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Objective: This study aimed to employ echocardiography for measuring the markers of left ventricular (LV) diastolic function to 
investigate the effects of family history of gout on the LV diastolic function in patients with primary gout.
Methods: Two hundred and eighty-four patients with primary gout who visited the Department of Rheumatology and Immunology of 
the First Affiliated Hospital of Chengdu Medical College from September 2020 to July 2022 were selected and their family history of 
gout, general information, and laboratory markers were recorded. Parameters of LV diastolic function were measured via echocardio
graphy. The correlation between family history and LV diastolic function markers was analyzed using univariate and multivariate 
regression and the receiver operating characteristic (ROC) curve analyses.
Results: LV diastolic function parameters, peak early mitral diastolic velocity (E)/peak late mitral diastolic velocity (A), and early 
septal mitral annulus diastolic motion velocity (Sepe’), early lateral mitral annulus diastolic motion velocity (Late’) and their mean 
(e’), were significantly lower in patients with familial primary gout, while left atrial volume index (LAVI) and E/e’ were markedly 
elevated in patients with sporadic primary gout. In patients with family history, the proportion of grade ≥2 LV diastolic insufficiency 
was distinctly higher than that in patients without family history (41.6% vs 12.3%). Even after adjusting for confounding variables, 
LAVI, E/A, Sepe’, Late’, e’, E/e’ were obviously associated with family history of gout. The area under ROC of family history 
combined with SUA level for identifying grade ≥2 LV diastolic insufficiency in patients with primary gout was 0.872 (P<0.05).
Conclusion: Family history of gout was closely related to echocardiographic LV diastolic function parameters in patients with gout, 
what is more, family history of gout combined with SUA level was found to be a valuable indicator for discriminating grade ≥2 LV 
diastolic insufficiency in patients with primary gout.
Keywords: primary gout, family history, echocardiography, left ventricular diastolic function

Introduction
According to the statistics of the World Health Organization, about 3.9% of people in the world are suffering from gout, 
while in China, the incidence of gout ranges from 1% to 3%. Gout is more common in men than in women, and in 
population-based studies from Europe and North America, the male to female sex ratio has been reported to range 
between 2:1 and 4:1. However, the sex ratio in studies from Asia is much higher, at approximately 8:1.1 Gout is 
commonly associated with cardiovascular disease, hypertension, obesity, diabetes, dyslipidemia and chronic kidney 
disease. These conditions can complicate the management of gout and contribute to premature mortality. Of those, 
cardiovascular disease is the major cause of increased mortality in patients with gout. On the other hand, reciprocally, 
gout is a potential risk factor and a poor prognostic factor for cardiovascular disease. Growing evidence has indicated that 
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persistent elevated uric acid may have direct negative effects on cardiac function, further leading to clinical heart failure, 
especially heart failure patients with preserved ejection fraction (HFpEF).2–4

In total, ~20% of patients with gout are reported to have family history. Genetic predispositions are known to play an 
important role in the pathogenesis of gout.5 In genome-wide association studies for gout, about 183 loci have been 
identified that contribute to high or low serum uric acid (SUA) and 55 of these loci are associated with the risk of gout. 
The identified loci explain approximately 7.7% of the variation in SUA concentrations, suggesting a genetic predisposi
tion to gout. A previous segregation and linkage analysis of familial gout reveal an autosomal-arbitrary major gene 
model, which indicate a genetic basis for familial gout.6 Findings from twin studies also show that the heritability of 
serum urate is 45–73%.7 Although the familial aggregation of gout is influenced by both genetic and lifestyle/biological 
factors, accumulating evidences showed that the magnitude of familial risk increased with increasing genetic relatedness. 
The risk was highest among individuals with more than one affected first-degree relatives, followed by siblings, then 
offspring.8 These findings suggest that a genetic factor plays a substantial role in the familial aggregation of gout.

Given that both genetic factors and inflammatory component contributed to the complex mechanism of gout 
pathogenesis, it may be possible that these factors influence cardiac dysfunction. Individuals with a family history of 
gout may yield a greater impact on cardiac insufficiency compared to non-genetically predisposed persons. However, to 
the best of our knowledge, no such study has so far been conducted. Echocardiography has an irreplaceable function in 
the assessment of cardiac function, particularly diastolic function (ventricular relaxation and filling).9 Therefore, 
a comprehensive investigation is needed to explore the effect of family history of gout on left ventricular (LV) diastolic 
function by measuring LV diastolic function parameters. Accordingly, the presented study enrolled 284 patients with 
primary gout and collected their demographic characteristics, chronic comorbidities, disease characteristics, and multiple 
biochemical indexes, aiming to investigate the diagnostic value of family history of gout in LV diastolic insufficiency.

Methods
Patients
The study was a cross-sectional study involving 284 patients diagnosed with primary gout and 60 healthy controls. 
Patients with primary gout who presented for the first time to the Department of Rheumatology and Immunology, the 
First Affiliated Hospital of Chengdu Medical College from September 2020 to July 2022 were enrolled. Inclusion 
criteria: Diagnostic criteria for gout proposed by the American College of Rheumatology (ACR) and the European 
League Against Rheumatism (EULAR) in 2015; Standard uric acid lowering therapy was not performed. Exclusion 
criteria: (1) Patients with diabetes, hypertension, kidney diseases and secondary gout. (2) Patients with past valvular heart 
disease, cardiomyopathy, coronary artery disease. (3) Patients with arrhythmia and pacemaker implantation. (4) Previous 
history of cardiac surgery. (5) Patients with autoimmune diseases or severe infections. (6) Patients who have been 
infected with the COVID-19. The healthy control group was recruited from the physical examination center of our 
hospital, and the recruitment criteria were as follows: no history of tumor, chronic disease, cardiovascular disease, 
physical examination, electrocardiogram, echocardiogram results were normal. All participants signed informed consent 
forms, and the study received approval from the First Affiliated Hospital of Chengdu Medical College’s Medical Ethics 
Committee (2019CYFYHEC-BA-34).

Identification of Gout Family History
Only individuals who had an identifiable biological father and mother were enrolled. In addition to the proband, there 
was more than one case of gout in the family line within three generations of direct or collateral relatives, namely, 
familial gout patient. Specifically, family member within three generations of direct or collateral relatives of the proband 
(defined as the individual diagnosed with primary gout) were categorized as “exposed” from the date of diagnosis of the 
first affected case in the family. The second family member to be diagnosed was defined as the first “familial case”, and 
so forth. The diagnostic information of the familial case was obtained from the hospital medical electronic records 
system. The system distinctly contained family relationship information of all enrolled patients.
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Echocardiography
The examination was performed by senior cardiovascular sonographers (Associate professor, working for more than ten 
years) who were blinded to the patients’ clinical information. An EPIQ 7C color Doppler ultrasonography (Philips, 
Washington, USA) with an S5-1 probe was used and frequency was 1–5 MHz.

LV end-diastolic and LV end-systolic volumes were measured in apical four-chamber cardiac section and apical two- 
chamber cardiac section by transthoracic two-dimensional echocardiography, and the left atrial volume index (LAVI) was 
calculated by the biplane Simpson method (Figure 1d). Peak mitral valve velocities in early diastole (E) and late diastole 
(A) were measured using a pulsed Doppler (Figure 1a), and E/A was calculated. Tissue Doppler measurements of septal 
mitral annular early diastolic motion velocity (Sepe’) and lateral mitral annular early diastolic motion velocity (Late’) 
were recorded (Figure 1b and c), and the mean of mitral annular septal and lateral early diastolic motion velocities (e’) 
were calculated to determine E/e’.

The ACR assessment markers for LV diastolic function was combined with the Chinese Medical Association’s 
Clinical Application Guidelines for Echocardiographic Assessment of Cardiac Systolic and Diastolic Function (2020), 
which contains the following main reference markers for abnormal LV diastolic function in patients with normal LVEF: 
(1) mitral annular e’ velocity (septal e’ < 7 cm/s or lateral wall e’ < 10 cm/s); (2) mean E/e’ > 14; (3) LAVI > 34 mL/m²; 
and (4) maximum tricuspid regurgitation velocity > 2.8 m/s. If two or three of these three markers are negative or if only 
two markers are available and are negative, this suggests normal left atrial pressure and grade 1 diastolic insufficiency; if 

Figure 1 Transthoracic two-dimensional echocardiography in patients with gout. (a) Peak mitral valve velocities in early diastole (E) and late diastole (A) were measured 
using a pulsed Doppler. (b) Doppler measurements of septal mitral annular early diastolic motion velocity (Sepe’). (c) Doppler measurements of lateral mitral annular early 
diastolic motion velocity (Late’). (d) The left atrial volume index (LAVI) was calculated by the biplane Simpson method.
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two or three of these three markers are positive or if only two markers are available and are positive, this suggests 
increased left atrial pressure and grade 2 diastolic insufficiency.

Clinical Data
Family history of gout and general data (age, disease duration, height, weight, and BMI) of all participants were 
collected. Laboratory tests were performed within 24 hours of echocardiography. Creatinine (CREA), serum uric acid 
(SUA), cystatin C (CysC), β2-microglobulin (β2-MG), triglyceride (TG), total cholesterol (TC), high-density lipoprotein 
cholesterol (HDL-C) and low-density lipoprotein cholesterol (LDL-C) were collected.

Statistical Analysis
Non-normally distributed variables were expressed as median (quartiles) using the Mann–Whitney U-test; categorical 
data were compared using the chi-square test; the relationship among demographic statistics, laboratory markers, and LV 
diastolic function was analyzed using Spearman correlation analysis and point-biserial correlation; the relationships 
between family history and LV diastolic function parameters and between family history and LV diastolic insufficiency 
grade were analyzed using linear regression, then a receiver operating characteristic (ROC) curve was plotted and areas 
under the curve (AUC) were determined. Regarding the calculation of the study size, the general guidance of limiting 
variable inclusion to 1 variable per 10 outcome events was used. All statistical analyses were performed using SPSS 
v21.0 (IBM, Armonk, NY, USA). A difference with two-tailed P-value <0.05 was considered significant.

Results
Comparison of general data, laboratory markers, and LV diastolic function parameters 
between the primary gout and the control groups
The mean age of the 284 patients with primary gout was 42.3(33.2~53.8) years and the mean age of the 60 controls was 
44.6(39.7~62.0) years. Of those, 244 are male and 40 are female (male to female ratio was 6.1:1). CREA, SUA, CysC, 
β2MG, and TG levels increased in patients with primary gout than in controls (all P < 0.05); HDL-C levels decreased in 
patients with primary gout than in controls (P = 0.003). There were no statistical differences in BMI, TC and LDL-C 
levels between primary gout patients and controls (Table 1).

Compared to the control group, E/A, Sepe’, Late’, and e’ were distinctly lower in patients with primary gout (all P < 
0.001), whereas E/e’ and LAVI were obviously higher (all P < 0.001). Further, LV diastolic insufficiency in the primary 
gout patients and the control group was graded according to the American Society of Echocardiography guidelines 
according to four markers of LV diastolic insufficiency, and the results indicated that all cases of LV diastolic 
insufficiency in the control group were of grade 1, and 80.3% of the patients in the primary gout group experienced 
grade 1 LV diastolic insufficiency and 19.7% had grade ≥2 (Table 1).

Comparison of general data, laboratory markers, and LV diastolic function parameters 
between familial primary gout and sporadic primary gout groups
Two hundred and eighty-four patients with primary gout were divided into familial primary gout group (n=89) and sporadic 
primary gout group (n=195) according to family history of gout. Patients in familial primary gout group were younger but 
had longer disease duration than that in sporadic primary gout group. The levels of SUA, TG, TC, and LDL-C were higher 
in the familial primary gout group than in the sporadic primary gout group (all P < 0.05), while the levels of HDL-C were 
lower than in the sporadic primary gout group (P = 0.009). There were no statistically significant differences in BMI, 
CREA, CysC, and β2MG levels between the familial primary gout group and the sporadic primary gout group (Table 2).

Compared to the sporadic primary gout group, patients with familial primary gout had lower E/A, Sepe’, Late’, and e’ 
(all P < 0.05), but elevated E/e’ and LAVI (all P < 0.05). Significant LV diastolic insufficiency was observed in patients 
with familial primary gout. Specifically, 41.6% of patients with familial primary gout had grade ≥2 diastolic insufficiency 
and 58.4% had grade <2 insufficiency, whereas 87.7% of patients with sporadic primary gout had grade <2 diastolic 
function and 12.3% had grade ≥2 diastolic function (Table 2).
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Table 1 Comparison of General Data, Laboratory Markers, and Left Ventricular 
Diastolic Function Parameters Between the Primary Gout Group and the Control 
Group

Variables Primary gout group  
(n=284)

Control group  
(n=60)

P

Age, years, median (IQR) 42.3(33.2~53.8) 44.6(39.7~62.0) 0.063
Male, n, (%) 244(85.9%) 51(85.0%) 0.883

Female, n, (%) 40(14.1%) 9(15.0%) 0.098

BMI, kg/m2, median (IQR) 24.8(23.2~27.8) 24.3(22.0~26.1) 0.074
CREA, μmol/L, median (IQR) 85.4(76.3~94.5) 76.2(66.8~80.1) <0.001

SUA, μmol/L, median (IQR) 451(397~499) 340(309~382) <0.001
CysC, mg/L, median (IQR) 1.00(0.87~1.08) 0.94(0.82~0.98) <0.001

β2MG, mg/L, median (IQR) 2.3(1.9~2.8) 2.1(1.7~2.4) 0.008

TG, mmol/L, median (IQR) 1.87(1.40~2.55) 1.24(0.92~1.77) <0.001
TC, mmol/L, median (IQR) 4.55(3.91~5.21) 4.34(3.97~5.10) 0.441

HDL-C, mmol/L, median (IQR) 1.15(0.96~1.44) 1.35(1.18~1.53) 0.003

LDL-C, mmol/L, median (IQR) 2.70(2.21~3.25) 2.55(2.12~3.01) 0.377
E/A, median (IQR) 1.14(0.70~1.33) 1.55(1.40~1.61) <0.001

Sepe’, cm/s, median (IQR) 7.5(6.3~8.8) 13.3(11.4~14.8) <0.001

Late’, cm/s, median (IQR) 11.1(9.5~13.7) 17.3(14.2~18.8) <0.001
e’, cm/s, median (IQR) 9.3(8.0~10.8) 15.3(13.2~17.0) <0.001

E/e’, median (IQR) 7.9(6.3~9.9) 6.2(5.5~6.9) <0.001

LAVI, mL/m2, median (IQR) 30.1(26.2~33.1) 22.6(22.1~28.2) <0.001
LV diastolic insufficiency

<grade 2, n, (%) 228 (80.3%) 60 (100%) <0.001

≥grade 2, n, (%) 56 (19.7%) 0 <0.001

Abbreviations: IQR, Interquartile range; BMI, Body mass index; CREA: Creatinine; SUA, Serum uric acid; 
CysC, Cystatin C; β2MG: Beta-2 microglobulin; TG, Triglyceride; TC, Total cholesterol; HDL-C: High density 
lipoprotein cholesterol; LDL-C, Low density lipoprotein cholesterol.

Table 2 Comparison of General Data, Laboratory Parameters, and LV Diastolic Function 
Parameters Between the Familial Primary Gout Group and the Sporadic Primary Gout Group

Variables Familial Primary Gout  
(n=89)

Sporadic Primary Gout  
(n=195)

P

Age, years, median (IQR) 35(28~40) 45(30~57) <0.001

Male, n, (%) 78(87.6%) 166(85.1%) 0.103
Female, n, (%) 11(12.4%) 29(14.9%) 0.061

BMI, kg/m2, median (IQR) 25.4(22.3~28.3) 25.7(24.0~27.5) 0.774

Gout duration, years, median (IQR) 4.3(3.1~7.3) 2.0(1.1~6.2) <0.001
CREA, μmol/L, median (IQR) 86.6(77.2~97.2) 84.9(75.5~93.8) 0.139

SUA, μmol/L, median (IQR) 474(422~541) 430(372~475) <0.001

CysC, mg/L, median (IQR) 0.97(0.88~1.12) 1.03(0.90~1.11) 0.699
β2MG, mg/L, median (IQR) 2.2(1.8~2.7) 2.3(1.9~2.8) 0.493

TG, mmol/L, median (IQR) 2.18(1.58~2.95) 1.68(1.21~2.39) <0.001

TC, mmol/L, median (IQR) 4.91(4.11~5.37) 4.52(3.73~5.13) 0.002
HDL-C, mmol/L, median (IQR) 1.11(0.85~1.30) 1.23(1.02~1.57) 0.009

LDL-C, mmol/L, median (IQR) 2.95(2.37~3.77) 2.70(2.05~3.09) 0.003

E/A, median (IQR) 0.81(0.79~1.38) 1.17(0.81~1.30) 0.002
Sepe’, cm/s, median (IQR) 6.5(6.0~7.2) 8.3(7.3~10.1) <0.001

Late’, cm/s, median (IQR) 10.0(8.8~11.0) 11.9(9.7~14.0) <0.001

e’, cm/s, median (IQR) 8.3(7.7~9.6) 10.1(8.3~12.0) <0.001

(Continued)
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Correlation between LV diastolic function parameters and family history of gout, 
general information, and laboratory markers
Correlation analysis between LV diastolic function parameters and family history of gout, general data, and laboratory 
markers showed that E/e’, LAVI, and LV diastolic insufficiency grade were positively correlated with family history of 
gout (all P < 0.001), and E/A, Sepe’, Late’, and e’ were negatively correlated with family history of gout (all P < 0.001), 
which were presented in Table 3. In addition, E/A was negatively correlated with age, disease course, BMI, and CysC; E/ 
e’ was positively correlated with age, disease course, and SUA. Moreover, LAVI related to BMI, SUA, and CysC 
positively, meanwhile, LV diastolic insufficiency classification related to disease course, CREA, SUA, CysC, and TG 
positively and related to HDL-C negatively.

Regression Analysis of LV Diastolic Function Parameters and Family History of Gout
Linear regression analysis (Table 4) indicated that E/A, Sepe’, Late’, and e’ remained significant negative correlation 
with family history of gout (all P < 0.05), and E/e’ and LAVI were positively correlated with family history of gout (all 
P < 0.05). As shown in Table 4, these negative and positive correlations were maintained when adjusted for age, BMI, 
disease course, CREA, SUA, CysC, β2MG, TC, and HDL-C.

The capability of family history of gout, SUA and the combination of both to identify 
grade ≥2 LV diastolic insufficiency
Further, we constructed ROC curves to explore the identification performance of family history and SUA for grade ≥2 
LV diastolic insufficiency in patients with primary gout. As shown in Figure 2, the AUC of family history of gout and 
SUA for discriminating grade ≥2 LV diastolic insufficiency was 0.714 and 0.845, respectively (both P<0.05). What is 
more, the combination of family history of gout and SUA, presented a good value in discriminating grade ≥2 LV diastolic 
insufficiency (AUC=0.872, P<0.05), which was more valuable than family history of gout alone.

Discussion
In this study, we investigated the effects of family history of gout on LV diastolic function in patients with primary gout 
and the identification value of family history of gout on grade ≥2 higher LV diastolic insufficiency in patients with 
primary gout. The results showed that family history of gout was closely associated with LV diastolic insufficiency, 
supported by the following points: (1) LV diastolic function parameters, E/A, Sepe’, Late’, and e’ were lower and E/e’ 
and LAVI measured by echocardiography were higher in patients with family history of gout than those without that; (2) 
The proportion of grade ≥2 LV diastolic insufficiency was increased in patients with family history of gout; (3) E/e’, 
LAVI, and LV diastolic insufficiency grades were positively correlated with family history of gout, while E/A, Sepe’, 
Late’, and e’ were negatively correlated with family history of gout; (4) ROC curve analysis indicated that family history 
of gout could identify grade ≥2 LV diastolic insufficiency in patients with primary gout, and the identification ability was 
better when combined with SUA level.

Table 2 (Continued). 

Variables Familial Primary Gout  
(n=89)

Sporadic Primary Gout  
(n=195)

P

E/e’, median (IQR) 8.5(6.4~11.1) 7.4(6.1~8.5) 0.013
LAVI, mL/m2, median (IQR) 32.7(28.6~35.7) 29.5(25.2~32.5) <0.001

LV diastolic insufficiency

<grade 2, n, (%) 52 (58.4%) 171 (87.7%) <0.001
≥grade 2, n, (%) 37 (41.6%) 24 (12.3%) <0.001

Abbreviations: IQR, Interquartile range; BMI, Body mass index; CREA: Creatinine; SUA, Serum uric acid; CysC, Cystatin C; 
β2MG: Beta-2 microglobulin; TG, Triglyceride; TC, Total cholesterol; HDL-C: High density lipoprotein cholesterol; LDL-C, 
Low density lipoprotein cholesterol.
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Table 3 Correlation Between Family History, General Information, Laboratory Markers, and Echocardiographic Parameters in the Familial Primary Gout Group and the Sporadic 
Primary Gout Group

Variables E/A Sepe’ (cm/s) Late’ (cm/s) e’ (cm/s) E/e’ LAVI (mL/m2) LV Diastolic Insufficiency

r P r P r P r P r P r P r P

Family history −0.200 0.002 −0.419 <0.001 −0.27 <0.001 −0.355 <0.001 0.143 0.025 0.290 <0.001 0.370 <0.001
Age −0.230 <0.001 −0.237 <0.001 −0.25 <0.001 −0.256 <0.001 0.189 0.003 −0.018 0.781 0.095 0.140

BMI −0.131 0.037 −0.036 <0.001 −0.011 0.863 −0.016 0.802 0.032 0.623 0.251 <0.001 −0.006 0.921

Gout duration −0.274 <0.001 −0.326 <0.001 −0.34 <0.001 −0.355 <0.001 0.202 0.002 0.108 0.093 0.251 <0.001
CREA −0.037 0.568 −0.06 0.353 −0.013 0.837 −0.032 0.615 −0.016 0.798 0.108 0.092 0.138 0.031

SUA −0.094 0.143 −0.247 <0.001 −0.179 0.005 −0.215 0.001 0.148 0.021 0.306 <0.001 0.482 <0.001

CysC −0.136 0.034 −0.214 0.001 −0.131 0.040 −0.168 0.009 0.073 0.257 0.182 0.004 0.160 0.012
β2MG −0.122 0.056 −0.176 0.006 −0.062 0.331 −0.109 0.089 0.087 0.178 0.123 0.055 0.094 0.145

TG 0.04 0.536 −0.055 0.393 −0.037 0.565 −0.044 0.495 0.138 0.032 0.118 0.066 0.159 0.013

TC 0.021 0.747 0.024 0.705 0.028 0.665 0.030 0.640 −0.006 0.926 0.007 0.917 0.031 0.627
HDL-C −0.026 0.683 0.049 0.446 −0.057 0.380 −0.018 0.785 −0.051 0.425 −0.059 0.361 −0.140 0.028

LDL-C 0.017 0.797 0.022 0.733 0.083 0.197 0.070 0.275 −0.012 0.856 0.055 0.393 0.044 0.498

Abbreviations: BMI: Body mass index; CREA: Creatinine; SUA: Serum uric acid; CysC: Cystatin C; β2MG: Beta-2 microglobulin; TG: Triglyceride; TC: Total cholesterol; HDL-C: High density lipoprotein cholesterol; LDL-C: Low density 
lipoprotein cholesterol.
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Under normal circumstances, the production and excretion of uric acid in the human body are in relative equilibrium 
and the occurrence of hyperuricemia and gout inevitably disrupts this equilibrium. Epidemiological studies have revealed 
that elevated uric acid increases the risk of cardiovascular diseases (including coronary heart disease, stroke, congestive 
heart failure, hypertension, and atrial fibrillation) in populations.10 In addition, both high uric acid levels and gout are 
associated with an increased risk of death in patients with gout, and this is mostly attributed to adverse cardiovascular 
events.11 The pathogenesis of gout and cardiovascular disease system involvement is complex and has not been fully 
elucidated to date, but most scholars believe that it is mainly an interaction between inflammatory processes, oxidative 
stress, and genetic factors.1 Increased uric acid production promotes LV hypertrophy and cardiac fibrosis by stimulating 
inflammation and oxidative stress, which leads to diastolic dysfunction.12 Moreover, uric acid leads to the deposition of 
monosodium urate (MSU) crystals in joint tissues, which causes macrophage activation, thereby inducing the expression 
of various pro-inflammatory cytokines and proteases that are dependent on signaling pathways (such as NF-κB, JAK/ 
STAT) and activating nucleotide-binding oligomerization domain (NOD)-like receptor protein 3 (NLRP3). NLRP3 

Table 4 Correlation Between Echocardiographic Parameters and Family 
History of Gout

Variables Unadjusted Model 1a Model 2b

beta P beta P beta P

E/A −0.159 0.001 −0.210 <0.001 −0.209 <0.001
Sepe’ −1.714 <0.001 −2.132 <0.001 −1.966 <0.001

Late’ −1.483 <0.001 −1.889 <0.001 −1.725 <0.001

e’ −1.598 <0.001 −2.010 <0.001 −1.846 <0.001
E/e’ 1.151 0.001 1.434 <0.001 1.147 0.001

LAVI 2.762 <0.001 2.982 <0.001 2.370 <0.001

Notes: aAdjusted for Age, BMI, course of the disease. bAdjusted for Age, BMI, course of the 
disease, CREA, SUA, CysC, β2MG, TC, HDL-C.

Figure 2 AUC of family history of gout, SUA and the combination of both predicting the grade ≥2 LV diastolic insufficiency.
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inflammasomes rapidly recruit neutrophils and release large amounts of pro-inflammatory mediators, such as interleukin 
(IL)-1β, IL-6, tumor necrosis factor-α, and other inflammatory cytokines, forming a positive feedback loop of inflamma
tion and interacting with the local microenvironment. This is amplified through a cascade and ultimately triggers a severe 
inflammatory response leading to adverse cardiovascular outcomes.1,13,14

However, this theory that inflammation occurs due to high SUA levels and activation of the intrinsic immune system 
by MSU crystals does not fully explain some clinical problems of gout. For example, during acute gout attacks, most 
patients have elevated blood uric acid levels, but some patients with gouty arthritis do not have elevated blood uric acid 
levels; moreover, some patients exhibit remarkable finding of gout stones in the articular cavity but do not develop a gout 
attack.15 It is well known that genetic factors have important effects on the development of gout.16 A previous 
segregation and linkage analysis of familial gout revealed an autosomal-arbitrary major gene model, which indicated 
a genetic basis for familial gout.6 Moreover, findings in the relevant literature have identified a series of genes associated 
with the development of gout that directly affect SUA levels, gout-related immunity, inflammation, or urate transport. For 
example, genes that closely relate to uric acid synthesis, hypoxanthine-guanine phosphoribosyltransferase 1 and 
phosphoribosylpyrophosphate synthase 1, and genes that affect uric acid secretion and reabsorption, adenosine tripho
sphate-binding cassette transmembrane transporter protein G superfamily member 2 (ABCG2) and solute carrier family 2 
member 9. Based on the genotyping of 387 Han Chinese male patients with gout and 576 controls in China via 
polymerase-chain reaction restriction fragment length polymorphisms, the investigators suggested that IL-8 251T/A 
and IL-12B 1188A/C gene mutations are host susceptibility factors for gout development. In a separate case–control 
study of 400 gout patients and 582 controls, it was reported that IL-23R rs7517847 G/T gene mutation may be correlated 
with gout in Han Chinese men in China. In addition, another studies have reported that non-coding regions are present in 
approximately 90% of susceptibility risk genes in autoimmune diseases, and non-coding RNAs participate in disease 
development mainly by recruiting epigenetic regulators or transcription factors to activate or silence transcriptional 
processes.17 A close association between non-coding RNA and the pathogenesis of gout has been found in the ongoing 
exploration, implying that non-coding RNAs may play an important role in gout pathogenesis. In summary, genetic 
mechanisms are involved in the development of gout. With the rapid advances in gout genetics research, we can predict 
the occurrence of gout at the genetic level and guide personalized medication use. Therefore, the data on the family 
history of patients with gout can be included in the assessment of gout diagnosis and treatment to provide more targeted 
and precise treatment for patients.

Although LV structure and systolic function have not been significantly altered in patients with early gout, studies 
have found that gout can lead to LV diastolic dysfunction.18 Diastolic dysfunction is the cardinal component for the 
diagnosis of HFpEF. Identifying these gout patients with diastolic dysfunction in an early clinical stage is important, 
aiming to prevent heart failure development with preserved ejection fraction. Echocardiography is currently the first-line 
tool for the noninvasive assessment of LV diastolic function and the echocardiographic criteria for the assessment of LV 
diastolic function are well established.19 Of these parameters (LAVI, E/A, Sepe’, Late’, e’, E/e’), LAVI by body surface 
area is an important parameter and a robust predictor of advanced cardiovascular diseases.20 The left atrium stores blood 
during LV systole acts as a conduit during early LV diastole, and acts as an auxiliary pump for the left ventricle during 
late diastole. Decreased left atrial storage function and auxiliary pump function may reflect progressive deterioration of 
LV diastolic insufficiency. In the present study, LAVI was obviously greater in patients with familial primary gout 
compared to those with sporadic primary gout. Increased LAVI is the result of pressure and volume overload and is an 
important indicator of LV diastolic insufficiency grade and an important indicator of left atrial remodeling.21 Some 
investigators found that LAVI was elevated in all time phases in patients with gout and was more pronounced in gout 
than in hyperuricemia.22 Moreover, peak left atrial longitudinal strain and left atrial longitudinal strain rate were reduced 
in patients with gout, and the severity of gout was independently and negatively correlated with left atrial longitudinal 
strain rate in late ventricular diastole.18 These findings and the results of the current study indicated that increased left 
atrial volume, decreased deep left atrial longitudinal myocardial contractile function, and particularly left atrial auxiliary 
pump function were main manifestations of LV diastolic dysfunction in patients with gout.

In this study, we have also shown that, compared with patients with sporadic gout, patients with familial gout are 
characterized by younger in age, longer course, increased SUA concentration and abnormal blood lipid levels (increases in 
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TG, TC and LDL-C levels, and decreased in HDL-C level). We found that elevated SUA was strongly associated with LV 
diastolic dysfunction, even though the elevated uric acid levels were low. This finding is consistent with the results of 
previous studies. As mentioned previously,23 dysfunction of many genes leads to uric acid transport disorders resulting in 
hyperuricemia. For example, the ABCG2 gene, a well-established risk locus for gout, encodes a uric acid transporter that 
plays a key role in renal and intestinal uric acid excretion.1 Simultaneously, abnormal ABCG2 gene releases IL-8 from 
endothelial cells, which induces an inflammatory response.24 In the present study, LV diastolic function was worse in patients 
with familial primary gout than in those with sporadic primary gout. The present study reported that genetic factors may 
contribute to this condition, however, other factors should not be ignored. First, in our study, patients with familial primary 
gout were younger and had a longer disease course. Second, TC, LDL-C and TG concentrations were higher in patients with 
familial primary gout than in those with sporadic primary gout. As is well known, age and dyslipidemia are established 
traditional risk factors for cardiovascular diseases and important risk factors for LV diastolic dysfunction as well. Notably, the 
highlight of this study is that, family history is strongly associated with parameters of LV diastolic insufficiency in patients 
with primary gout, and this association remained significant even after correction for age, disease course, TC, and HDL-C. 
Thus, the importance of family history assessment should not be underestimated. What is more, to the best of our knowledge, 
this is the first study to examine the identification performance of family history combined with SUA level for grade ≥2 LV 
diastolic insufficiency in patients with primary gout. The result showed that the combination of family history of gout and 
SUA, presented a good value in discriminating grade ≥2 LV diastolic insufficiency. These findings reinforce the importance 
of family history of gout patients in LV diastolic insufficiency risk.

It has to be admitted that there are some unavoidable limitations in the current study. First, this is a single-center study 
and is limited to a regional population. Second, this is a cross-sectional study that does not determine the causality of 
disease occurrence and progression. Third, although our study excluded diseases that can traditionally cause LV diastolic 
insufficiency, such as hypertension and diabetes mellitus, there are still other factors that may cause LV diastolic 
insufficiency that have not been fully considered. Fourth, new technologies such as more sensitive blood flow vector 
imaging, stress echocardiography, and ultrasound instantaneous wave intensity are needed, and the integrated use of 
multiple echocardiographic techniques needs to be considered in future studies, to further reveal in-depth structural and 
functional damage to the cardiovascular system in patients with gout.

Conclusions
Family history of gout in primary gout patients was significantly associated with LV diastolic function parameters. LV 
diastolic function was worse in patients with family history of gout than those without family history. Additionally, 
family history of gout is a valuable indicator for discriminating grade ≥2 LV diastolic insufficiency in patients with 
primary gout. A combination of family history and SUA level in patients with gout had a better identification 
performance. Early clinical determination and intervention of LV diastolic insufficiency can be achieved by asking 
patients with gout if they have family history of gout.
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