

[image: Positive correlation between fatty liver index and hyperuricemia in hypertensive Chinese adults: a H-type hypertension registry study]
Positive correlation between fatty liver index and hyperuricemia in hypertensive Chinese adults: a H-type hypertension registry study





ORIGINAL RESEARCH

published: 02 June 2023

doi: 10.3389/fendo.2023.1183666

[image: image2]


Positive correlation between fatty liver index and hyperuricemia in hypertensive Chinese adults: a H-type hypertension registry study


Chao Yu 1,2,3, Xinlei Zhou 2,3, Tao Wang 1,2,3, Lingjuan Zhu 1,2,3*, Wei Zhou 1,2,3*, Huihui Bao 1,2,3 and Xiaoshu Cheng 1,2,3


1 Center for Prevention and Treatment of Cardiovascular Diseases, the Second Affiliated Hospital of Nanchang University, Nanchang, Jiangxi, China, 2 Department of Cardiovascular Medicine, the Second Affiliated Hospital of Nanchang University, Nanchang, Jiangxi, China, 3 Jiangxi Provincial Cardiovascular Disease Clinical Medical Research Center, Nanchang, Jiangxi, China




Edited by: 

Elena Succurro, University of Magna Graecia, Italy

Reviewed by: 

Asim Kumar Mandal, Harvard Medical School, United States

Amani Alrasheedi, King Abdulaziz University, Saudi Arabia

*Correspondence: 
Wei Zhou
 z-w677@163.com 

Lingjuan Zhu
 757356957@qq.com


Received: 10 March 2023

Accepted: 08 May 2023

Published: 02 June 2023

Citation:
Yu C, Zhou X, Wang T, Zhu L, Zhou W, Bao H and Cheng X (2023) Positive correlation between fatty liver index and hyperuricemia in hypertensive Chinese adults: a H-type hypertension registry study. Front. Endocrinol. 14:1183666. doi: 10.3389/fendo.2023.1183666






Background

Few studies have examined the relationship between fatty liver index (FLI) and hyperuricemia (HUA). This study explores the relationship between FLI and HUA in hypertensive patients.





Methods

A total of 13,716 hypertensive subjects were included in the current study. FLI, a simple index calculated from triglycerides (TG), waist circumference (WC), body mass index (BMI), and γ -glutamyltransferase (GGT), was used as a useful predictor of nonalcoholic fatty liver disease (NAFLD) distribution. HUA was defined as serum uric acid ≥ 360 μmol/L for females and ≥ 420 μmol/L for males.





Results

The mean value of total FLI was 31.8 ± 25.1. Multiple logistic analyses revealed a significant positive correlation between FLI and HUA (OR, 1.78; 95% CI: 1.69–1.87). A subgroup analysis demonstrated that the correlation between FLI (< 30 vs. ≥ 30) and HUA was significant in both sexes (P for interaction = 0.006). Further analyses stratified by sex indicated a positive correlation between FLI and HUA prevalence among male and female subjects. However, the correlation between FLI and HUA was stronger in female subjects than in males (male: OR, 1.70; 95% CI: 1.58–1.83; female: 1.85; 95% CI: 1.73–1.98).





Conclusion

This study demonstrates a positive correlation between FLI and HUA in hypertensive adults, but stronger in females than males.
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Highlight

	Fatty liver index (FLI) has a positive correlation with hyperuricemia (HUA) in hypertensive adults, but stronger in females than males.







Introduction

Hyperuricemia (HUA) is a metabolic disease caused by abnormal purine metabolism resulting in overproduction of uric acid (primarily in liver) and its decreased renal and intestinal excretion (1). HUA is the main risk factor for gout, a very painful long-term systemic inflammatory arthritis caused by the deposition of monosodium urate (MSU) crystal (2, 3). A systematic review and meta-analysis revealed a pooled HUA prevalence of 13.3% between 2000 and 2014 in mainland China, with a higher prevalence among males than females (4). Moreover, numerous studies have discovered that HUA prevalence is typically higher in high-income countries than in economically developing countries (4–8). Additionally, gout and HUA prevalence has increased with age, posing a huge burden for aging countries (9). Gout and HUA can cause $116 million in socio-economic losses yearly in the United States (10). Previous studies have stated association of HUA with hypertension (11, 12), adverse cardiovascular outcomes (13), stroke (14), metabolic syndrome (15), and chronic kidney disease (16). Particularly, HUA has been correlated with the severity of hypertension (14). Therefore, the study of HUA in hypertensive populations can help to optimize the risk stratification of HUA and provide important clinical guidance for the future personalized care of hypertensive individuals. Recent studies suggest that non-alcoholic fatty liver disease (NAFLD) may be an independent risk factor for HUA and is associated with its occurrence and development (17). Additionally, HUA occurrence and development may vary according to gender (18, 19).

Fat accumulation in the liver due to metabolic disorders causes NAFLD (20). It has also been linked to hypertension, insulin resistance, and metabolic syndrome (19). Previous studies have reported that NAFLD patients have significantly higher Serum urate levels than normal subjects. NAFLD presence also significantly increases HUA risk (17, 21) due to the increased xanthine oxidase (XO) expression or activity in NAFLD patients, which catalyzes uric acid production (17). Additionally, there is a sex difference in NAFLD (22), with females having a worse prognosis for HUA than males (19). Thus, sex may serve as a mediator in the association between NAFLD and HUA (21, 23, 24).

Abdominal ultrasonography and liver biopsies are the gold standard for diagnosing NAFLD, but they are an invasive procedure with elevated risks and economic costs that preclude large-scale epidemiological studies. Therefore, Bedogni et al. (25) developed a compound index that includes triglycerides (TG), waist circumference (WC), body mass index (BMI), and γ-glutamyltransferase (GGT) to evaluate NAFLD, namely fatty liver index (FLI). FLI has an overall accuracy of 84% in detecting NAFLD (26); thus, FLI can be used as an alternative predictor of NAFLD. Moreover, FLI has outstanding application value in large-scale epidemiological studies. FLI has been used in numerous scientific investigations with large sample sizes (27–29). A significant association has been reported between FLI and the risk of HUA (30). However, the study included only 1,284 subjects, the sample was small, and several limitations like the study is cross-sectional in nature with possible Neyman bias, type II error, and urate-lowering therapy dietary habits not adjusted etc.

This study aims to address the above knowledge gap and explore the correlation between FLI and HUA in hypertensive patients using China H-type Hypertension Registry Study data. This study also examines sex difference in this association and further explores potential modifiers between them.





Methods




Study population

The data from the China H-type Hypertension Registry Study (registration number: ChiCTR1800017274) were analyzed in this study. It was an ongoing observational study of the real world in Wuyuan, China, from March 2018 to August 2018. The study design and methods have been described in detail previously (31, 32). Hypertension patients over 18 years old were included. Participants who could not sign informed consent due to psychological or nervous system injury and could not have long-term follow-up according to the study protocol were excluded. The study was approved by the ethics committee of the Institute of Biomedicine, Anhui Medical University (NO. CH1059), and the Second Affiliated Hospital of Nanchang University (NO. 2018019). Additionally, an informed consent form was signed by each participant.

A total of 14,234 hypertensive subjects met the inclusion and exclusion criteria. Participants who lost FLI data (n = 12), Serum urate data (n = 0), or using lipid-lowering medications (n = 506) were excluded from our analysis. The analysis involved 13,716 participants. The exclusion process details are described in Figure S1.





Data collection

The study population’s demographic and behavioral characteristics were collected through a health interview conducted by trained medical staff using a validated questionnaire. This demographic and behavioral data included age, sex, education level (Illiteracy, primary, and at least secondary), physical activity (mild, moderate, and vigorous), smoking and drinking status, diabetes history, stroke history, and medication information (antihypertensive drugs, lipoprotein-lowering drugs, and glucose-lowering drugs). Current smoking was defined as smoking ≥ 1 cigarette per day for one year or more or a cumulative smoking amount of ≥ 360 cigarettes per year.

Anthropometric data, body height, WC, measured to the nearest 5 mm directly touching the participant’s skin using cloth tape. Blood pressure (BP) was assessed by trained medical staff to limit interobserver variability in measurement. After 5 min of rest as seated BP was measured using an electronic sphygmomanometer (Omron; Dalian, China), following the standard method and appropriately sized cuffs. Three measurements were performed on the right arm, with 1 min intervals between them, and the mean value was calculated. BMI was defined as body weight/hei2 (kg/m2).

Fasting blood samples were obtained from all of the patients. All the biochemical measurements were conducted at the Biaojia Biotechnology, Shenzhen, Guangdong Province, China using automatic clinical analyzers (Beckman Coulter, USA). Biochemical data, including fasting plasma glucose (FPG), homocysteine (Hcy), TG, total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), aspartate aminotransferase, alanine aminotransferase, and GGT, were obtained from the fasting blood samples. The estimated glomerular filtration rate (eGFR) was calculated using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation (33).





Definition of the FLI and HUA

FLI was calculated using Bedogni et al. (25) method with following formula: FLI = (e0.953×ln(TG)+0.139×BMI+0.718×ln (GGT) + 0.053 ×WC−15.745)/(1+ e0.953×ln(TG)+0.139×BMI+0.718×ln (GGT) + 0.053 ×WC−15.745)×100. In the above formula, the unit of BMI, WC, TG, and GGT were kg/m2, cm, mmol/L, and U/L, respectively. FLI scores ranged from 0 to 100. Since FLI ≥ 30 was suggested as a cutoff level to rule in hepatic steatosis (25). According to clinical significance, FLI was divided into two groups (< 30, ≥ 30). HUA was defined as serum uric acid ≥ 360 μmol/L for females and ≥ 420 μmol/L for males (34).





Other definition

Diabetes mellitus was defined as self-reported physician diagnosis, FBG concentration ≥ 7.0 mmol/L, or use of glucose-lowering drugs. The medical history of the stroke was a self-reported stroke that was primarily collected via a questionnaire.





Statistical analysis

Participants’ baseline characteristics were presented as mean ± standard deviation (SD) for continuous variables and as a percentage (%) for categorical variables using an FLI clinical cutoff. Accordingly, differences in population characteristics by the clinical cutoff of FLI were compared using mono factorial variance test, or χ2 tests.

FLI was divided into two groups: normal group FLI < 30 and hepatic steatosis group FLI ≥ 30, for analysis based on its clinical cutoff. The FLI was assessed by two groups and continuous variables. Multivariate logistic regression models were used to evaluate the association between the FLI and HUA in hypertensive participants of both sexes. Covariates were included as potential confounders in the final multivariate logistic regression models if they changed the estimates of FLI on HUA by more than 10% (35) or were known as traditional risk factors for HUA. Four multivariate regression models were considered: Model 1: age and sex (only for the overall population); Model 2: age, sex, BMI, WC, education, living standard, physical activity, current smoking, current drinking, Hcy, creatinine, and eGFR; Model 3: age, sex (only for overall population), BMI, WC, education, living standard, physical activity, current smoking, current drinking, Hcy, creatinine, eGFR, diabetes mellitus, antihypertensive drugs, and glucose-lowering drugs. A generalized additive model and a fitted smoothing curve (penalized spline method) were utilized to assess the dose-response association between FLI and HUA prevalence. Stratification analyses were performed based on age (< 65 vs. ≥ 65y), living standard (preferably, commonly, and poor), current smoking (no vs. yes), current drinking (no vs. yes), eGFR (< 60 vs. ≥ 60 mL/min/1.73 m2), diabetes mellitus (no vs. yes), LDL-C (<1.8 vs. ≥1.8 mmol/L), HDL-C (<1.0 vs. ≥1.0 mmol/L), and Hcy (<15 vs. ≥15 μmol/L) to test whether these factors could modify the association between FLI and HUA prevalence in different sex. These were tested by adding a cross-product term between covariates and FLI to the model.

Statistical analyses were conducted using the statistical packages R, version 4.2.3, (R Foundation for Statistical Computing;  http://www.r-project.org). A two-sided P-value < 0.05 was considered statistically significant in all analyses.






Results




Study participants and baseline characteristics

This study enrolled 13,716 hypertensive subjects (mean age 63.8 ± 9.4 years old, 47.2% male subjects). The average FLI was 31.8 ± 25.1, with HUA accounting for 44.5%. Table 1 presents the baseline characteristics of the participants according to FLI (< 30 vs. ≥ 30) in both sexes. In males, higher FLI was associated with higher BMI, WC, GGT, TC, TG, LDL-C, and UA but lower levels of Hcy and HDL-C. They were also more likely to be people with elevated living standards, current drinkers, HUA, diabetes, using glucose-lowering drugs, and younger adults. The baseline characteristics of the female subjects were identical to those of the males. Hcy levels, living standards, and alcohol consumption did not differ significantly between the two groups (P > 0.05). Patients with a higher FLI were more likely to use antihypertensive drugs. Table S1 displays the participants’ baseline characteristics based on FLI classification (< 30, ≥ 30).


Table 1 | Baseline characteristics of different sex participants according to FLI.







Association of FLI with HUA

Table 2 depicts logistic regression model results for the correlation between FLI and HUA. FLI and HUA had a significant positive correlation (Figure 1). Per each SD unit increase in FLI, the prevalence of HUA increased by 78% (OR, 1.78; 95% CI: 1.69–1.87). HUA prevalence (FLI < 30) was significantly higher in the steatosis group than in the normal group (FLI ≥ 30) after adjusting numerous confounding factors (OR, 2.53; 95% CI: 2.30–2.77). Additionally, we split the FLI into four quartiles for sensitivity analysis to further validate the results of this study. Finally, HUA prevalence gradually and significantly increased across all quartiles of FLI. We observed sex differences in the relationship between FLI (< 30 vs. ≥ 30) and HUA (P for interaction = 0.006); thus, we performed a sex stratification analysis. Both males and females exhibited a positive correlation between FLI and HUA prevalence. The correlation between FLI and HUA was stronger in females than in males (male: OR, 1.70; 95% CI: 1.58–1.83; female: 1.85; 95% CI: 1.73–1.98). The generalized additive model and fitted smoothing curve (penalized spline method) are consistent with multivariate logistic regression models for the different gender (Figure 2).


Table 2 | Relative odds between FLI and HUA in different models among hypertensive patients in different sex.






Figure 1 | Dose-response association between FLI and HUA prevalence in hypertensive Chinese patients. A linear correlation between FLI and HUA prevalence was found (P < 0.05). The solid and dashed lines represent the estimated values and corresponding 95% confidence interval, respectively. Adjustment factors included age, sex, BMI, WC, Education, Living standard, Physical activity, current smoking, current drinking, Hcy, creatinine, eGFR, diabetes mellitus, antihypertensive drugs, and glucose-lowering drugs.






Figure 2 | Correlation between FLI and HUA prevalence by sex in hypertensive Chinese patients. A linear correlation between FLI and HUA prevalence by sex was discovered (P < 0.05). The solid and dashed lines represent the estimated values in males and females, respectively. The adjustment factors included age, BMI, WC, Education, Living standard, Physical activity, current smoking, current drinking, Hcy, creatinine, eGFR, diabetes mellitus, antihypertensive drugs, and glucose-lowering drugs.







Stratified analyses by additional factors

A stratified analysis was conducted to examine further the relationship between FLI (< 30 vs. ≥ 30) and HUA among different subgroups (Figure 3). The results revealed that age (< 65 vs. ≥ 65 y), diabetes (no vs. yes), and other stratified variables did not significantly modify the relationship between FLI and HUA in different genders, except smoking in males (P-values for all interactions > 0.05).




Figure 3 | Stratified Analyses by Potential Modifiers of the Correlation between FLI and HUA prevalence by sex (A) males and (B) females. Each subgroup analysis adjusted for age, BMI, WC, education, living standard, physical activity, current smoking, alcohol intake, Hcy, creatinine, eGFR, diabetes mellitus, antihypertensive drugs, and glucose-lowering drugs.








Discussion

This study discovered a strong positive correlation between FLI and HUA prevalence in hypertensive individuals, even after adjusting for various confounding factors. An additional evaluation of gender differences in the correlation between FLI and HUA prevalence revealed that the correlation was stronger in female subjects. This is the first known study of the strong positive correlation between FLI and HUA prevalence and the presence of sex differences in hypertensive individuals.

Previous studies have shown a synergistic effect between NAFLD and HUA (17, 36, 37). However, few reports have been published on the relationship between FLI and HUA. When Huang et al. (30) explored the relationship between visceral fat and HUA in the general population, they found that the risk of HUA increased significantly with FLI. In cellular and mouse models of NAFLD, increased expression of xanthine oxidase (XO), a rate-limiting enzyme that catalyzes uric acid production, could very well explain the underlying mechanisms of how NAFLD causes hyperuricemia (16). However, the sample size in Huang et al.’s (30) study is small (involving 1284 participants compared to 13,716 participants in the present study), leading to low statistical precision, less reliable, and less acceptable. Additionally, the study did not perform a sensitivity analysis, which would have cast doubt on the suitability of the results, or a subgroup analysis to explore potentially special subgroup of populations. This study compensates for these deficiencies.

This study is the first to report a sex difference in the correlation between FLI and HUA, suggesting that females may have a stronger correlation between FLI and HUA in hypertensive patients than males. The findings have been unreported in previous studies. The exact mechanism is unknown; possibly, hormonal differences underlie the underlying biochemical mechanisms. However, this may also be due to a study that included several postmenopausal females (18, 38, 39), who have significantly increased uric acid levels and NAFLD prevalence (40).

Previous studies have discovered that HUA can contribute to hypertension occurrence and development. The mechanism may involve decreasing vascular endothelial NO levels, oxidative stress, and activating the renin-angiotensin system (41, 42). Additionally, hypertension is a common and significantly elevated risk factor for HUA (43–45). The association between hyperuricemia and hypertension has been a subject of intense controversy (11, 43–48). Large-scale clinical trials are needed to determine if serum urate reduction can benefit hypertension and cardiometabolic disease. Simultaneously, hypertension and HUA are risk factors for multiple cardiovascular diseases (11, 49). The annual death toll from cardiovascular disease is as high as 18 million (50), Thus, early identification of high-risk groups of hypertensive patients with HUA is critical for the primary prevention of cardiovascular disease. According to this study, HUA prevalence in hypertension patients increased significantly with FLI. Therefore, FLI could be used as a useful predictor of NAFLD and to help optimize risk stratification management of HUA in hypertensive patients.

This study has the following advantages. According to our knowledge, this is the largest study to date to assess the correlation between FLI and HUA. Numerous confounding factors were adjusted, and group sensitivity analyses were performed to enhance the authenticity and reliability of this study (30, 51). Additionally, this study identified gender differences in the correlation between FLI and HUA. Several limitations of this study are also there. First, this cross-sectional study does not infer a causal relationship between FLI and HUA and needs further validation by large-scale prospective studies. Second, the study was conducted on Chinese hypertensive people, and the generalization to other populations remains to be verified. Third, this study lacks data on uric acid-lowering drugs (52–54). Fourth, heavy drinkers were included in the screening due to the lack of information on alcohol consumption in the questionnaire used for this study. This study aims to explore the relationship between NAFLD and HUA and assess the potential value of this index in the risk stratification of HUA in hypertensive individuals. Drinking status was adjusted as a confounding factor in the data analysis.





Conclusions

This study demonstrated a significant positive correlation between FLI and HUA prevalence in hypertensive Chinese adults. Importantly, this positive correlation appears to be stronger in females. If further confirmed in clinical practice, FLI could be an important predictor tool for identifying NAFLD and to predict the risk of developing HUA in hypertensive patients. In summary, routine monitoring of FLI in hypertensive patients is recommended because FLI helps identify people at high risk of HUA. Hypertension and HUA are also major risk factors for cardiovascular complications.
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