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Abstract

:

Hyperuricemia, a major worldwide burden on public hygiene, is closely connected with dietary habits. However, few studies have evaluated the association of dietary diversity with hyperuricemia. To preliminarily reveal the status of a diversified diet in preventing hyperuricemia based on a neighborhood-based, massive-scale cohort in China, a total of 43,493 participants aged 20–74 years old, with no history of hyperuricemia at baseline, were enrolled in the research from April 2016 to December 2019. The Dietary Diversity Score (DDS) was utilized to evaluate the dietary variety and split the participants into the low-, medium-, and high-DDS groups. Information on participants was connected to regional health information systems that acquired data on hyperuricemia instances up to 28 February 2023. Hazard ratios (HRs) and 95% confidence intervals (CIs) were computed by Cox proportional hazards models. Restricted cubic splines (RCS) were implemented to analyze dose–response correlation. A total of 1460 individuals with newly diagnosed hyperuricemia were observed over a median follow-up period of 5.59 years. Compared to the low-DDS group, HRs for the medium- and high-DDS groups were 0.87 (95% CI 0.76–0.99) and 0.80 (95% CI 0.70–0.91) in the fully adjusted model, respectively. The risk of hyperuricemia incidence was reduced by 5% for each 1 unit of DDS increase. A linear correlation of DDS with hyperuricemia emerged and further revealed that the intake of 8–10 broad categories of food could decrease the incidence of hyperuricemia. Our results validate the dietary principle of “food diversification” recommended in guidelines. Conclusions should be applied with caution considering the paucity of related evidence in additional nations.
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1. Introduction


Hyperuricemia, represented by the presence of increased uric acid levels, has been identified as a significant contributor to the risk for multifarious chronic diseases, including gout [1], type 2 diabetes mellitus [2], heart vessel disease [3], and renal disease [4]. Moreover, a rising amount of evidence has established a connection between hyperuricemia and all-cause mortality or even premature demise [5,6,7]. The prevalence rate of hyperuricemia remained high at almost 20% from 2007 to 2016 in the United States [8]. Similar rates of hyperuricemia were disclosed in Ireland and Australia [9,10]. A recent nationwide study in China disclosed a total hyperuricemia prevalence of 14.0% of Chinese adults (≥18 years old), which appears to be an alarming uptrend compared to the hyperuricemia prevalence of 8.4% ten years ago [11]. Hyperuricemia, as a significant public health concern in the world, has turned into the “fourth highest” burden after hypertension, diabetes, and hyperlipidemia, and the disease burden is also expected to increase [6,12].



A long-term increase in hyperuricemia is attributed to multiple factors, especially dietary habits. Studies have revealed that consumption of some dietary elements in high-purine diets such as red meat and seafoods corresponded to an elevated risk of hyperuricemia [12,13,14]. Similarly, a healthy habit like consuming more vegetables and fruits was also correlated with a decreased risk of hyperuricemia [15]. However, overemphasizing the restricted consumption of certain sustenance or nutrients could cause an imbalance in nutrients by substituting unwholesome carbon-refined carbohydrates for protein [16]. More recently, studies revealed that certain dietary protocols, consisting of the Mediterranean diets and dietary approaches to stop hypertension (DASH), may decrease concentrations of serum uric acid and prevent conditions of hyperuricemia [13,17]. A varied and balanced diet should be chosen to improve general health and prevent hyperuricemia rather than depending exclusively on a specific dietary pattern [13].



Dietary diversity is a crucial aspect of diet with exceptional quality generally encouraged and recommended within the framework of dietary advice and dietary guidelines in different nations around the world [18,19,20,21,22]. The Dietary Diversity Score (DDS) is considered as a commonly employed worldwide indicator [23] that assesses the entire diet to represent the food quality and nutritional adequacy [24,25]. Numerous studies confirmed the correlation of DDS with multiple types of health consequences, including chronic diseases (such as diabetes and heart disease), cognitive impairment and vulnerability, and all-cause mortality [26,27,28,29,30]. However, as far as we are aware, few studies have reported on the correlation between dietary diversity and hyperuricemia. To resolve this research disparity and preliminarily expose the preventive impact of a diversified diet on hyperuricemia, we implemented this analysis depending upon the Shanghai Suburban Adult Cohort and Biobank (SSACB) database.




2. Materials and Methods


2.1. Study Design and Population


Prospective and community-based cohort data from the SSACB were utilized. A detailed description of the SSACB can be found in a prior publication [31]. In simple terms, twelve communities in each of Shanghai’s four districts (Jiading, Minhang, Songjiang, and Xuhui) were initially selected pursuant to population density and financial condition. Afterwards, approximately one in three of the villages and committees were chosen at random within each district as research sites. Inhabitants who were in the age range from 20 to 74 years old and had resided in Shanghai for more than 5 years were recruited by clustered random sampling method as participants.



In total, 69,116 individuals participated in the baseline phase of this research between April 2016 and December 2019. All participants completed a structured questionnaire survey and underwent a standardized physical examination conducted by trained professional technicians and professional clinicians, respectively. Demographics (consisting of gender, age, marital situation, education attainment, and retirement status), medical histories, lifestyle information [consisting of smoking status, alcohol consumption, diet, tea intake, physical activity (PA), and sleep], and anthropometric measurements were collected. Each individual additionally had corresponding biochemical analyses performed on their fasting blood and urine samples, both of which were preserved in a −80 °C refrigerator for no longer than 6 h until they were delivered to the national diagnostic company [Dian Diagnostics Co., Ltd. (Hangzhou, China)] for further analysis. Each individual with a unique identification code was linked to the Electronic Medical Record System (EMR), the Chronic Disease Management System (CDM), the Cancer Registry System (CR), and the Cause-of-Death Surveillance System (CDSS), where the coding standard of the International Classification of Diseases tenth revision (ICD-10) is implemented for disease diagnosis [17,31].



After the elimination of 1403 participants with insufficient reported dietary information, 13,009 participants with self-reported gout, hyperuricemia, or chronic kidney disease, or physical examination data that found any of these diseases at baseline, 996 participants with self-reported cancer of any type, 8258 subjects with ridiculous overall energy intake (for males < 800 or >4200 kcal/day, for females < 600 or >3500 kcal/day) [32], and 1957 subjects with missing or abnormal height and weight, a total of 43,493 Shanghai-based individuals (15,727 male and 27,766 female) aged between 20 and 74 years were embraced within the scope of the present research (Figure 1). The research procedure was authorized by the Ethical Review Committee of the School of Public Health, Fudan University (IRB approval number 2016-04-0586). All subjects provided written informed approval prior to their participation.




2.2. Evaluation of Dietary Diversity


Considering Shanghai’s customary eating patterns, a semi-quantitative food frequency questionnaire (FFQ) consisting of 29 categories of foods was utilized to analyze the dietary consumption based on participants’ responses recalling the frequency and average consumption of food in the preceding 12 months [17]. Eight gradations of dietary frequency were delineated: “never”, “fewer than once per month”, “1–3 times per month”, “1–3 or 4–6 times per week”, and “once, twice, or more than thrice daily”.



DDS served as a metric for gauging the variety within the dietary intake of the participants, which was established in accordance with a previous study [33,34], the authoritative Dietary Guidelines for Chinese Residents (2022) [35], and the Food and Agriculture Organization of the United Nations Guidelines for Grain Classification [23]. All foods were classified into cereals, tubers, fruits, vegetables, fish, meat, soybeans and their products, milk and dairy products, eggs, mushrooms, nuts, salt, and oils. Considering that cereals, oils, and salt are consumed almost every day, the evaluation of DDS in this study was calculated on the consumption frequency of the remaining 10 kinds of foods [29,36]. One DDS unit was identified as “1–3 or 4–6 times per week” or “once, twice, or more than thrice daily” intake of any food group without taking into account a minimum consumption. The highest attainable DDS was 10 points, referring to the greatest degree of dietary diversity. Furthermore, for each participant, the DDS based on tertiles was divided into the low-, medium-, and high-DDS groups.




2.3. Follow-Up and Ascertainment of Hyperuricemia


Follow-up was conducted depending on the connectivity to health information systems such as the EMR and CDM that meticulously document the identities and dates of disease diagnoses. Hyperuricemia was recognized as elevated serum uric acid ≥ 420 μmol/L in males and ≥360 μmol/L in females [11,37] or when diagnosed by licensed physicians as hyperuricemia (E79) in the systems.




2.4. Assessment of Covariates


Sociological demographic characteristics, lifestyle information, and physiological status information served as covariates in our study. The adjusted sociological demographic characteristics covered age (years old), gender (male or female), education attainment (“primary school and below”, “junior high school”, or “senior high school and above”), marital situation [“unmarried”, “married”, “other circumstances (including divorce, widowhood, etc.)”], and retirement status (yes or no). The definition of retirement was based on whether or not the person had retired at the time of investigation. Lifestyle information comprised smoking status (yes or no), alcohol consumption (yes or no), tea intake (yes or no), dietary energy intake, PA (low, medium, or high level), and sleeping time (<5 h, 5–8 h, or ≥8 h). Smoking extent was established by the answer to the query “Have you ever consumed cigarettes at a minimum per day for at least six uninterrupted months?” Alcohol consumption extent was established by the answer to the query “Have you ever consumed alcohol no less than 3 times per week for at least six uninterrupted months?” Tea intake status was established by the answer to the query “Have you ever consumed tea no less than 3 times per week for at least six uninterrupted months?” Dietary energy intake was calculated based on the quantitative consumption of 29 categories of foods and the Chinese Food Composition Table [38]. PA was evaluated based on the short International Physical Activity Questionnaire (IPAQ) form and categorized into three classifications: “low level”, “medium level”, and “high level” [39].



Physiological status information covered body mass index (BMI, kg/m2) and history of chronic diseases. BMI was determined as the specific value of weight (kg) to the square of height (m2) and categorized into four classifications depending on the standards suggested by the China Working Group on Obesity: underweight (<18.5), normal (18.5–23.9), overweight (24–27.9), and obese (≥28.0) [40]. Diagnoses of coronary heart disease (CHD), chronic obstructive pulmonary disease (COPD), asthma, and chronic bronchitis were determined by self-reporting. The definition of hypertension was measurements of systolic blood pressure ≥140 mmHg, measurements of diastolic blood pressure ≥ 90 mmHg, or prior diagnosis of hypertension [41]. The definition of diabetes was glycosylated hemoglobin type A1C (HbA1C) ≥ 6.5% (≥48 mmol/mol), fasting blood glucose (FPG) ≥ 126 mg/dL (≥7.0 mmol/L), or prior diagnosis of diabetes [42]. Definition of prevalent hyperlipidemia was measurements of triglyceride ≥ 1.70 mmol/L, measurements of total cholesterol ≥ 5.20 mmol/L, measurements of low-density lipoprotein cholesterol ≥ 3.40 mmol/L, measurements of high-density lipoprotein cholesterol < 1.00 mmol/L, or prior diagnosis of hyperlipidemia by a physician [17].




2.5. Statistical Analyses


Follow-up person-years of subjects enrolled were computed from the day of recruitment until the first observation of hyperuricemia in linked systems, or truncated at the earliest instance of death from other medical conditions or the termination of the study period (28 February 2023). The epidemiological metrics pertaining to hyperuricemia were delineated through the computation of the incidence density and cumulative incidence rate. The incidence density trends of hyperuricemia events were calculated by the nonparametric trend test.



Continual variables were identified by mean (standard deviation) or median (interquartile range), whereas category variables were identified by frequency (percentage). The correlations of baseline characteristics between the three DDS category groups were accessed by utilizing the one-way analysis of variance or the χ2 test depending on the circumstance.



We used the Cox proportional hazards models to examine the potential correlations between DDS and hyperuricemia occurrence, and to evaluate the hazard ratio (HR) and 95% confidence intervals (CIs) of hyperuricemia. The proportionate hazard was assessed utilizing the Schoenfeld individual test. In this regression model, days were used as the time scale, and the low-DDS group was considered as the reference group. Initially, model 1 was adjusted for sociodemographic factors comprising age, gender, educational attainment, marital situation, and retirement status. Then, model 2 was additionally adjusted for smoking, alcohol consumption, tea intake, PA, sleep time, dietary energy intake, and BMI. Next, model 3 was additionally adjusted for the histories of chronic diseases, such as diabetes, hypertension, CHD, COPD, dyslipidemia, chronic bronchitis, and asthma. Finally, employing the fully adjusted model (model 3), we addressed the median values across each DDS group as continual variables to examine the linear tendency, and re-analyzed the association of dietary diversity with hyperuricemia by eliminating participants who were discovered as having hyperuricemia within the first year or the initial two years of follow-up and by eliminating participants under 40 years old to validate the robustness of outcomes.



Subgroup analyses were undertaken to examine the potential correlation of dietary diversification with hyperuricemia differing by gender, age, smoking status, alcohol consumption, BMI, hypertension, CHD, diabetes, and dyslipidemia. Each subgroup assessment was adjusted for the whole covariates of the fully adjusted model except the covariate being analyzed. We also investigated the dose–response association between continuous variable DDS and hyperuricemia using restricted cubic splines (RCS) with all covariates fully adjusted.



Principles set forth by Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines were followed in our research. All analyses were performed by the application of SPSS version 19.0 (SPSS Inc., Chicago, IL, USA) and R version 4.3.2 (R Development Core Team, Vienna, Austria). Two-sided statistical analyses were carried out, and a p-value lower than 0.05 implied a statistically significant disparity.





3. Results


3.1. Baseline Characteristics and Hyperuricemia Incidence


Table 1 portrays the characteristics at baseline of the 43,493 individuals participating in this study based on the three DDS group classifications. Overall, the study sample comprised 36.16% male participants, with the median age being 58 (50–65) years old. In contrast to participants in the low-DDS group, participants in the high-DDS group were more likely to be female and younger, have higher educational attainment and higher PA level, sleep for 5–8 h, and have a higher dietary energy intake. On the other hand, participants within the context of the high-DDS group were much less inclined to smoke or drink alcohol, and they also had a diminished prevalence rate of being overweight or obese or of having hypertension, diabetes, chronic bronchitis, or asthma.



A total of 1460 newly developed hyperuricemia cases were ascertained throughout a median follow-up period of 5.59 years, encompassing 225,567.75 person-years as a whole. The overall incidence density was calculated at 6.47/1000 person-years (95% CIs: 6.14–6.80/1000 person-years), and the cumulative incidence rate was 3.4% (95% CIs: 3.2–3.5%). Individuals in the high-DDS group had the lowest incidence density of hyperuricemia, whereas those in the low-DDS group had the highest incidence density, as shown in Figure 2.




3.2. Association of Dietary Diversity Score with Hyperuricemia


The findings presented in Table 2 imply an inverse correlation between higher-DDS groups and the risk of developing hyperuricemia. In the non-adjusted model, the hazard ratios (HRs) for the medium- and high-DDS groups compared to the low-DDS group were 0.85 (95% CI 0.74–0.97) and 0.76 (95% CI 0.68–0.86), respectively. Having a medium DDS reduced the risk of incident hyperuricemia compared to the low DDS in model 2 and model 3 [HRs and 95% CIs were 0.87 (0.76–0.99)]. All models demonstrated that a high DDS had a beneficial effect in reducing the risk of incident hyperuricemia by 18%, 21%, and 20% compared to a low DDS. After considering multiple potential confounding factors in model 3, the risk of hyperuricemia incidence was reduced by 5% for each 1 unit of DDS increase. Comparable results were discovered in models 1 and 2. Trend analyses were statistically significant in all the models (p for trend < 0.001 or p for trend = 0.001).



The results sustained the consistency when individuals who received diagnoses of hyperuricemia within the first year and the first two years or participants aged 40 and below were eliminated after the baseline survey. In any of the aforementioned sensitivity analyses, the inverse correlation of DDS with the risk of developing hyperuricemia did not change fundamentally, with details provided in Supplementary Table S1.




3.3. Subgroup Analyses


Figure 3 reveals the correlation among the DDS groups and hyperuricemia incidence in each subgroup with all covariates fully adjusted except for the covariate being analyzed. No significant interplay was discovered between DDS and smoking, diabetes, hypertension, and hyperlipidemia. However, a significant interplay was discovered between the DDS group and hyperuricemia in the subgroups of age, gender, alcohol consumption, BMI, and CHD. The correlation between the high-DDS group and hyperuricemia seemed to be stronger among the participants who were male, over 60 years old, reported no alcohol consumption, had a BMI ≥ 24 kg/m2, and had CHD at baseline compared with their counterparts.




3.4. Dose–Response Analysis of Dietary Diversity Score with Hyperuricemia


The RCS assessment revealed a linear correlation of DDS with hyperuricemia (p for linear tendency = 0.008, p for nonlinear tendency = 0.117; details are shown in Figure 4). The results remained consistent with the previous linear trend test. We further observed that an elevated DDS level was correlated with a decreased risk of hyperuricemia when DDS was above 7 points, which was consistent with the results achieved through Cox proportional hazards models.





4. Discussion


Our results illustrate an advantageous impact of higher dietary diversity on likelihood of hyperuricemia incidence among Chinese adults. In particular, there was a significant linear correlation between the consumption of more than seven food categories and the risk of hyperuricemia. As far as we are aware, this is the first attempt to offer convincing and substantial evidence for the correlation of dietary diversity with hyperuricemia in China. Our results further back the dietary concept of “food diversification” advised in the Dietary Guidelines for Chinese Residents (2022) [35].



The total incidence rate was 6.47/1000 person-years (95% CIs: 6.14–6.80/1000 person-years) in our study, which is consistent with our previous study [17]. Nevertheless, this result was far lower than the incidence rates, estimated to be 48.7–78/1000 person-years, obtained from additional cohort studies [43,44,45]. Causes of the differences were explained in our prior study and included participants being mostly women and challenges in recognizing individuals with asymptomatic hyperuricemia by application of regional systems for health information, etc. [17]. Furthermore, this study mainly focused on hyperuricemia without consideration of related diseases such as gout, which may cause a relative decreased incidence rate. This discrepancy suggests that hyperuricemia’s disease burden may be just a drop in the bucket. Although treatment is generally not warranted for asymptomatic hyperuricemia, it is important to emphasize that early recognition of asymptomatic hyperuricemia, however, provides an opportunity to modify or correct the underlying causes of hyperuricemia through diet and lifestyle given the differences in international guidelines, low diagnostic rates, and high levels of neglect [46].



In this study, we used DDS to indicate the dietary diversity. This indicator is mainly obtained by calculating the general number of food groups or the level of food intake, representing the total quality of diet and nutritional sufficiency compared with the assessment of specific foods or nutritive substance [47,48]. Although many indicators to capture dietary quality have been developed, including the Mediterranean diet [49], the DASH diet [50], and the dietary inflammatory index [51], these indicators tend to capture specific characteristics of diet rather than focusing on overall variation in diet [52]. Given the intricacy involved in measuring the abovementioned indices, the DDS appears to have more utility and be a more accessible approach that does not require quantitative measurements [27].



Our results emphasize the necessity of retaining a high DDS to decrease the risk of hyperuricemia. Limited empirical studies, as far as we are aware, have explored the correlation of dietary diversification with risk of hyperuricemia on the basis of a prospective cohort. Thus, the mechanism of negative associations of high DDS with hyperuricemia remains uncertain. A higher DDS, however, was indicated to have a positive impact on risk of chronic noncommunicable diseases, including abdominal obesity [47], hypertriglyceridemia [47], and type 2 diabetes [51,53]. Research showed that triglyceride, dyslipidemia, and abdominal obesity were associated with higher risks of hyperuricemia [47,54]. There was a mutually interdependent influence of hyperuricemia and type 2 diabetes on increased incidents as well as a reciprocal causative correlation between resistance to insulin and hyperuricemia [55,56]. The unclear causal relationship between hyperuricemia and other chronic diseases is expected to be elucidated in the future. Last but not least, a shift to a low dietary diversity predicts a decrease in the gut microbiota [36]. However, the gut microbiome, which facilitates the catabolism of purine and uric acid, was discovered to be a new target for treatment of hyperuricemia [57]. Therefore, dietary diversity is also an indispensable intervention factor associated with hyperuricemia prevention.



An interesting finding in the dose–response curve was that the intake of 8–10 broad categories of food could decrease the incidence of hyperuricemia. Nonetheless, the curve’s ultimate trend grew at a slow pace. Dietary diversification analysis may rarely consider the foods’ “healthfulness” within food groups [58]. Excessive overall dietary diversification not only increases the total amount of food intake, but may also increase the consumption of unhealthy foods [59]. Although the next turning point of the curve is unknown, we can cautiously predict that excessive dietary diversity may actually increase the risk of hyperuricemia. It is advocated to restrict the consumption of purines based on a moderate intake of multiple foods, which coincides with the guideline related to hyperuricemia in China [60]. A further suggestion proposed by the guidelines is that the daily food intake should include no fewer than 12 types per day and no fewer than 25 types per week. Ways should be practiced in daily life to achieve better food diversity, such as “small portion food consumption”, the “similar foods exchange based on foodstuff substitution method”, and “collocation of meat and vegetable” [35].



To our knowledge, this is the first study to provide convincing evidence for the correlation of dietary diversification with hyperuricemia among Chinese adults. This prospective cohort covered a very large, reliable sample that was closely linked with multiple health information systems to minimize follow-up losses. The large sample size allowed us to adjust confounding factors and ensured the robustness of test results through sensitivity analysis in various situations.



Our study has limitations as well. Firstly, the data used to calculate the DDS came from self-reporting, which might include recall bias. Nonetheless, to mitigate the bias, we also endeavored to take measures such as using a structured questionnaire conducted by trained professional technicians, restricting food categories in the FFQ based on eating habits in Shanghai, obtaining DDS based on easily recalled intake frequency rather than specific intakes, and excluding participants with abnormal energy intake. Moreover, the DDS was constructed based solely on whether the participants consumed the mentioned 10 food groups, without considering the quantity and “healthfulness” of foods, which might not accurately represent the true function of dietary variety. Priority will be given to future studies incorporating the level of dietary intake. Secondly, we did not consider the possible changes of participants’ dietary habits over time in this study due to the relatively short follow-up time (median 5.59 years). Time-dependent covariates such as shifting lifestyle characteristics (smoking cessation or weight changes) were difficult to capture and were not included in the study due to the fact that follow-up was connected through health information systems. It is currently unclear what role these covariates play in the correlation between dietary diversity and hyperuricemia. However, as the follow-up continues, additional dynamic data will be used for further research to fully consider these changes. Thirdly, the hyperuricemia incidence may have been underrated since we only included diagnosed cases of hyperuricemia and not the data from physical examinations; some asymptomatic patients might not seek medical attention. Fourthly, notwithstanding the number of data, the observational nature of the data precluded the opportunity to derive direct cause-and-effect risk. Nevertheless, this is our first exploration of the relationship between food diversity and hyperuricemia. Additional studies such as randomized controlled trials are expected to be undertaken in the future. Once sufficient studies have been completed, meta-analysis will be carried out to strengthen this evidence. Fifthly, the increasing use of over-the-counter (OTC) supplements like probiotics and cellulose was not taken into account in our study. Previous studies revealed that consuming probiotics or fiber could ameliorate hyperuricemia through modulating the gut microbiota or encouraging the excretion of uric acid [61,62,63]. We therefore venture to conclude that our results will not be significantly altered by the addition of OTC supplement into the diversified diet. Finally, this study was conducted among adults in Shanghai between the ages of 20 and 74, which might not be a complete representation of the whole Chinese population. Shanghai inhabitants reside on the east coast of China, have an obvious preference for animal food, dairy products, fruits, and vegetables, and consume more aquatic products than those in other regions [64]. Nevertheless, Shanghai, which has a sophisticated economy, is extensively urbanized and impacted by Western dietary practices [65]. In some ways, the shift in Shanghai inhabitants’ food pattern reflects a general trend of the evolution of Chinese citizens’ food pattern. It demonstrates the significance of encouraging dietary diversity nationwide to prevent hyperuricemia. Given the large sample size, our study can serve as a cohort reference for comparative dietary analysis. Even so, additional caution is warranted when extending these findings to different demographics or nations.




5. Conclusions


In summary, a higher DDS (especially above seven categories) reduced the risk of incident hyperuricemia compared to a lower DDS among Chinese inhabitants residing in Shanghai. Results support the dietary principle of “food diversification” suggested by guidelines. Our conclusions should be applied with caution given that few studies have assessed the relationship between DDS and hyperuricemia. We call for further research incorporating food-specific information and a longer follow-up period to provide additional evidence.
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Figure 1. Flow diagram of recruitment steps for participants. 
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Figure 2. Incidence density of hyperuricemia across the three DDS category groups. 






Figure 2. Incidence density of hyperuricemia across the three DDS category groups.



[image: Nutrients 16 02968 g002]







[image: Nutrients 16 02968 g003] 





Figure 3. Association between the DDS group and hyperuricemia events by subgroups of gender, age, smoking status, BMI, alcohol consumption, diabetes, hypertension, dyslipidemia, and CHD. This model was calibrated for gender, age, educational attainment, marital situation, retirement status, smoking status, alcohol consumption, tea intake, PA, sleep time, BMI, dietary energy intakes, and the history of chronic diseases (including CHD, diabetes, hypertension, dyslipidemia, COPD, asthma, and chronic bronchitis). Every single subgroup analysis was adjusted for all the aforementioned covariates with the exception of the covariate being analyzed. Bold text is employed to represent the summary value of the subgroups. 
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Figure 4. Association of DDS with hyperuricemia in RCS assessment. This model was adjusted for age, gender, educational attainment, marital situation, retirement status, smoking status, alcohol consumption, tea intake, PA, sleep time, BMI, dietary energy intake, and the history of chronic diseases (including diabetes, hypertension, CHD, COPD, dyslipidemia, asthma, and chronic bronchitis). Note: point estimates (blue line) and 95% CIs (light blue shaded area) were based on Cox regression models of the RCS with 4 knots at 5th, 35th, 65th, and 95th percentiles. 
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Table 1. Baseline characteristics of participants according to the three DDS category groups.
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Characteristics

	
Total

	
Low DDS (0–7)

	
Medium DDS (8)

	
High DDS (9–10)

	
p-Value




	
(n = 43,493)

	
(n = 16,014)

	
(n = 9805)

	
(n = 17,674)






	
Newly developed hyperuricemia (%)

	
1460 (3.36)

	
647 (4.04)

	
320 (3.26)

	
493 (2.79)

	
<0.001




	
Male (%)

	
15,727 (36.16)

	
6361 (39.72)

	
3666 (37.39)

	
5700 (32.25)

	
<0.001




	
Age (year)

	
58 (50–65)

	
59 (52–65)

	
58 (50–65)

	
57 (48–64)

	
<0.001




	
Age (group)

	

	

	

	

	
<0.001




	
     20–39

	
4892 (11.25)

	
1343 (8.39)

	
1096 (11.18)

	
2453 (13.88)

	




	
      40–49

	
5556 (12.77)

	
1812 (11.32)

	
1290 (13.16)

	
2454 (13.88)

	




	
     50–59

	
13,438 (30.90)

	
5078 (31.71)

	
3060 (31.21)

	
5300 (29.99)

	




	
     60–69

	
15,557 (35.77)

	
6158 (38.45)

	
3502 (35.71)

	
5897 (33.37)

	




	
     70–74

	
4050 (9.31)

	
1623 (10.13)

	
857 (8.74)

	
1570 (8.88)

	




	
Educational attainment (%)

	

	

	

	

	
<0.001




	
    Primary school or below

	
13,810 (31.75)

	
6884 (42.99)

	
3135 (31.97)

	
3791 (21.45)

	




	
    Junior high school

	
16,991 (39.07)

	
5944 (37.12)

	
3962 (40.41)

	
7085 (40.09)

	




	
    Senior high school or above

	
12,692 (29.18)

	
3186 (19.89)

	
2708 (27.62)

	
6798 (38.46)

	




	
Marriage situation (%)

	

	

	

	

	




	
    Unmarried

	
830 (1.91)

	
273 (1.70)

	
193 (1.97)

	
364 (2.06)

	
<0.001




	
    Married

	
39,867 (91.66)

	
14,579 (91.04)

	
8952 (91.3)

	
16,336 (92.43)

	




	
    Divorced and other

	
2796 (6.43)

	
1162 (7.26)

	
660 (6.73)

	
974 (5.51)

	




	
Retirement (%)

	
26,547 (61.04)

	
10,004 (62.47)

	
5881 (59.98)

	
10,662 (60.33)

	
<0.001




	
Smoking (%)

	
8656 (19.90)

	
3968 (24.78)

	
1999 (20.39)

	
2689 (15.21)

	
<0.001




	
Alcohol consumption (%)

	
4525 (10.40)

	
2000 (12.49)

	
1072 (10.93)

	
1453 (8.22)

	
<0.001




	
Tea intake (%)

	
12,845 (29.53)

	
4596 (28.70)

	
2994 (30.54)

	
5255 (29.73)

	
0.005




	
PA level (%)

	

	

	

	

	
<0.001




	
    Low

	
24,803 (57.03)

	
10,504 (65.59)

	
5611 (57.23)

	
8688 (49.16)

	




	
    Moderate

	
14,496 (33.33)

	
4354 (27.19)

	
3276 (33.41)

	
6866 (38.85)

	




	
    High

	
4194 (9.64)

	
1156 (7.22)

	
918 (9.36)

	
2120 (11.99)

	




	
Sleeping time (%)

	

	

	

	

	
<0.001




	
    <5 h

	
2067 (4.75)

	
931 (5.82)

	
434 (4.43)

	
702 (3.97)

	




	
    5–8 h

	
33,501 (77.03)

	
11,910 (74.37)

	
7554 (77.04)

	
14,037 (79.42)

	




	
    ≥8 h

	
7925(18.22)

	
3173 (19.81)

	
1817 (18.53)

	
2935 (16.61)

	




	
BMI (kg/m2)

	
23.95 ± 3.25

	
24.09 ± 3.29

	
23.98 ± 3.21

	
23.82 ± 3.22

	
<0.001




	
BMI (%)

	

	

	

	

	
<0.001




	
    Underweight

	
1453 (3.34)

	
515 (3.22)

	
324 (3.31)

	
614 (3.47)

	




	
    Normal Weight

	
21,577(49.61)

	
7672 (47.91)

	
4842 (49.38)

	
9063 (51.28)

	




	
    Overweight

	
15,948 (36.67)

	
6023 (37.61)

	
3623 (36.95)

	
6302 (35.66)

	




	
    Obese

	
4515 (10.38)

	
1804 (11.26)

	
1016 (10.36)

	
1695 (9.59)

	




	
Energy intake (kcal/d)

	
1142.79

(909.34–1482.55)

	
1008.75

(830.18–1292.32)

	
1133.62

(912.03–1450.63)

	
1280.47

(1022.72–1634.33)

	
<0.001




	
History of chronic diseases (%)

	

	

	

	

	




	
    Hypertension

	
20,715 (47.63)

	
8053 (50.29)

	
4708 (48.02)

	
7954 (45.00)

	
<0.001




	
    CHD

	
1972 (4.53)

	
699 (4.36)

	
468 (4.77)

	
805 (4.55)

	
0.306




	
    Diabetes

	
6431 (14.79)

	
2587 (16.15)

	
1454 (14.83)

	
2390 (13.52)

	
<0.001




	
    Dyslipidemia

	
24,835 (57.10)

	
9113 (56.91)

	
5613 (57.25)

	
10,109 (57.20)

	
0.819




	
    COPD

	
241 (0.55)

	
87 (0.54)

	
54 (0.55)

	
100 (0.57)

	
0.961




	
    Chronic bronchitis

	
2969 (6.83)

	
1240 (7.74)

	
663 (6.76)

	
1066 (6.03)

	
<0.001




	
    Asthma

	
1033 (2.38)

	
416 (2.60)

	
250 (2.55)

	
367 (2.08)

	
0.003








The mean (standard deviation) is presented for continual variables, while the frequency (percentage) is presented for category variables. The analysis of variance or non-parametric Kruskal–Wallis H test was utilized for continual variables, and the Mantel–Haenszel χ2 test was utilized for category variables. PA, physical activity; CHD, coronary heart disease; BMI, body mass index; COPD, chronic obstructive pulmonary disease.













 





Table 2. HRs (95% CIs) of hyperuricemia by the three DDS category groups.
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Per Unit Increase in DDS

	
DDS Group

	
p for Trend




	
Low

(0–7)

	
Medium

(8)

	
High

(9–10)






	
Non-Adjusted Model

	
0.94 (0.91–0.97) *

	
1.00

	
0.85 (0.74–0.97) *

	
0.76 (0.68–0.86) *

	
<0.001



