.018 — — — —

HbA1c, per 1% 1.688 (1.380~2.088) <0.001 0.771 (0.577~1.023) 0.073 0.792 (0.589~1.055) 0.114

Fasting glucose, per mmol/L 1.230 (1.105~1.381) <0.001 — — — —

Fasting insulin, per μU/L 1.002 (0.992~1.013) 0.638 — — — —

HOMA-IR, per unit 1.002 (0.973~1.027) 0.880 — — — —

Triglyceride, per mmol/L 1.436 (1.255~1.659) <0.001 1.440 (1.233~1.705) <0.001 1.425 (1.219~1.690) <0.001
Total cholesterol, per mmol/L 0.954 (0.844~1.077) 0.444 — — — —

HDL cholesterol, per mmol/L 0.361 (0.243~0.530) <0.001 — — — —

LDL cholesterol, per mmol/L 0.911 (0.788~1.051) 0.202 — — — —

eGFR, per 10mL/min/1.732m2 0.750 (0.685~0.818) <0.001 — — — —

LVEF, per 1% 0.942 (0.909~0.976) <0.001 0.919 (0.881~0.959) <0.001 0.917 (0.879~0.957) <0.001
Beta blocker 1.889 (1.114~3.208) 0.018 — — — —

ACEI/ARB 2.403 (1.380~4.239) 0.002 — — — —

Calcium channel blocker 3.038 (1.489~6.465) 0.003 — — — —

Statin 2.997 (1.872~4.869) <0.001 — — — —

Uric acid, per 100μmol/L 1.528 (1.311~1.786) <0.001 1.351 (1.125~1.625) 0.001 / /

Quartiles of uric acid, μmol/L — — — — — —

≤282 Ref — — — Ref —

283~340 1.171 (0.809~1.696) 0.403 — — 0.753 (0.491~1.151) 0.190

341~ 393 1.376 (0.958~ 1.983) 0.085 — — 0.893 (0.586~ 1.359) 0.596

≥ 394 2.697 (1.892~ 3.867) <0.001 — — 1.851 (1.215~ 2.828) 0.004

ACEI: angiotensin-converting enzyme inhibitor; ARB: angiotensin receptor blocker; BMI: body mass index; BP: blood pressure; eGFR: estimated glomerular
filtration rate; HbA1c: glycated hemoglobin A1c; HDL: high-density lipoprotein; HOMA-IR: homeostasis model assessment-estimated insulin resistance;
LDL: low-density lipoprotein; LVEF: left ventricular ejection fraction; SUA: serum uric acid.
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(OR: 2.403 [95% CI 1.380~4.239]), calcium channel blocker
(OR: 3.038 [95% CI 1.489~6.465]), and statin (OR: 2.997
[95% CI 1.872~4.869]). Meanwhile, lower HDL cholesterol
(OR: 0.361 [95% CI 0.243~0.530]), poorer renal (eGFR, OR:
0.750 [95% CI 0.685~0.818]), and LV function (LVEF, OR:
0.942 [95% CI 0.909~0.976]) were also associated with LVDD
progression. When treated as categorical variables, quartiles
of SUA were positively associated with progression of LVDD
(P for trend <0.001). SUA ≥ 394μmol/L corresponded to a
2.697-fold [95% CI 1.892~3.867] increased risk for progression
of LVDD as compared to SUA ≤ 282μmol/L. Similarly, when
treated as a continuous variable, SUA level remained positively
associated with LVDD progression (OR: 1.528 [95% CI
1.311~1.786], per 100μmol/L).

Multivariate analyses (Table 3) were performed by enter-
ing all the conventional risk factors and significant predic-
tors from the univariate analyses followed by stepwise
backward elimination. Age, diastolic blood pressure, the
presence of diabetes, triglyceride, EF, and SUA remained in
the model with significant association with LVDD progres-

sion. After multivariate adjustment, SUA ≥ 394μmol/L cor-
responded to a 1.851-fold [95% CI 1.215~2.828] increased
risk for progression of LVDD as compared to SUA ≤ 282
μmol/L. Every 100μmol/L increase in SUA conferred a
1.351-fold [95% CI 1.125~1.625] higher risk of LVDD pro-
gression when treated as a continuous variable. Further-
more, subgroup analyses (Figure 3) demonstrated that
patients with higher SUA developed LVDD progression
regardless of sex, BMI, renal function, lipid levels, and LV
systolic and diastolic function at baseline, whereas the asso-
ciation was only present in subgroups who were of younger
age (<51 years), with lower HbA1c (<6.1%) or without
hypertension, diabetes, and smoking habits. There were
also significant interaction terms between age, HbA1c,
and SUA on LVDD progression in the bivariate analysis
of the overall population.

3.4. Factor Analysis. There was high degree of intercorrela-
tion between various metabolic variables (Supplementary
Table I). Especially, SUA was significantly associated with

P for interaction

0.487
107 Female

Male
Age <51 years
Age ≥51 years
Non-smoker or former smoker
Current smoker
Non-diabetes

Non-hypertension
Hypertension
BMI <24 kg/m2
BMI ≥24 kg/m2

HbA1c <6.1%

HOMA-IR <1.79
HOMA-IR ≥1.79
Total cholesterol <4.76 mmol/L
Total cholesterol ≥4.76 mmol/L
Triglyceride <1.30 mmol/L
Triglyceride ≥1.30 mmol/L
LDL cholesterol <3.00 mmol/L
LDL cholesterol ≥3.00 mmol/L
HDL cholesterol <1.24 mmol/L
HDL cholesterol ≥1.24 mmol/L
LVEF <67%
LVEF ≥67%
E/e′ <6.65
E/e′ ≥6.65

HbA1c ≥6.1%

eGFR <101 mL/min/1.73 m2
eGFR ≥101 mL/min/1.73 m2

Diabetes
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919
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541
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557
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203
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198
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216
176
145
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47

345
91

301
111
281
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112
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541
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0.217

0.424

0.785

0.532

0.003

0.547
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0.863
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Figure 3: Subgroup analysis by forest plot. Forest plot shows the association between serum uric acid level and LVDD progression in
different subgroups and the significance of the corresponding interaction terms. The dashed reference line indicates odds ratio of 1.0.
The number of all the patients and the number of patients with LVDD progression in each subgroup are labelled. BMI: body mass
index; eGFR: estimated glomerular filtration rate; HbA1c: glycated hemoglobin A1c; HDL: high-density lipoprotein; HOMA-IR:
homeostasis model assessment-estimated insulin resistance; LDL: low-density lipoprotein; LVDD: left ventricular diastolic dysfunction;
LVEF: left ventricular ejection fraction.
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most of these metabolic variables except for postprandial
glucose and total cholesterol. Therefore, factor analysis was
performed to extract key uncorrelated metabolic factors in
subjects with LVDD progression. Bartlett’s test of
sphericity was highly significant (P < 0:0001), indicating
good model acceptability.

We identified an insulin resistance factor as the initial
factor that accounted for 27.9% of the variance, a second
cholesterol factor accounted for 19.0% of the variance, and
a third factor comprised of SUA as a major component
accounted for 14.7% of the variance. Taken together, these
factors accounted for 61.5% of the total variance in mea-
sured variables (Supplementary Table II and Figure 4).

4. Discussion

The major findings of the present study are that SUA levels
are positively related to increase in E/e′ in apparently
healthy subjects with non-LVDD (grade 0~1). SUA is an
independent predictor for the progression of LVDD after
multivariate adjustment of conventional risk factors.

Previous population-based studies revealed that LVDD
is prevalent in the general population [5–9] and is prog-
ressed rapidly over time. A large-scale community-based
study in Minnesota showed that the prevalence of LVDD
increased from 23.8% to 39.2% by repeat echocardiography
examinations after 4 years [10]. In a retrospective study of
outpatient patients, LVDD was present in 72.3% of patients,
and 16% had worsening diastolic function after 1 year [29].
Consistent with these findings, 42.8% of the subjects in the
present study were with LVDD. During 1-year follow-up,
37.6% of the remaining subjects with non-LVDD developed
worse diastolic dysfunction. These data support the concept
that LVDD is rapidly evolved even in apparently healthy
patients without obvious LVDD. Given that LVDD is the
defining feature of HFpEF and an independent predictor
for subsequent HF and mortality, early risk stratification
and proper management of LVDD are warranted.

Several risk factors have been established for LVDD
including age [30, 31], diabetes [12, 13], obesity [16], hyper-
tension [32, 33], and LV hypertrophy [34]. Several lines of
evidence suggest that SUA is also associated with LVDD in
a variety of clinical conditions. SUA was shown to be associ-
ated with LVDD in apparently healthy patients with essen-
tial hypertension [22]. Elevated SUA was independently
associated with the presence of LVDD criteria as septal e′
velocity < 7 in military individuals [35]. In patients with
dilated cardiomyopathy, Cicoira et al. found that there was
a positive correlation between SUA level and mitral E wave
velocity, E/A ratio, E wave deceleration time (DtE), and
restrictive mitral filling pattern (RMFP) [23]. In a large-
scale community-based research performed in asymptom-
atic Asians, hyperuricemia was closely linked to indices of
LVDD and SUA set at 7.0mg/dl provided the optimal cut-
off to identify LVDD [24]. However, current data on the
relationship between SUA and LVDD were merely based
on cross-sectional surveys. Since LVDD is in essence a rap-
idly progressed LV functional abnormality, the role of SUA
in the development of LVDD is still unclear.

In the present study, for the first time we reported that
SUA level was not only related to impaired LVDD but also
the subsequent development of LVDD over time. First, in
apparently healthy subjects, those with higher SUA level
tended to have worse LVDD. Second, SUA level was posi-
tively correlated to changes in E/e′ ratio during 1-year
follow-up. After multivariate adjustment, SUA remained
an independent predictor for the subsequent worsening of
LVDD. Third, due to the fact that cardiometabolic variables
were intercorrelated, factor analysis showed that SUA com-
prised the major cardiometabolic factors in patients with
LVDD progression. Taken together, these findings demon-
strated that SUA is an important cardiometabolic player,
or at least a sensitive biomarker, in the development of
LVDD. Interestingly, subgroup analysis showed that the
association between SUA and LVDD progression was more
pronounced in subjects with younger age, lower HbA1c, or
those without hypertension, diabetes, and smoking habits,
implying that the potential contribution of SUA to LVDD
progression is greater when other conventional risk factors
of LVDD are not involved. Therefore, there might be com-
mon downstream pathways underlying the development of
LVDD in the setting of metabolic disturbance. Multiple car-
diometabolic risk factors, as usually seen in the context of
MetS, may have overlapping effects on LVDD progression.

Although it is still unclear whether SUA plays a causal
role or just acts as a biomarker in LVDD progression, hyper-
uricemia is generally considered to be associated with
increased XO activity in purine metabolism, which presum-
ably promotes excess production of reactive oxygen species
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Figure 4: Factor analysis of metabolic patterns in association with
LVDD progression. BMI: body mass index; FPG: fasting plasma
glucose; FPI: fasting plasma insulin; HbA1c: glycated hemoglobin;
HDL-c: high-density lipoprotein cholesterol; HOMA-IR: homeostatic
model assessment of insulin resistance; LDL-c: low-density
lipoprotein cholesterol; LVDD: left ventricular diastolic dysfunction;
PCA: principal component analysis; PPG: postprandial plasma
glucose (2 hours); PPI: postprandial plasma insulin (2 hours); TC:
total cholesterol; TG: triglyceride; SUA: serum uric acid.
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(ROS), thereby leading to reduced nitric oxide bioavailabil-
ity, inflammatory state, endothelial dysfunction, myocardial
fibrosis, and finally LVDD [18–21]. Actually, existing clini-
cal and basic research evidence showed that treatment by
XO inhibitor which lowered XO activity and thus SUA level
would improve LVDD and clinical outcomes [36–39]. Nev-
ertheless, the specific role of SUA in the development of
LVDD and the precise mechanisms await precise character-
ization in future studies.

Our findings should be interpreted in the context of fol-
lowing limitations: first, this study is a retrospective analysis
based on prospectively collected data, and all the enrolled
patients were from a single center. Second, some LVDD
parameters such as deceleration time and isovolumic relaxa-
tion time were not assessed. Moreover, combined use of dif-
ferent echocardiography measurements including stress
echocardiography, Valsalva maneuver, and color M-mode
flow propagation velocity in addition to TDI that we per-
formed may provide more precise information.

5. Conclusions

In conclusion, our findings suggest that elevated SUA is
independently associated with LVDD progression in appar-
ently healthy subjects. Tight control of SUA by lifestyle
intervention or medication optimization may provide favor-
able effects on the development of LVDD.
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