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Abstract
Background

Increased serum uric acid (SUA) is common in patients with type 2 diabetes mellitus (T2DM) and is associated with left
ventricular (LV) myocardial dysfunction. Nonetheless the association of SUA with right ventricular (RV) function in patients
with T2DM has not been studied. This study aimed to investigate the association of SUA with biventricular myocardial
function in patients with T2DM.

Methods

A total of 560 patients with T2DM were enrolled and divided into four groups according to quartile of SUA. Transthoracic
echocardiography was performed and two-dimensional speckle tracking used to measure biventricular myocardial strain,
including LV global longitudinal strain (GLS), circumferential strain (CS), radial strain (RS), and RV free wall longitudinal
stra    in (RV-FWLS).

Results

The absolute value of all biventricular strain parameters showed a stepwise decrease across SUA quartiles (all P<0.01). In
particular, LV assessment by GLS, CS and RS demonstrated that those in the 4th quartile were impaired compared with the
other quartiles (all P<0.05). Similarly, RV-FWLS of the 4th quartile was signi�cantly impaired compared with the 1st and 2nd

quartiles (all P<0.05). The same reduction in biventricular strain across SUA quartiles was observed in patients with
estimated glomerular �ltration rate or ≥60 ml/min/1.73 m2, and glycated hemoglobin < or ≥7.0% (all P<0.05).
Multivariable linear regression analysis demonstrated that higher quartile of SUA was independently associated with
impaired biventricular myocardial strain (all P<0.05).

Conclusions

SUA was independently associated with biventricular myocardial dysfunction in asymptomatic T2DM patients, regardless
of renal function or diabetic control.

Background
The population of patients with type 2 diabetes mellitus (T2DM) is increasing and is expected to affect an estimated 650
individuals million in 2045.[1] It is well recognized that T2DM is directly detrimental to myocardial function, independent of
underlying coronary artery disease, and may lead to clinically overt heart failure.[1] Identifying factors that contribute to
myocardial dysfunction is clinically crucial to better understand its pathophysiology and to help strategize treatments to
prevent T2DM-related heart failure.

A high serum uric acid (SUA) level (hyperuricemia) is associated with a worsened cardiovascular outcome but can be
alleviated by administration of uric acid lowering agents.[2] Numerous studies using speckle tracking-derived strain
analysis have demonstrated that a high SUA is associated with subclinical left ventricular (LV) myocardial dysfunction in
patients with heart failure. Right ventricular (RV) function, which is just as important as LV function in predicting clinical
outcome, has been shown to also be impaired in patients with T2DM.[3–5] The role of hyperuricemia in both LV and RV
(biventricular) myocardial function in patients with T2DM has nonetheless not been evaluated. The present study aimed to
evaluate the relation of SUA to biventricular myocardial function, assessed by speckle tracking-derived strain analysis, in
asymptomatic patients with T2DM.

Methods
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Study population
A total of 1539 patients with T2DM, as de�ned by American Diabetes Association criteria[6], were recruited between March
2014 and March 2020 from the University of Hong Kong Shenzhen Hospital, Shenzhen, China, and Queen Mary Hospital,
Hong Kong, China. Patients with severe liver or renal dysfunction (n = 86), a documented history of cardiovascular disease
including coronary artery disease (n = 427), myocardial infarction (n = 210), hospitalization for heart failure (n = 108),
signi�cant valvular disease (n = 95) or congenital heart disease (n = 33) and those who refused to participate (n = 20) were
excluded from the study. A �nal 560 patients were enrolled, written informed consent was obtained from all participants.

Study protocol
All patients underwent a complete physical examination and an interview to establish baseline characteristics. Blood
pressure was measured after resting for at least 5 minutes. Smoking status was recorded as positive if patients had
smoked (ever or current). Body weight and height were measured and body mass index (BMI) calculated in kg/m2.
Hypertension was de�ned as resting systolic or diastolic blood pressure ≥ 140 or 90 mmHg respectively at two clinic visits
or prescription of antihypertensive medication. A fasting blood sample were obtained to measure glycated hemoglobin
(HbA1c), fasting blood glucose (FBG), total cholesterol (TC), total triglyceride (TG), high-density lipoprotein cholesterol
(HDL-c), low-density lipoprotein cholesterol (LDL-c), creatinine and SUA. Estimated glomerular �ltration rate (eGFR) was
obtained according to the Modi�cation of Diet in Renal Disease (MDRD) study equations. [7] Patients were divided into
four groups according to quartile of SUA.

Echocardiographic measurement of biventricular structure and
function
Transthoracic echocardiographic examination was performed in all patients using a Vivid E9, General Electric Vingmed
Ultrasound machine (Milwaukee, WI, USA), with the patient lying in the lateral decubitus position. A 3.5-MHz transducer
was used to obtain images that were digitally stored in cine-loop format with three cardiac cycles. Off-line analysis was
performed using the EchoPAC version 108.11.1(General Electric Vingmed, Horten, Norway).

The dimensions of the LV chamber were measured according to the current recommendations.[8] Inter-ventricular septal
dimension at end-diastole (IVSd), LV posterior wall thickness at end-diastole (LVPWd) and LV end-diastolic dimension
(LVEDd) were measured using the two-dimensional echocardiography guided M-mode approach from the LV long axis
view. Relative wall thickness (RWT) was de�ned as the ratio of (2 × LVPWDd)/LVEDd. LV mass (LVM) was calculated as
follows: LVM (g) = 0.8× [1.04× (LVEDd + LVPWDd + IVSDd)3-(LVEDd)3] + 0.6. LV mass index (LVMI) was then calculated
based on LVM/body surface area (g/m2). LV volume at the end of diastole (LVEDV), LV volume at the end of systole
(LVESV) and left ventricular ejection fraction (LVEF) were determined from apical four and two-chamber views using a
modi�ed Simpson’s biplane method. Peak velocity in early (E-wave) and late (A-wave) diastole of mitral valve in�ow was
measured by pulsed-wave Doppler of the mitral valve in�ow in apical four-chamber view and E/A ratio calculated. Pulsed
wave tissue doppler imaging was used to measure early diastolic velocity of the mitral valve annulus with the sample
volume placed at the septum (E’-sep) and lateral (E’-lat) annulus of the mitral valve, and average E/E’ calculated. [9]

Conventional echocardiographic parameters of RV function were measured according to current recommendations. [8] The
RV end-diastolic area (RVEDA) and RV end-systolic area (RVESA) were determined in the RV-focused apical four chamber
view, and percentage of RV fractional area change calculated (RV-FAC) = (RVEDA-RVESA)/ RVEDA × 100. Tricuspid annular
plane systolic excursion (TAPSE) was calculated as an index of RV longitudinal systolic function by placing an M-mode
cursor through the tricuspid annulus in the apical four-chamber view and measuring the difference between end-diastolic
and end-systolic longitudinal motion of the annulus. RV systolic pressure (RVSP) was calculated as the sum of the
estimated right atrial pressure and the peak pressure gradient between the peak right ventricle and right atrium, as
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estimated using the simpli�ed Bernoulli equation for peak velocity represented by the tricuspid regurgitation Doppler
signal.[10]

2D speckle tracking strain analyses of biventricular function
Two-dimensional speckle tracking echocardiography was used to measure biventricular myocardial strain. LV global
longitudinal strain (GLS) was measured from the three apical views: two chamber view, four chamber view and long-axis
view. Each wall was subsequently divided into three levels (basal, middle and apical) and a total of 18 segmental strain
curves obtained. GLS was calculated as the mean peak systolic strain value of the 18 segments. Circumferential strain
(CS) and radial strain (RS) were measured from the LV short-axis view at the papillary muscle level, and were derived from
the average peak systolic strain value of six segments. [11] Two-dimensional speckle tracking-derived RV free wall
longitudinal strain (RV-FWLS) was measured from an RV-focused apical four chamber view. RV-FWL was calculated
manually by taking the mean of the three segments forming the RV free wall (basal, middle and apical).[8, 12] Bland–
Altman and intraclass correlation coe�cient revealed satisfactory correlations for inter- and intra-observer variability for
biventricular myocardial strain, including GLS, CS, RS and RV-FWLS, in 20 randomly selected patients (Supplementary
Table 1).

Statistical analysis
Data are expressed as mean ± standard deviation for continuous variables with normal distribution, median (interquartile
range) for those with skewed distribution, and frequencies (proportions) for categorical variables. Continuous variables
were compared using one-way analysis of variance with post hoc analysis by Bonferroni for normally distributed data, and
Mann-Whitney U test for parameters with skewed distribution. Multivariate linear regression analyses were performed to
investigate the association between quartile of SUA and biventricular myocardial strain by adjusted variables that were
statistically signi�cant in univariate analyses. Statistical analyses were performed using SPSS (version 22.0) for windows,
and P < 0.05 considered to indicate statistical signi�cance.

Results

Clinical characteristics of study patients
The main demographic characteristics of the study population are shown in Table 1. The mean age of patients was 60 ± 
11 years and 53.2% were male. Mean duration of diabetes was 7 years and mean HbA1c was 7.5 ± 1.6%. Prevalence of
hypertension and dyslipidemia was 82.5% and 50.9%, respectively. The median circulating SUA level was 347.6 (285.0-
429.5) umol/L and patients were divided subsequently into four groups according to quartile of SUA: 1st quartile SUA < 
285.0umol/L, 2nd quartile 285.0 ≤ SUA 347.6umol/L, 3rd quartile 347.6 ≤ SUA 429.5umol/L, and 4th quartile SUA ≥ 
429.5umol/L. Additionally, those with higher quartile of SUA were more likely to be male and a smoker with a higher BMI,
diastolic blood pressure, serum TG, and hypertension and a lower eGFR (all P < 0.05). Age, systolic blood pressure,
prevalence of hyperlipidemia, duration of diabetes, fasting glucose level and lipid pro�le except TG nevertheless showed
no signi�cant difference across SUA quartiles (all P > 0.05).
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Table 1
Clinical characteristics of patients according to quartile of serum uric acid

Serum uric acid
(umol/L)

Total(n = 560)
347.6(285.0-429.5)

1st Quartile(n = 
138) < 285.0

2nd Quartile
(n = 142)

285.0-347.6

3rd
Quartile(n 
= 140)

347.6-
429.5

4th Quartile (n = 
140) ≥ 429.5

P

Baseline clinical database

Age (years) 60 ± 11 60 ± 10 59 ± 11 59 ± 11 61 ± 13 0.38

Male, n (%) 298(53.2) 60(43.5) 67(47.2) 88(62.9)§* 83(53.9)†#& < 
0.01

BMI (kg/m2) 25.8 ± 4.3 24.8 ± 4.3 24.9 ± 3.3 26.1 ± 3.3 27.4 ± 5.4†# < 
0.01

SBP (mmHg) 144 ± 25 141 ± 25 142 ± 24 145 ± 24 149 ± 27 0.05

DBP (mmHg) 84 ± 13 80 ± 12 84 ± 13 85 ± 14§ 86 ± 13§ < 
0.01

Medical history

Hypertension, n
(%)

462(82.5) 101(73.2) 115(81.0) 124(88.6) * 122(87.1) # < 
0.01

Hyperlipidemia, n
(%)

285(50.9)) 67(48.6) 66(46.5) 82(58.6) 70(50.0) 0.20

Smoker, n (%) 120(21.4) 22(15.9) 23(16.2) 39(27.9) 36(25.7) 0.02

Diabetes duration
(years)

7.0(2.0–12.0) 8.0(3.0–15.0) 8.5(2.0-
14.3)

6.0(3.0–
10.0)

6.5(2.0–10.0) 0.10

Serum glucose level, lipid pro�le, and renal function

FBG (mmol/L) 8.09 ± 2.98 8.47 ± 3.82 8.35 ± 2.95 7.69 ± 2.18 7.83 ± 2.68 0.12

HbA1C (%) 7.53 ± 1.56 7.79 ± 1.80 7.60 ± 1.46 7.30 ± 1.34 7.43 ± 1.59 0.07

TG (mmol/L) 1.55(1.08–2.29) 1.40(0.98–
2.31)

1.39(1.00-
2.11)

1.60(1.17–
2.18)*

1.69(1.29–
2.59)†#

< 
0.01

TC (mmol/L) 4.41 ± 1.20 4.29 ± 1.24 4.52 ± 1.16 4.24 ± 1.14 4.60 ± 1.24 0.05

HDL-c (mmol/L) 1.21 ± 0.38 1.24 ± 0.37 1.26 ± 0.39 1.15 ± 0.27 1.20 ± 0.47 0.09

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; eGFR, estimated glomerular �ltration rate; FBG,
fasting blood glucose; HbA1c, glycated hemoglobin; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density
lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TG, total triglyceride.

¶ P < 0.05 between 1st quartile and 2nd quartile

§ P < 0.05 between 1st quartile and 3rd quartile

† P < 0.05 between 1st quartile and 4th quartile

* P < 0.05 between 2nd quartile and 3rd quartile

# P < 0.05 between 2nd quartile and 4th quartile

& P < 0.05 between 3rd quartile and 4th quartile
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Serum uric acid
(umol/L)

Total(n = 560)
347.6(285.0-429.5)

1st Quartile(n = 
138) < 285.0

2nd Quartile
(n = 142)

285.0-347.6

3rd
Quartile(n 
= 140)

347.6-
429.5

4th Quartile (n = 
140) ≥ 429.5

P

LDL-c (mmol/L) 2.74 ± 1.04 2.70 ± 0.99 2.82 ± 1.08 2.62 ± 0.96 2.82 ± 1.14 0.33

eGFR
(ml/min/1.73 m2)

82.3 ± 25.6 90.1 ± 27.2 87.7 ± 21.3 82.4 ± 22.1 68.8 ± 26.4†#& < 
0.01

Abbreviations: BMI, body mass index; DBP, diastolic blood pressure; eGFR, estimated glomerular �ltration rate; FBG,
fasting blood glucose; HbA1c, glycated hemoglobin; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density
lipoprotein cholesterol; SBP, systolic blood pressure; TC, total cholesterol; TG, total triglyceride.

¶ P < 0.05 between 1st quartile and 2nd quartile

§ P < 0.05 between 1st quartile and 3rd quartile

† P < 0.05 between 1st quartile and 4th quartile

* P < 0.05 between 2nd quartile and 3rd quartile

# P < 0.05 between 2nd quartile and 4th quartile

& P < 0.05 between 3rd quartile and 4th quartile

Comparison of biventricular conventional echocardiography
parameters according to quartile of SUA
In the present study, biventricular structure and function showed a signi�cant difference according to quartile of SUA
(Table 2). Patients with a higher quartile SUA had greater LV wall thickness and LV volume, decreased LVEF, and impaired
LV diastolic function compared with those with lower quartile SUA (all P < 0.05). When these parameters were compared
between different quartiles, patients with the highest quartile SUA (4th quartile) had a higher IVSd, LVPWd, RWT, average
E/E’, and lower LVEF, E’-sep and E’-lat (4th quartile vs 1st quartile, or 4th quartile vs 2nd quartile, all P < 0.05). All
aforementioned parameters of LV structure and function nonetheless showed no difference between the 1st and 2nd
quartile, or the 3rd and 4th quartile (all P > 0.05).



Page 7/16

Table 2
Comparison of biventricular conventional echocardiography parameters according to quartile of serum uric acid

Variable 1st Quartile (n = 
138)

2nd Quartile (n = 
142)

3rd Quartile (n = 
140)

4th Quartile (n = 
140)

P

LV function  

IVSd (mm) 9.91 ± 1.65 10.01 ± 1.88 10.84 ± 2.08§* 10.73 ± 2.02†# < 
0.01

LVPWd (mm) 9.89 ± 1.43 9.94 ± 1.52 10.61 ± 1.58§* 10.68 ± 1.78†# < 
0.01

RWT 0.44 ± 0.07 0.44 ± 0.07 0.46 ± 0.08 0.47 ± 0.09† < 
0.01

LVMI (g/m2) 87.7 ± 21.54 87.7 ± 23.7 95.4 ± 25.1 96.6 ± 32.3 0.01

LVEDV (ml) 95.4 ± 20.1 95.6 ± 22.5 100.6 ± 23.8 101.5 ± 24.3 0.04

LVESV (ml) 33.5 ± 10.6 33.3 ± 10.1 37.3 ± 12.9§* 37.0 ± 12.9 < 
0.01

LVEF (%) 66.0 ± 6.1 65.7 ± 5.4 63.9 ± 5.5§ 63.7 ± 6.8†# < 
0.01

E/A 0.92 ± 0.28 0.88 ± 0.26 0.86 ± 0.27 0.89 ± 0.46 0.57

E’-sep (mm/s) 7.55 ± 2.46 7.36 ± 2.54 6.98 ± 2.30 6.67 ± 2.29† 0.01

E’-lat (mm/s) 9.65 ± 2.68 10.06 ± 2.73 9.08 ± 2.62* 9.04 ± 2.92# 0.01

Average E/E’ 9.5 ± 3.0 9.3 ± 3.3 9.7 ± 4.1 10.6 ± 5.0# 0.03

RV function  

RVEDA (cm2) 12.5 ± 2.1 12.5 ± 2.4 12.5 ± 2.7 12.1 ± 2.5 0.43

RVESA (cm2) 6.42 ± 1.18 6.47 ± 1.27 6.76 ± 1.58 6.88 ± 1.92 0.04

RV-FAC (%) 48.6 ± 6.7 47.8 ± 7.4 45.7 ± 8.1§ 43.2 ± 8.0†#& < 
0.01

TAPSE (mm) 21.1 ± 3.3 20.8 ± 2.9 20.0 ± 3.51§ 18.8 ± 3.1†#& < 
0.01

RVSP
(mmHg)

27.9 ± 8.1 26.9 ± 7.1 26.6 ± 6.5 28.9 ± 9.5 0.30

Abbreviations: A, peak velocity in late diastole of mitral valve in�ow; E, peak velocity in early diastole of mitral valve
in�ow; E’-sep, early diastolic velocity of mitral valve annulus at septum; E’-lat, early diastolic velocity of mitral valve
annulus at lateral; IVSd, inter-ventricular septal dimension at end-diastole; LV, Left ventricular; LVEDV, LV volume at the
end of diastolic; LVEF, LV ejection fraction; LVESV, LV volume at the end of systolic; LVMI, LV mass index; LVPWd, LV
posterior wall thickness at end-diastole; RV, right ventricular; RVEDA, RV end-diastolic area; RVESA, RV end-systolic
area; RV-FAC, RV fractional area change; RVSP, RV systolic pressure; RWT, relative wall thickness; TAPSE, tricuspid
annular plane systolic excursion.

¶ P < 0.05 between 1st quartile and 2nd quartile

§ P < 0.05 between 1st quartile and 3rd quartile

† P < 0.05 between 1st quartile and 4th quartile

* P < 0.05 between 2nd quartile and 3rd quartile



Page 8/16

Variable 1st Quartile (n = 
138)

2nd Quartile (n = 
142)

3rd Quartile (n = 
140)

4th Quartile (n = 
140)

P

# P < 0.05 between 2nd quartile and 4th quartile

& P < 0.05 between 3rd quartile and 4th quartile

Similarly, RV systolic function, measured by RV-FAC and TAPSE, was impaired in patients with higher quartiles of SUA
compared with those with lower quartiles (all P < 0.05). RV-FAC and TAPSE decreased in a progressive manner across SUA
quartile with the lowest values in the 4th quartile (all P < 0.05). Nevertheless, both RV-FAC and TAPSE showed no
signi�cant difference between the 1st and 2nd quartile (all P > 0.05).

Association of quartile of SUA with biventricular myocardial strain
Comparison of biventricular strain in T2DM patients according to quartile of SUA is shown in Table 3. Consistent with the
results of conventional parameters of biventricular function, the absolute value of all biventricular strain parameters
showed a stepwise decrease across SUA quartiles (all P < 0.01) (Table 3), showing signi�cantly worse values for GLS, CS
and RS in the 4th quartile compared with the other three (all P < 0.05). The same trend was observed for RV-FWLS that was
signi�cantly impaired in the 4th quartile compared with the �rst two quartiles (all P < 0.05). None of the biventricular strain
parameters showed any difference between the 1st and 2nd quartile (all P > 0.05). Univariate linear regression further
demonstrated that SUA of the 3rd quartile and 4th quartile was associated with impaired biventricular myocardial strain
(all P < 0.05) (Table 4). Multivariate linear regression, adjusted for factors that were statistically signi�cant in univariate
analyses, demonstrated that higher quartile of SUA remained an independent factor associated with impaired biventricular
myocardial strain (all P < 0.05) (Table 5).

Table 3
Comparison of biventricular strain according to quartile of serum uric acid

Variable 1st Quartile (n = 
138)

2nd Quartile (n = 
142)

3rd Quartile (n = 
140)

4th Quartile (n = 
140)

P

GLS (%) -21.1 ± 3.6 -20.6 ± 3.0 -19.3 ± 3.3§* -17.7 ± 3.7†#& < 0.01

CS (%) -19.3 ± 3.6 -19.5 ± 3.7 -17.3 ± 3.7§* -16.0 ± 3.6†#& < 0.01

RS (%) 35.9 ± 11.5 34.7 ± 10.1 31.7 ± 12.8§ 27.5 ± 9.8†#& < 0.01

RV-FWLS
(%)

-22.3 ± 4.9 -21.2 ± 5.1 -20.0 ± 5.0§ -18.3 ± 5.4†# < 0.01

Abbreviations: CS, circumferential strain; GLS, global longitudinal strain; RS, radial strain; RV-FWLS, right ventricular
free wall longitudinal strain.

¶ P < 0.05 between 1st quartile and 2nd quartile

§ P < 0.05 between 1st quartile and 3rd quartile

† P < 0.05 between 1st quartile and 4th quartile

* P < 0.05 between 2nd quartile and 3rd quartile

# P < 0.05 between 2nd quartile and 4th quartile

& P < 0.05 between 3rd quartile and 4th quartile
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Table 4
Univariate linear regression showing variables associated with biventricular strain

Variable GLS CS RS RV-FWLS

β P β P β P β P

Serum uric acid quartiles

1st Quartile Reference Reference Reference Reference

2nd Quartile 0.51 0.21 -0.13 0.78 -1.18 0.40 1.05 0.02

3rd Quartile 1.72 < 0.01 2.02 < 0.01 -4.21 < 0.01 2.24 < 0.01

4th Quartile 3.42 < 0.01 3.35 < 0.01 -8.35 < 0.01 3.94 < 0.01

Age (years) 0.86 < 0.01 0.98 0.02 -0.83 0.01 0.03 0.12

Gender 0.55 0.08 0.67 0.05 -0.69 0.50 0.36 0.46

BMI (kg/m2) 0.08 0.04 0.11 0.02 -0.16 0.25 0.28 < 0.01

Smoker 0.91 0.02 0.84 0.04 -1.43 0.25 -0.34 0.55

Hypertension 0.83 0.04 1.06 0.02 0.31 0.82 1.83 < 0.01

Hyperlipidemia -0.23 0.46 -0.31 0.37 -2.25 0.03 -0.54 0.26

Diabetes duration (years) -0.04 0.07 -0.06 0.02 -0.04 0.53 -0.02 0.52

HbA1c (%) 0.24 0.02 0.93 0.01 -0.09 0.79 0.23 0.13

TC (mmol/L) 0.11 0.43 0.11 0.45 0.10 0.81 0.02 0.94

TG (mmol/L) 0.07 0.38 0.10 0.28 -0.50 0.06 -0.01 0.98

HDL-c (mmol/L) -0.70 0.09 -1.47 < 0.01 0.73 0.59 -0.75 0.24

LDL-c (mmol/L) 0.11 0.48 0.15 0.39 0.58 0.26 0.22 0.36

eGFR (ml/min/1.73 m2) -0.03 < 0.01 -0.02 < 0.01 0.04 0.08 -0.02 0.10

Abbreviations: Similar to Table 1 and Table 3.
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Table 5
Multiple linear regression showing association of quartile of serum uric acid with biventricular strain

Variable GLS CS RS RV-FWLS

Standardizedβ P Standardizedβ P Standardized
β

P Standardized
β

P

Serum uric acid quartiles

1st Quartile Reference Reference Reference Reference

2nd Quartile 0.10 0.46 -0.15 0.28 -0.13 0.35 0.10 0.53

3rd Quartile 0.33 0.02 0.46 < 
0.01

-0.42 < 
0.01

0.26 0.10

4th Quartile 0.72 < 
0.01

0.77 < 
0.01

-0.84 < 
0.01

0.47 0.02

Age (years) 0.02 0.64 0.04 0.41 -0.06 0.23 0.11 0.10

BMI (kg/m2) -0.01 0.92 0.01 0.81 0.01 0.79 0.13 0.03

Smoker 0.09 0.42 0.15 0.21 -0.02 0.85 -0.12 0.37

Hypertension 0.06 0.63 0.09 0.53 0.11 0.42 0.10 0.52

Hyperlipidemia -0.02 0.87 -0.03 0.77 -0.25 0.01 -0.14 0.24

Diabetes duration
(years)

-0.15 < 
0.01

-0.15 < 
0.01

-0.03 0.50 -0.07 0.25

HbA1c (%) 0.12 0.02 0.02 0.74 0.01 0.86 0.07 0.24

HDL-c (mmol/L) -0.03 0.52 -0.09 0.07 -0.02 0.72 -0.04 0.43

eGFR
(ml/min/1.73 m2)

-0.12 0.02 -0.05 0.37 -0.05 0.39 -0.03 0.68

Abbreviations: Similar to Table 1 and Table 3

Patients were further strati�ed into those with and without renal impairment, de�ned as eGFR < or ≥ 60 ml/min/1.73 m2

respectively, and diabetic control according to HbA1c < or ≥ 7%. A reduced trend of biventricular strain across SUA
quartiles was observed regardless of renal function or diabetic control (all P < 0.05) and the absolute values of GLS, CS, RS
and RV-FWLS in the 4th quartile were lower compared with the other quartiles (Supplementary Table 2 and Table 3).

Discussion
The present study demonstrates that SUA level correlates with both LV and RV dysfunction, measured by speckle tracking
derived strain, in asymptomatic patients with T2DM. The association persisted when patients were strati�ed into those
with eGFR < or ≥ 60 ml/min/1.73 m2, and HbA1c < or ≥ 7%, indicating that an effect of SUA on myocardial function is
independent of renal function and diabetic control.
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Amongst patients with T2DM, the prevalence of heart failure is 22%. The two conditions often coexist with bidirectional
effects in terms of causation and outcome.[13] It is recognized that diabetes causes myocardial dysfunction in the
absence of major epicardial coronary artery disease, termed diabetic cardiomyopathy. Imaging studies demonstrate that
typical abnormalities include the presence of systolic or diastolic dysfunction with left ventricular hypertrophy. The
underlying mechanism of adverse LV remodeling and myocardial dysfunction in patients with T2DM is complex and likely
to be multifactorial but has nonetheless not been elucidated. Echocardiography is a readily available imaging modality
that enables the detection of adverse LV remodeling and diastolic dysfunction in patients with T2DM.[14] Using
echocardiography, cross-sectional studies have illustrated that oxidative stress[15], autonomic dysfunction[16],
microvascular disease[17], obesity[18] and poor glycemic control[19] are possible factors associated with LV hypertrophy
and diastolic dysfunction in patients with T2DM. In a recent study that involved a general population with normal LV
ejection fraction, an elevated SUA was independently correlated with LV GLS, independent of cardiovascular risk factors.
[20] A similar association was noted in both hypertensive and non-hypertensive patients where myocardial function,
assessed by 3-dimensional speckle tracking derived strain, was correlated with SUA level.[21] Possible explanations of the
association between hyperuricemia and myocardial function include the potential for elevated SUA to cause myocardial
�brosis.[22] A high SUA can also induce a chronic in�ammatory state[23] and impede microcirculation[24] that further
impairs myocardial contractility. Our result extends these observations and demonstrates that a high SUA contributes to
LV myocardial dysfunction in patients with T2DM, a disease entity that signi�cantly contributes to myocardial
dysfunction. The validity of our observation is further established by the adjustment for renal function, HbA1c level and
use of medication, such as angiotensin converting enzyme inhibitors, all confounding factors that affect myocardial
dysfunction in patients with T2DM. Consequently, the result supports a close association of hyperuricemia with LV
myocardial dysfunction in patients with T2DM and no history of cardiovascular disease.

The importance of RV function assessment has gained considerable attention recently. As well as its correlation with LV
dysfunction, it is a powerful predictor of adverse outcome.[3] Although studies have mostly focused on the assessment of
LV dysfunction, there is a paucity of information regarding the role of SUA in RV function. The advent of speckle tracking
derived strain analysis, with less angle dependency and superior reproducibility than conventional assessments such as
TAPSE or RV-FAC, has now been validated as a promising means to evaluate RV systolic function.[25] In patients with
T2DM, RV strain was signi�cantly more impaired compared with controls and correlated with age and BMI. The same
associations were noted in our result.[26] The present study further extends these correlations and is the �rst to
demonstrate that SUA independently affects both LV and RV myocardial dysfunction in a group of otherwise
asymptomatic T2DM patients. This �nding not only highlights a potential mechanistic role of SUA in biventricular
dysfunction, but also advocates that concomitant hyperuricemia in patients with T2DM may suggest the presence of
subclinical myocardial dysfunction.

Impaired renal function, a common phenomenon in both T2DM and hyperuricemia, is known to affect myocardial
function. It is thus relevant to consider the impact of renal function when evaluating the association between T2DM and
hyperuricemia. Our �nding con�rms that a high SUA correlates closely with biventricular dysfunction, even when patients
were strati�ed into those with and without renal dysfunction. Although it has been shown that renal dysfunction impairs
myocardial function in patients with T2DM, the assessment of serum SUA may further identify those with worse cardiac
function. In the same context, our result con�rms that a higher SUA correlates with biventricular dysfunction, in patients
with HbA1C < and ≥ 7%. Indeed, diabetic control, measured by HbA1c% is closely related to heart failure risk in T2DM[27]
and a HbA1c ≥ 7% appears to be associated with an increased risk for hospitalization for HF.[28] Whether a reduction in
serum SUA can improve cardiac function in T2DM patients with renal dysfunction and/or suboptimal diabetic control
merits further evaluation.

Limitation
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Similar to other cross-sectional studies, a causative relation between a high SUA and biventricular myocardial dysfunction
was not established in our patients. Nonetheless an SUA lowering agent has previously been proven to reduce
hospitalization for HF[2], suggesting that hyperuricemia contributes to the development of myocardial dysfunction. Our
patients were asymptomatic so did not undergo routine anatomical or functional assessment for underlying ischemia and
the present international recommendation does not encourage routine screening for underlying coronary artery disease in
patients with T2DM.[29] Our study population who continued their normal daily routine nonetheless demonstrated a strong
correlation of SUA with myocardial dysfunction so the result may apply to all T2DM patients routinely seen in our clinics.

Conclusion
Our result demonstrates a close relation between hyperuricemia and biventricular myocardial dysfunction in patients with
T2DM. This association persisted in those with and without renal dysfunction and HbA1c < and ≥7%. The potential of a
uric acid lowering agent prescribed to patients with T2DM and concomitant hyperuricemia to prevent myocardial
dysfunction merits elucidation by future randomized study.
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A, peak velocity in late diastole of mitral valve in�ow

BMI, body mass index

CS, circumferential strain

eGFR, estimated glomerular �ltration rate

E, peak velocity in early diastole of mitral valve in�ow
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IVSd, inter-ventricular septal dimension at end-diastole

LDL-c, low-density lipoprotein cholesterol

LV, Left ventricular
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LVMI, LV mass index

LVPWd, LV posterior wall thickness at end-diastole

MDRD, Modi�cation of Diet in Renal Disease

RS, radial strain

RV, right ventricular

RVEDA, RV end-diastolic area

RVESA, RV end-systolic area

RV-FAC, RV fractional area change

RV-FWLS, right ventricular free wall longitudinal strain

RVSP, RV systolic pressure

RWT, relative wall thickness

SUA, serum uric acid
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