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Abstract
Background: Serum uric acid (SUA) is strongly associated with hypertension and is associated with a
variety of cardiovascular diseases. In this study we aimed to investigate the predictive effect of SUA and
blood pressure on the left atrial (LA) size in Chinese south population.

Methods: In this cross-sectional study, we investigated the association between SUA and LA diameter and
studied the risk of LA enlargement among subjects with and without hyperuricemia (HU) in different
grades of blood pressure in a single-center database (n=5392). 

Results: The LA diameter was signi�cantly correlated with SUA(r=0.31, P<0.001). The incidence of LA
enlargement was signi�cantly greater in subjects with HU than in those without HU [25.7% vs.
14.2%, P<0.001; odds ratio (OR) = 2.09, 95% con�dence interval (CI) = (1.78,2.45)], especially in women
[21.8% vs. 7.4%, P<0.001; OR=3.50, 95%CI= (2.35, 5.22)]. In subjects with hypertension (≥140/90 mmHg)
and HU, the risk of LA enlargement was 7.90 times higher than those with ideal blood pressure (< 120/80
mmHg) and normal SUA [33.1% vs. 5.9%; P<0.001, OR=7.90, 95% CI= (5.87,10.63)]. At the same blood
pressure level, the risk of LA enlargement in HU subjects was higher than that in normal SUA (P<0.01).
After adjustment for blood pressure, the effect of HU on LA size still exists[public OR=1.82, 95% CI=
(1.54,2.14), P<0.001].

Conclusions: HU is an independent risk factor of LA enlargement in Chinese south population. SUA and
blood pressure play a synergistic role in predicting the increase of LA diameter. Keywords: Uric acid,
Hyperuricemia, Blood pressure, Left atrium

Background
Serum uric acid(SUA), the �nal product of purine metabolism catalyzed by xanthine oxidase, has been
reported to be positively correlated with levels of several in�ammatory markers, such as C-reactive
protein(CRP), interleukin (IL)-1, IL-6, IL-18 and tumor necrosis factor-α[1]. Besides, hyperuricemia (HU) was
demonstrated to be a predictor of poor outcomes in various diseases, including acute stroke, congestive
heart failure, and chronic renal disease[2–4].

It has been recently reported that SUA is independently associated with atrial �brillation (AF)[5–9].
Although the pathophysiology of AF remains incompletely understood, accumulative evidence suggested
oxidative stress and in�ammation were involved in the process of atrial remodeling, which predisposed
patients to AF[10, 11]. An enlarged left atrial (LA) size due to structural modeling is a well-known factor
that facilitates the initiation and maintenance of AF and was proved to be a useful echocardiographic
parameter in predicting AF occurrence[12]. However, the role of SUA in LA remodeling has not been fully
explored in previous studies with large sample sizes. Therefore, the goal of the present study is to
investigate the predictive effect of SUA and blood pressure on the LA size in Chinese south population.

Methods
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Study population
In this cross-sectional analysis, echocardiography and blood tests were performed in 5392 subjects, who
participated in a health examination in the Medical and Health Care Center of the First A�liated Hospital
of Wenzhou Medical University, China. All subjects were registered for general health status, past medical
history, medication history, height, weight, body mass index (BMI), and blood pressure. Exclusion criteria:
1. Cardiac diseases causing cardiac enlargement: myocardial disease, coronary heart disease, valvular
heart disease, congenital heart diseases. 2. Anemia. 3. Thyroid dysfunction. The Ethics Study Committee
in the Hospital approved the study protocols, and oral informed consent was obtained from each
participant or a parent or guardian for participants under 16 years old.

Diagnostic de�nition
The blood samples were collected and examined for each subject in the fasting state. Total cholesterol
(TC), triglyceride (TG), low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), fasting blood glucose (FPG) and SUA were obtained by a Hitachi 7080 automatic biochemical
analyzer (Hitachi Corp. Hitachinaka, Ibaraki, Japan). HU is de�ned as: in a regular purine diet, fasting SUA
levels in males are higher than 420 µmol/L, in females are higher than 360 µmol/L or take xanthine
oxidase inhibitors[13]. The transthoracic echocardiogram was performed using a multi-frequency
transducer incorporated in a GE VIVID E95 Echocardiograph (Vivid E95, GE Healthcare) following a
standardized imaging protocol, as previously described[14]. LA dimension was measured in parasternal
long axis view at end systole. Left ventricular ejection fraction (LVEF) was assessed by Simpson's
method. LA enlargement: LA diameter > 40 mm; normal LA: LA diameter ≤ 40 mm.

Statistical analysis
All analyses were performed with SPSS software version 13.0. Continuous data were presented as mean 
± standard deviation and were compared using Student t test or one-way analysis of variance (ANOVA). If
variables were not in a normal distribution, the Mann-Whitney U test was performed. Categorical variables
were compared using the Chi-square test or Fisher exact test if necessary. Correlations between variables
in cross-sectional design were evaluated using Pearson’s or Spearman’s correlation coe�cient.
Multivariate regression analysis was used to screen the potential independent predictors for LA size.
These results are reported as odds ratio (OR) and associated 95% con�dence intervals (CI). All probability
values were 2-sided, and a P-value < 0.05 was considered statistically signi�cant.

Results

Baseline characteristics
From 2015 to 2017, a total of 13 398 people participated in health examination. A total of 5392 subjects
entered the study by excluding cardiomyopathy, myocarditis, coronary heart disease, valvular heart
disease, congenital heart disease, anemiat, and thyroid dysfunction. The average age of the 5392
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subjects was 48.73 ± 11.32 years (14 ~ 93 years). Among them, 3336 were males, with an average age of
47.73 ± 11.28 years, and 2056 were females, with an average age of 48.66 ± 11.37 years. All the subjects
were divided into two groups based on the size of LA. The subjects' data about baseline characteristics,
medical histories, biochemical markers were shown in Table 1. We observed that in LA enlargement
group, age, male ratio, height, weight, BMI, blood pressure, SUA levels, FBG,TG, medical history of
hypertension, and diabetes mellitus were signi�cantly higher than in normal LA group, while HDL-C level
was signi�cantly lower than in normal LA group. The difference between the two groups was statistically
signi�cant (P < 0.001). There was no signi�cant difference in TC and LDL-C levels between the two
groups.

Table 1
Baseline characteristics of subjects divided by the size of LA

  LA enlargement normal LA P-value

  n = 891 n = 4501  

age (y) 53.81 ± 11.06 46.95 ± 11.03 0.001

Male gender (%) 714(80.1) 2622(58.3) 0.001

height (cm) 167.31 ± 7.26 164.17 ± 8.15 0.001

weight (kg) 75.13 ± 10.62 63.34 ± 10.96 0.001

BMI (kg/m2) 26.77 ± 2.84 23.42 ± 3.34 0.001

SBP (mmHg) 136.66 ± 18.17 124.74 ± 18.37 0.001

DBP (mmHg) 79.73 ± 12.32 73.61 ± 12.52 0.001

SUA (µmol/L) 374.62 ± 85.73 333.14 ± 88.74 0.001

FBG (mmol/L) 5.35 ± 1.58 4.91 ± 1.24 0.001

TC (mmol/L) 5.33 ± 1.03 5.31 ± 1.11 0.619

TG (mmol/L) 2.21 ± 1.73 1.77 ± 1.63 0.001

HDL-C (mmol/L) 1.18 ± 0.26 1.33 ± 0.33 0.001

LDL-C (mmol/L) 3.18 ± 0.84 3.16 ± 0.86 0.407

Medical history      

hypertension(%) 142(15.9) 361(8.0) 0.001

Diabetes mellitus (%) 47(5.3) 92(2.0) 0.001

LA: left atrium; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure;
SUA: serum uric acid; FBG: fasting blood glucose; TC: Total cholesterol; TG: triglyceride; HDL-C: high-
density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol.
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Association between SUA levels and LA diameter
The mean LA diameter of the study population was 36.6 ± 4.3 mm. The LA dimension continuously
enlarged with increasing SUA levels. The LA diameter was signi�cantly correlated with SUA levels (r = 
0.31, P < 0.001), linear regression equation: LA diameter = 31.547 + 0.015 SUA. The linear correlation
between LA diameter and SUA levels remained signi�cant in stepwise regression models adjusted for
multiple variables(Age, BMI, systolic blood pressure, diastolic blood pressure, TC, TG, LDL-C, HDL-C, FBG,
and white blood cell count)( P < 0.001) (Table 2). The regression equation showed that LA diameter was
positively correlated with age, BMI, SUA, and systolic blood pressure, and negatively correlated with LDL-C
and HDL-C.

Table 2
Stepwise regression models on the relationship between LA diameter and multiple variables

  Unstandardized
Coe�cients

Standardized
Coe�cients

P

B 95%CI for B Std. Error Beta

(Constant) 14.517 13.502, 15.531 0.518   < 0.001

BMI 0.638 0.608, 0.669 0.016 0.483 < 0.001

AGE 0.086 0.077, 0.094 0.004 0.227 < 0.001

SUA 0.005 0.004, 0.006 0.001 0.104 < 0.001

SBP 0.020 0.015, 0.025 0.003 0.087 < 0.001

HDL-C -0.820 -1.114, -0.525 0.150 -0.061 < 0.001

LDL-C -0.140 -0.242, -0.038 0.052 -0.028 0.007

Dependent Variable: LA diameter. LA: left atrial; B: regression coe�cient; 95%CI: 95% con�dence
interval; BMI: body mass index; SUA: serum uric acid; SBP: systolic blood pressure; HDL-C: high-
density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol.

HU and the risk of LA enlargement
There were 1094(20.3%) individuals were diagnosed as HU. Men had a higher prevalence of HU than
women (27.6% vs. 8.5%, P < 0.001) (Fig. 1). The incidence of LA enlargement was signi�cantly greater in
subjects with HU than in those with a normal SUA level [25.7% vs. 14.2%, P < 0.001; OR = 2.09, 95%CI =
(1.78, 2.45)]. HU increased the risk of LA enlargement by 2.09 times. Especially in women, the risk of LA
enlargement by 3.504 times due to HU [21.8% vs. 7.4%, P < 0.001; OR = 3.50, 95%CI = (2.35, 5.22)],
suggesting that high SUA level was a susceptible factor for LA enlargement in women(Table 3).
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Table 3
The relationship between HU and LA size in different sex groups

sex Group LA enlargement
n(%)

Normal LA
n(%)

P-value OR 95%CI

Total Hyperuricemia 281(25.7) 813(74.3) < 
0.001*

2.09 1.78,2.45

Normal SUA 610(14.2) 3688(85.8)

Male gender Hyperuricemia 243(26.4) 677(73.6) < 
0.001*

1.48 1.24,1.77

Normal SUA 471(19.5) 1945(80.5)

Female
gender

Hyperuricemia 38(21.8) 136(78.2) < 
0.001*

3.50 2.35,5.22

Normal SUA 139(7.4) 1743(92.6)

HU: hyperuricemia; LA: left atrial; OR: odds ratio; 95%CI: 95% con�dence interval; SUA: serum uric acid.
*: In different sex groups, the hyperuricemia group vs. normal SUA group.

Association of HU, blood pressure strati�cation and LA size
To avoid the possible in�uence of blood pressure on analysis, we strati�ed blood pressure in the HU
group and normal SUA group [15, 16] (Table 4). The results showed that there were signi�cant differences
in the in�uence of SUA levels and blood pressure strati�cation on the size of LA (P < 0.001). In each
group, the higher the blood pressure level, the greater the risk of LA enlargement. The risk of LA
enlargement in HU group with hypertension (BP ≥ 140/90 mmHg) was 7.90 times higher than in normal
SUA group with ideal blood pressure(BP < 120/80 mmHg) [33.1% vs. 5.9%; P < 0.001; OR = 7.90, 95%CI =
(5.87, 10.63)] (Fig. 2).
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Table 4
Hu and risk of LA enlargement in different blood pressure strati�cation

BP
strati�cation(mmHg)

Group LA
enlargement
n (%)

Normal LA
n(%)

P-
value

OR 95%CI

< 120/80 Hyperuricemia 55(19.2) 232(80.8) < 
0.001*

3.79 2.65,5.42

Normal SUA 100(5.9) 1599(94.1)

120–139/80–89 Hyperuricemia 105(23.8) 336(76.2) < 
0.001*

1.69 1.30,2.18

Normal SUA 244(15.6) 1317(84.4)

≥ 140/90 Hyperuricemia 121(33.1) 245(66.9) 0.006* 1.43 1.11,1.86

Normal SUA 266(25.6) 772(74.4)

HU: hyperuricemia; LA: left atrial; BP: blood pressure;OR: odds ratio; 95%CI: 95% con�dence interval.
SUA: serum uric acid. *: In different blood pressure strati�cation, the hyperuricemia group vs. normal
SUA group. The strati�ed analysis results: χ2 = 293.614, P < 0.001, public OR = 1.82, 95% CI = (1.54,
2.14)

Regardless of blood pressure level, the risk of LA enlargement in HU group was higher than in normal SUA
group (P < 0.01) (Table 4, Fig. 2). Especially in ideal blood pressure level, the risk of LA enlargement in HU
group was 3.79 times that of normal SUA group [19.2% vs. 5.9%; P < 0.001; OR = 3.79, 95%CI = (2.65,
5.42)]. The risk of LA enlargement was similar between the HU group with ideal blood pressure and the
normal SUA group with high normal blood pressure(19.2% vs. 15.6%, P = 0.135); the risk of LA
enlargement was similar between the HU group with high normal blood pressure and the normal SUA
group with hypertension(23.8% vs. 25.6%, P = 0.461).

The strati�ed analysis suggested that SUA levels and blood pressure had a superposition effect on LA
size. The effect of HU on LA size was similar to that of blood pressure on LA size. After adjustment for
blood pressure, HU was an independent risk factor of LA enlargement [public OR = 1.816, 95% CI = (1.54,
2.14), P < 0.001].

Discussion
In this study, we investigated the association between SUA and LA size in a total of 5392 healthy subjects
in a single-center database. We determined that SUA was positively correlated with LA size after the
adjustment for other important factors. SUA levels and blood pressure had a superposition effect on LA
size. The effect of HU on LA size was similar to that of blood pressure on LA size. After adjustment for
blood pressure, HU was an independent risk factor of LA enlargement.

Uric acid (UA) is the �nal product of purine metabolism. The main enzyme involved in the pathway is
xanthine oxidoreductase, which exists in two interconvertible isoforms: xanthine dehydrogenase and
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xanthine oxidase. Only xanthine oxidase creates reactive oxygen species. This latter isoform is more
active in ischemic conditions, after extensive surgery or physiologic stress, and is mainly expressed by
the liver, intestine, and vascular wall. UA is primarily excreted by the kidney (85%) as a poorly soluble
substance in urine and by the small bowel[17]. UA acts as an antioxidant and represents more than 60%
of the antioxidant capacity of plasma. It scavenges oxidant radicals, reacts with peroxynitrite, and
stabilizes endothelial nitric oxide synthase activity[18]. Importantly, extremely low UA levels are
associated with endothelial dysfunction[19], and there is a J-shaped relationship between cardiovascular
events and UA levels in primary hypertensive men and women[20].

UA is considered an independent factor for the development of a wide variety of microvascular and
macrovascular disorders: hypertension[21], metabolic syndrome[22, 23], coronary artery disease(CAD)
[24], diabetes[25], cerebrovascular disease [26, 27] and chronic kidney disease(CKD) [28] as well as other
cardiovascular diseases(CVDs) [29, 30] and, conversely, these comorbidities increase the incidence of
HU[31]. Some studies reported a relation between SUA level and CVD not only in patients with clearly
diagnosed HU but also with values considered as normal to high, i.e., > 5.2–5.5 mg/dL[32–34]. Notably,
since a high SUA concentration is associated with in�ammatory markers, i.e., C-reactive protein or
neutrophil count, in�ammation seems to be a major link between HU and CVD and kidney diseases[31].
The increased risk of death was reported among patients with a high SUA level and heart failure(HF)[35].
A large retrospective analysis of patients with symptomatic HF revealed that HU was signi�cantly
associated with increased HF events or death[36]. Animal experiments have con�rmed that the
expression level and activity of xanthine oxidase in chronic heart failure(CHF) model animals are
signi�cantly increased[37]. Clinical trials have also found that HU increases the risk of atrial remodeling
and CHF[38]. Although SUA has been regarded as an emerging risk factor of cardiovascular diseases[39],
the association between SUA and LA size has not been clearly investigated in previous reports. In the
study performed by Letsas et al., which enrolled a total of 86 AF and 48 non-AF patients, SUA level was
signi�cantly correlated with LA diameter (P < 0.001)[6]. However, the sample of the previous study was
not from healthy population, the size was very small, and the correlation was not adjusted for other
clinical factors which may confound the result. In another study, Tze-Fan Chao et al.[40] demonstrated
the signi�cant relationship between SUA and LA dimension in a large cohort(n = 3043). HU is associated
with larger LA diameter. However, they de�ned patients as having HU only when they suffered at least one
episode of a gout attack which necessitated long-term treatment of UA-lowering agents. Consistent with
the above results, in the present study, we demonstrated the signi�cant positive correlation between SUA
and LA dimension in a larger cohort. Besides, the linear correlation between LA diameter and SUA levels
remained signi�cant in stepwise regression models adjusted for multiple variables (Age, BMI, systolic
blood pressure, diastolic blood pressure, TC, TG, LDL-C, HDL-C, FBG, and white blood cell count). Different
from Tze-Fan Chao’s de�nition of HU,the de�nition of HU in our study is that in a regular purine diet,
fasting SUA levels in males are higher than 420 µmol/L, in females are higher than 360 µmol/L or take
xanthine oxidase inhibitors). We believe that the �ndings of the present study provided a reliable evidence
to support the viewpoint that the SUA level was positively correlated with LA diameter, which may re�ect
the degree of structural remodeling of LA.
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The de�nition of HU varies widely in different studies, which makes the epidemiological reports
somewhat inconsistent[13]. The prevalence of HU depends on sex, age and ethnicity, reaching a plateau
at the age of 70[13]. In this study, 20.3% of individuals were diagnosed as HU (27.6% for men and 8.5%
for women) in South China. The prevalence of men is about 3.25 times higher than that of women. While
in the Taiwanese aboriginals, a very high prevalence (41%) has been found[41]. The United States
National Health and Nutrition Examination Survey (NHANES) study estimated the HU prevalence to be
21.4% (21.2% for men and 21.6% for women)[42]. Reports are also available of ethnic difference such as,
in the USA, a higher prevalence among African Americans than among non-African
Americans(25.7%,22.1%, respectively)[31]. Over the ten years, epidemiological data consistently show an
increase in the prevalence of both HU and gout. This might be caused by rapid economic development
and a change of dietary habits and lifestyle and among patients with a higher socioeconomic status[43,
44]. Interestingly, SUA levels are higher in subsets of subjects at high cardiovascular(CV) risk, including
postmenopausal women, non-white patients with hypertension or CKD.

Since the SUA was correlated with LA size which was a well-known determinant of AF development, and
several studies have reported an association between HU and AF[5, 6, 8, 9], including the Atherosclerosis
Risk In Communities (ARIC) study, it is reasonable to suppose that HU may be a risk factor of LA
enlargement, may lead to AF through LA remodeling. Our study showed that the incidence of LA
enlargement was signi�cantly greater in subjects with HU than in those with a normal SUA level. HU
increases the risk of LA enlargement by 2.09 times. Especially in women, the risk of LA enlargement by
3.50 times due to HU, suggesting that high SUA in women is a susceptible factor for LA enlargement. The
ARIC study and Suzuki et al. demonstrated that HU was associated with AF only in females[5, 9]. We
observe a signi�cant gender difference regarding the HU-related LA enlargement risk, may explain the
gender differences in the HU-related AF risk. However, further studies are needed.

Recent preclinical and clinical studies consistently support the hypothesis that increased levels of SUA
may lead to hypertension[13]. HU is likewise independent risk factor of hypertension[17]. To avoid the
possible in�uence of blood pressure on analysis, we strati�ed blood pressure in the HU group and normal
SUA group. The strati�ed analysis suggested that SUA levels and blood pressure had a superposition
effect on LA size. The risk of LA enlargement in the HU group with hypertension was 7.90 times higher
than in normal SUA group with ideal blood pressure. The risk of LA enlargement was similar between the
HU group with high normal blood pressure and the normal SUA group with hypertension. The higher
blood pressure and SUA, the greater the risk of LA enlargement. The effect of HU on LA size was similar
to that of blood pressure on LA size. After adjustment for blood pressure, HU was an independent risk
factor of LA enlargement. The association between an increase in the risk of LA enlargement and HU
remains independent of hypertension. Therefore, in children, adolescents and young adults with a family
history of prehypertension (120–139/80–89 mmHg) or hypertension (≥ 140/90 mmHg), especially if
other comorbidities(obesity, diabetes) are present, we recommend monitoring and maintaining SUA levels
below the upper limit of normal (330, 360, and 420 µmol/l for children, women and men, respectively).
Speci�c diets and uricosuric anti-hypertensive drugs (losartan) can be used as �rst choice therapy in
these patients; diuretics should be avoided. Large-scale interventional studies are needed to determine
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whether a reduction in SUA levels and blood pressure can prevent LA enlargement and AF, especially in
young patients with prehypertension.

The current study has some limitations. First, because of the cross-sectional study, we only studied the
correlation between SUA levels and LA, the mechanism of SUA levels linking LA enlargement was not well
explored. Second, the study population was mainly selected from Wenzhou, a city in southern China.
Therefore, selection bias may limit the present conclusion to apply to the entire population of China.
Finally, further prospective clinical trials are warranted to validate the predictive value of hyperuricemia
for LA enlargement in different populations, and for making decisions on HU treatment.

Conclusions
In conclusion, in this study, SUA was positively correlated with LA size. HU is an independent risk factor of
LA enlargement in Chinse south population. The effect of SUA on LA diameter is independent of that of
blood pressure on LA diameter. SUA and blood pressure play a synergistic role in predicting the increase
of LA diameter. Overall, these results highlight the value of HU in the evaluation of LA enlargement in
Chinse south population.
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Figures

Figure 1

Prevalence of HU in Chinese south population. Male gender vs. Female gender, P < 0.001. HU:
hyperuricemia; SUA: serum uric acid.



Page 16/16

Figure 2

Comparison of the effect of different levels of SUA and blood pressure(mmHg) on the risk of LA
enlargement. They were divided into 6 groups: A, B, C, D, E and F. Group A as baseline, group B, C, D, E, F
were compared with group A, respectively, P<0.001. LA: left atrial; SUA: serum uric acid.


