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Abstract

:

An irrational diet has been widely considered as one of the vital risk factors of hypertension. Previous studies have indicated that immune dysfunction may be involved in the pathogenic process of hypertension, while fewer studies have mentioned whether CD4+ T cells are involved in the association between dietary pattern and hypertension. This present 1:1 matched case-control study was conducted to analyze the association among dietary pattern, CD4+ T cells and hypertension. A total of 56 patients with diagnosed hypertension and 56 subjects without diagnosed hypertension in the rural area of Beijing City, northern China, were matched by age and gender, and then classified into a case group and a control group, respectively. Compared with the control group, higher frequencies of pro-inflammatory CD4+ T cells, such as Th1, Th1(IFN-γ), Th17(IL-17A), and Th1/17 (IFN-γ/IL-17A), were found in the case group (p < 0.05). A significantly higher level of circulating IL-17A was also found in the case group (7.4 pg/mL vs. 8.2 pg/mL, p < 0.05). Five dietary patterns were identified using exploratory factor analysis. An irrational dietary pattern, characterized by high-factor loadings of refined wheat (0.65), meat (0.78), poultry (0.76), and alcoholic beverage (0.73), was positively associated with SBP (β = 5.38, 95%CI = 0.73~10.03, p < 0.05) in the multiple linear regression model with the adjustment of potential covariates. The other dietary patterns showed no significant association with blood pressure. Furthermore, meat, processed meat, and animal viscera were positively correlated with the peripheral Th17 or Th1/17. In conclusion, the irrational dietary pattern characterized by refined wheat, meat, poultry, and alcoholic beverage, was positively correlated with blood pressure, and may increase the risk of hypertension in the rural area of Beijing, northern China. Th17, a subset of the CD4+ T helper cells, may be involved in the association between irrational dietary pattern and hypertension.
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1. Introduction


Hypertension has been widely recognized as a major risk factor for cardiovascular disease and has been drawing a worldwide public health concern [1,2]. With the socio-economic development and the alteration of dietary structure in recent decades, the prevalence of hypertension has been rapidly increasing in China [3,4]. According to the data from a large hypertension survey including 31 provinces in mainland China, about 23.2% of Chinese adults suffered hypertension and 41.3% adult suffered pre-hypertension [5]. In addition, another large sample size cross-sectional study in northern China, where residents typically characterized by higher consumption of dietary salt, animal food, and alcohol consumption [6,7], reported that about 55.7% of participants had hypertension [8]. Therefore, there is an imperative and urgent need to alter the unhealthy dietary structure and control blood pressure in China, especially for the residents in the rural area of northern China.



In the past decade, increasing scientific evidence has suggested that the adoption of a healthy dietary pattern, such as the Dietary Approaches to Stop Hypertension (DASH), may be helpful for the prevention and management of hypertension [9]. Furthermore, the geographical dietary pattern in southern China was also proven to be associated with lower blood pressure [10] and was recommended as a healthy dietary pattern for the prevention of non-communicable diseases (NCDs) [11]. Generally, the Jiangnan dietary pattern could be characterized by a high consumption of fresh vegetables and fruits in season, fresh water fish, shrimp, legumes; a moderate consumption of whole-grain rice, plant oils, and red meat; in addition, a relatively low consumption of salt and millet wine [11]. However, dietary patterns vary depending on the local environment, climate, and food availability [11,12]. For residents in northern China, especially those living in the rural area, recognizing and then altering the irrational dietary factors for hypertension may be more valuable and much easier to be implemented.



At present, relevant studies about the potential mechanism between dietary nutrition and hypertension have been focused more on the specific dietary nutrients, such as sodium [13] and magnesium [14]. Although many epidemiological studies have presented the intense relationship between the rational dietary patterns and hypertension, the underlying mechanism is still unclear. Previous studies indicated that the dysfunctional immune response and systematically chronic inflammation are triggers for hypertension [15]. The composition and distribution of different subsets of CD4+ T cells have been proven to be crucial for vascular function and blood pressure [16,17,18]. Animal studies suggested that high fat or high salt consumption could increase the levels of pro-inflammatory CD4+ T cells and exacerbate chronic inflammation [19,20]. Dietary fiber and its intestinal metabolites, such as short chain fatty acids, may be protective for inflammation and vascular integrity [21,22]. Traditional dietary patterns in northern China, especially in the rural area, were generally characterized by a high consumption of plant-derived food and salt, and a low consumption of fresh fruits, seafood, and milk [10,11,23]. Because of the complexed dietary habit, the association between dietary pattern and hypertension are still unclear in northern China. Furthermore, the potential mechanism between dietary pattern and hypertension has not been fully understood.



Based on previous studies, we hypothesized that the geographical dietary pattern may be associated with hypertension in northern China. Therefore, the 1:1 matched case-control study was conducted in a rural community of Beijing City, to explore the association between dietary pattern and hypertension in middle-aged and elderly rural residents. Furthermore, subsets of CD4+ T cells in peripheral blood were also detected and compared between participants with and without hypertension. The relationship between dietary factors and subsets of CD4+ T cells was also analyzed to explore the potential mechanism between the whole diet and hypertension.




2. Materials and Methods


2.1. Participants and Study Desgin


This present 1:1 matched case-control study was conducted in a rural community in Fangshan district, Beijing City, in 2021. About 60 patients aged above 45 years with a definite record of hypertension diagnosis [24], according to the electronic medical record of local community hospital, were included in the present study. Controls were recruited from the rural residents in the same community and matched to cases by gender and age. Individuals with the following conditions were excluded: (1) autoimmune disease; (2) mentally incompetent; (3) severe liver or renal disease; (4) disability or obstacle for communication or investigation. A total of 56 cases and 56 controls finally completed the study and were analyzed in the present study. This study was conducted in accordance with the Declaration of Helsinki and was approved by the Ethics Committee of Beijing Friendship Hospital, Capital Medical University (Ethics number: 2021-P2-223-01).




2.2. Anthoropometric Measurments


All the anthropometric measurements were conducted in the field by trained doctors and clinical dietitians. Body weight (kg) and height (m) were measured at once, respectively. Body mass index (BMI) was calculated as weight (kg) divided by height (m) squared. On-site blood pressure, including systolic blood pressure (SBP) and diastolic blood pressure (DBP), was measured twice in a quiet sitting position, using an electronic sphygmomanometer (Omron HEM-907, Omron Healthcare, Kyoto, Japan). The average value of the two measurements was used for analysis. Handgrip strength was then assessed in a standing position using an electronic handheld dynamometer (CAMRY EH101, Xiangshan, Zhongshan, Guangdong, China). Both hands were, respectively, assessed, once, and the maximum HGS was used for analysis. Waist circumference (WC, cm) and hip circumference (HC, cm) were all measured in a standing position by the trained investigators using a non-elastic tape.




2.3. Questionnarie and Food Consumption Assessment


Age, gender, and hypertension diagnosis information were collected from the electronic medical record of the local community hospital at the beginning of the study and were rechecked by an investigator in the face-to-face interview. Lifestyle and daily exercise were reported by participant and then recorded in the electronic questionnaire by a trained investigator in the face-to-face interview. Type 2 diabetes (T2Ds), chronic kidney disease (CKD), gout, and hyperlipidemia with define diagnosis were recorded. Relevant medication history was also recorded by investigators. A 67-item, semi-quantitative food frequency questionnaire (FFQ) was used for food consumption assessment. Food items were designed by clinical dietitians based on previous surveys in the community to match local dietary habit. Food consumption frequency (yearly, monthly, weekly, daily) and usual consumption amount were the two main parts of the FFQ. Food consumption frequency for each food item was evaluated and reported by the participants. The usual consumption amount and the portion size of each food were explained to the participants by clinical dietitians using a food atlas and a 1:1 real food model, one by one. Daily consumption of each food item was calculated according to the food consumption amount and consumption frequency.




2.4. CD4+ T-Cell Subset and Inflammatory Cytokines


Heparin anti-coagulated peripheral blood samples were collected by doctors in the morning after a 12 h fast. The distribution of the circulating T-cell subset in peripheral blood samples was determined by flow cytometry. T helper cells were identified by different expression of CCR6 and CXCR3. Naïve CD4 T cell (CD4+CD45RA+; Th0), T helper 1 cell (CD4+CD45RA-CXCR3+CCR6-, Th1), T helper 2 cell (CD4+CD45RA-CXCR3-CCR6-, Th2), T helper 17 cell (CD4+CD45RA-CXCR3-CCR6+, Th17), and T helper 1/17 cell (CD4+CD45RA-CXCR3+CCR6+, Th1/17) were respectively analyzed as subsets of T helper cells in peripheral blood. In addition, the intracellular expression of inflammatory cytokines in CD4+ T cells, including interferon-γ (IFN-γ), interleukin-4 (IL-4), and interleukin-17A (IL-17A), were also detected for the determination of phenotypes of T helper cells. CD4+ T helper cells were characterized by Th1 (IFN-γ), Th2 (IL-4), Th17 (IL-17A), and Th1/17 (IFN-γ/ IL-17A) by the intracellular cytokines, respectively. The T regulator cell (Treg) was identified by the expression of fork head box P3 (Foxp3) in CD4+ T cells. Circulating inflammatory cytokines, including IL-6, IL-10, and IL-17A, were respectively detected by ELISA.




2.5. Dietary Pattern Analysis


A total of 67 items of food in the FFQ were merged into 24 food groups according to food type and daily consumption for the analysis of dietary pattern. Exploratory factor analysis was used to extract dietary patterns based on the 24 food groups. Dietary patterns were identified and retained based on the scree plot (a plot of the eigenvalues of principal components) and the interpretability [25]. Each pattern was named with the food groups with the highest loading. A factor score of each dietary pattern was calculated by the consumption amount of each food group weighted by their factor loading [25]. A higher pattern score reflects closer adherence to the identified dietary pattern.




2.6. Stastistical Analysis


Quantitative data were presented as medians and interquartile ranges (Q1, Q3). Comparisons between the two groups were performed by paired t-test for normally distributed variables, or Wilcoxon signed-rank test for non-normally distributed variables. Shapiro–Wilk test and Q-Q plot were used for the test of normal distribution. Categorical data were presented as number and percentage; comparisons between groups were performed by chi-square test or Fisher’s exact test. Exploratory factor analysis was conducted for the identification of dietary patterns by proc factor step in SAS 9.4 system (SAS Institute, Cary, NC, USA). Matrix factor loading, explained variance and score of each dietary pattern, were all outputted by the system. A multiple linear regression model was used to analyze the association between the score of each dietary pattern and on-site blood pressure. Model 1 was an unadjusted model; Model 2 was adjusted by age, gender, BMI, group, antihypertensive drug use, daily exercise level, T2Ds, CKD, gout, hyperlipidemia, smoke status, drink status, and self-reported dietary habits (salt and fat). A heatmap was created to analyze the correlation between the subset of CD4+ T cells, and consumption of each food group, p < 0.1, was marked in the heatmap. In addition, dietary patterns and circulating inflammatory cytokines were also involved in the analysis. All heatmaps were created with the R package pheatmap (v1.0.12) in R project (v4.0.2, R Foundation, Vienna, Austria). p < 0.05 was recognized as statistically significant in the present study.





3. Results


3.1. General Characteristics


General characteristics of all 112 participants are presented in Table 1. The participants in the case group and the control group were 1:1 matched by gender and age, respectively. There was no significant difference between the two group regarding the measured anthropometric indictors (p > 0.05), including BMI, WC, HC, and HGS. Meanwhile, the difference of on-site blood pressure between the two groups remained statistically insignificant (p > 0.05). Compared with the control group, self-reported daily salt consumption in the case group was significantly lower (p = 0.040). A total of 42.9% (24/56) participants with hypertension reported light salt consumption, while only 23.2% (13/56) participants without hypertension reported light salt consumption. The differences of the other lifestyle entries, including daily exercise, daily fat consumption, drinking, and smoking, all remained insignificant between the two group (p > 0.05). In addition, the prevalence of T2Ds, CKD, gout, and hyperlipidemia between cases and controls also showed no significant difference.




3.2. Comparisons of CD4+ T-Cell Subsets in Participants with and without Hypertension


The differences of CD4+T-cell subsets in both forms of absolute number (1000/mL) and frequency (%) were compared between the two matched groups (Table 2). Compared with the control group, the frequency of Th0 in the case group was significantly lower (32.0 vs. 27.3, p < 0.01), while no significant difference of the absolute number of Th0 between the two groups was observed (280.5 vs. 210.6, p > 0.05). Adversely, the frequency of Th1 in the control group was significantly lower than the case group (20.6 vs. 24.5, p < 0.01), and the absolute number of Th1 in the control group was also significantly lower than Th1 in the case group (171.3 vs. 220.6, p < 0.01). There was no significant difference of the other T helper cells (Th2, Th17, Th1/17) between the two groups. In addition, intracellular cytokines (IFN-γ, IL-4, and IL-17A) in CD4+ T cells between the two groups were also compared. Compared with the control group, the frequency of Th1 (IFN-γ) in CD4+ T cells in the case group was significantly higher (18.9 vs. 21.1, p < 0.01), while no significant difference of the absolute number of Th1 (IFN-γ) between the two groups was observed (147.0 vs. 174.4, p > 0.05). Th2 (IL-4) and Th17(IL-17A) showed no significant difference between the two groups (p > 0.05). The frequency and absolute number of peripheral Th1/17(IFN-γ/IL-17A) cell and Treg cell in the control group were both significantly lower than the case group (p < 0.05).




3.3. Comparisons of Circulating Inflammatory Cytokines in Participants with and without Hypertension


Furthermore, circulating inflammatory markers, including IL-6, IL-10, and IL-17A, were also detected and compared between the two groups (Table 3). No significant difference of IL-10 was observed between the two groups. The level of IL-6 in the control group was significantly higher than the case group (1.8 vs. 1.0, p < 0.05), while the level of IL-17A in the control group was significantly lower than the case group (7.4 vs. 8.2, p < 0.05).




3.4. Identified Dietary Patterns


Five dietary patterns were identified from the 112 participants by exploratory factor analysis (Table 4). Matrix factor loadings of those food groups were presented in the five identified dietary patterns, respectively. According to the highest value of matrix factor loadings, five dietary patterns were respectively named as DP1 for “meat-poultry-alcoholic beverage” pattern, DP2 for “legume-soybean-tuber” pattern, DP3 for “fruit-processed meat” pattern, DP4 for “fried cereal-soft drink” pattern, and DP5 for “animal viscera-snack” pattern. DP1 explained 10.90% variance of all the food consumption in the participants, DP2 explained 10.12%, DP3 explained 7.12%, DP4 explained 6.97%, and DP5 explained 6.39%. The five identified dietary patterns explained 41.50% variance of all the food consumption of the 112 participants.




3.5. Association between Dietary Pattern and On-Site Blood Pressure


A multiple linear regression model was conducted to analyze the association between identified dietary pattern and on-site blood pressure (Table 5). Factor scores of all five dietary patterns were calculated and analyzed in this present study. In the unadjusted model, DP1 showed a significantly positive association with SBP (β = 3.96, 95%CI = 0.25~7.66, p < 0.05). In addition, with the adjustment of the potential covariates, the positive association between the B pattern and SBP remained statistically significant (β = 5.38, 95%CI = 0.73~10.33, p < 0.05). The other three identified dietary patterns showed no significant association with SBP (p > 0.05). In addition, none of the five identified dietary patterns significantly associated with DBP in this present study (p > 0.05).




3.6. Correlation between Food Consumption and the Subset of CD4+ T Cells


Correlations of food groups and of CD4+ T cells (%) were calculated and shown in a heatmap (Figure 1). In addition, the identified DPs and circulating inflammatory cytokines were also analyzed. Correlations of food groups and of CD4+ subsets (absolute number) were calculated and were presented in supplementary Figure S1. The significantly negative correlation was observed between DP1 and Th2 (IL-4). DP4 and DP5 both showed significantly positive correlation with Th17. DP4 also showed significantly negative correlation with Th0. Compared with the other CD4+ T cells, Th17 showed the most significantly positive correlations with multiple food groups, and Th0 showed the most significantly negative correlations with multiple food groups. Soft drink, animal foods, including meat, processed meat, and animal viscera, showed positive correlations with Th17 or Th1/17. Fired cereal, legume, and processed meat all showed significantly positive correlations with Th1/17 (IFN-γ/IL-17A). Th2 (IL-4) showed significantly negative correlation with refined wheat and alcoholic beverage. Poultry, fish, and seafood showed significantly positive correlation with Treg, while water showed significantly negative correlation with Treg. Processed meat showed significantly positive correlation with IL-6. Meat, nuts, and legume showed significantly negative correlation with IL-10, respectively.





4. Discussion


An irrational diet has been recognized as a risk factor for hypertension, while, the underlying mechanism remains unclear. Immune dysfunction, inflammation, and hypertension were proven to be intensively related to each other [15]. Effector T cells and regulatory lymphocytes, part of the adaptive immune system, have been proven to be vital triggers for blood vessels constriction and hypertension in recent years [16,17,18]. Several dietary patterns have been recommended for prevention and management of hypertension and relevant NCDs [9,10,11]. However, to the best of our knowledge, fewer of the previous population-based studies discussed the association between dietary pattern and effector T cells in the pathogenesis of hypertension. In addition, those rational dietary patterns were difficult to be recommended for the residents in rural areas of northern China, mainly due to the different climate, agricultural production, traditional habits, and the other relevant reasons.



In this present 1:1 matched case-control study, five dietary patterns were identified. DP1, characterized by the preferred consumption of refined wheat, meat, poultry, and alcoholic beverage, was positively associated with SBP in the multiple linear regression model. However, none of the five identified dietary patterns was conducive to the prevention and management of hypertension. This result also reflected the poor quality of the whole diet in this area. Furthermore, compared with the control group, higher levels of pro-inflammatory subsets of CD4+ T cells were found in the case group. In addition, soft drink and animal foods were positively correlated with pro-inflammatory Th17 and Th1/17, while DP1 was inversely correlated with the anti-inflammatory Th2 (IL-4). In conclusion, the irrational dietary pattern was positively associated with blood pressure and may increase the risk for hypertension in rural residents. Reducing the consumption of animal foods, alcoholic beverage, and soft drink, may help to improve the whole dietary quality, and control hypertension in the rural area of northern China. This present study partially expounded the association among daily diet, immune system, and hypertension. The relevant results provided scientific evidence for the prevention and management of hypertension, especially for the rural residents in northern China with irrational dietary habits.



4.1. Hypertension and CD4+ T Cells


In recent years, imbalance of T lymphocytes has been recognized as one of the risk factors for hypertension. According to the production of specific cytokines, CD4+ T cells could be classified into four categories: Th1 cells (IFN-γ), Th2 cells (IL-4 and IL-13), Th17 (IL-17A), and Treg cells (Foxp3 and the secretion of IL-10). Th1 and Th17 cells could promote pro-inflammatory responses by stimulating M1-marcophagtes, whereas Th2 and Treg cells were correlated with anti-inflammatory responses. The differentiation of Th0 could be activated by hypertensive stimuli via the central nervous system and APC [26,27]. Pro-inflammatory Th1 and T17 then triggered inflammation and oxidative stress, and caused vascular damage and the increase of blood pressure [28]. In addition, aldosterone, a mineralocorticoid hormone that controls body fluid and electrolyte balance, has been proven to be involved in the association between immune cell activation and hypertension [29]. Excess aldosterone was pathologically associated with essential hypertension and increased blood pressure [29]. Aldosterone could also induce the activation of dendritic cells and increase the polarization of Th0 into Th17 and Th1, which may further exacerbate hypertension related immune dysfunction [29,30]. Previous animal studies also shown that Treg adoptive transfer could help to relive angiotensin II-induced hypertension [31] and aldosterone-induced endothelial dysfunction [32]. Those results indicated that, the association between hypertension and CD4+ T cells is mutually interactive and rather complex.



Although the role of CD4+ T cells has been widely discussed in hypertensive animal models, relevant epidemiological evidence remains limited. A clinical study including 45 patients with hypertension and 15 healthy subjects reported that compared with the healthy subjects, higher frequencies of circulating Th1 and Th17 and lower frequency of circulating Th2 were found in the hypertensive subjects [33]. Another prospective cohort study including 117 patients with connective tissue disease (CTD) and 53 patients with CTD-associated pulmonary arterial hypertension reported a significantly higher frequency of Th17 and higher level of circulating IL-17A in the patients with CTD-associated pulmonary arterial hypertension [34]. Partially in line with the previous studies, compared with the control group, significantly higher frequencies of Th1, Th1 (IFN-γ), and Th17 (IL-17A) were found in the participants with hypertension in this present study. In addition, a higher level of circulating IL-17A was also found in the case group. No statistical difference of on-site blood pressure was found between the two groups, which may be partially attributed to the significantly higher rate of antihypertensive drug use in the case group. It should be noted that a previous animal study found that blood pressure could be both ameliorated by Olmesartan and hydralazine; however, only Olmesartan could ameliorate the imbalance of T-cell subsets and attenuated renal injury induced by exogenous angiotensin II [35]. Furthermore, compared with the control group, a higher level of Treg was found in the participants with hypertension in this present study. Treg, with the secretion of anti-inflammatory IL-4, IL-10, and TGF-β, has been generally recognized as the crucial CD4+ T cell for the balance of systemic inflammation and relevant cardiovascular diseases [36]. Previous studies reported that the drugs of angiotensin II blocker [37] and aging [38] could increase the level of Treg. Those results indicated that, controlling blood pressure alone may not be enough to reverse the systematically inflammatory state in hypertensive patients; besides blood pressure control, anti-inflammation treatment should also be considered as an important goal in the treatment and management of hypertension.




4.2. Irrational Dietary Pattern, CD4+ T Cells and Hypertension


Over the past decade, many epidemiological studies have shown that obesity caused by a high-calorie, high-salt, high-fat diet was one of the most vital risk factors for hypertension. The DASH diet, which is characterized by a high consumption of fresh fruits, vegetables, and low-fat dairy products, is recommended as a rational dietary pattern for blood pressure control [9]. The geographical Jiangnan diet in China has also been recognized as a rational dietary pattern for the prevention and treatment of hypertension in China [10,11]. However, dietary patterns vary depending on depending on environment, climate, and food availability. For residents in northern China, especially those living in the rural area, there are several practical difficulties, such as eating habits and access to common food, to fully adopt the Jiangnan diet pattern.



In addition, although many epidemiological studies have confirmed the association between diet and hypertension, the mechanisms involved are not fully understood. Animal studies found that diets with high salt [39] or high fat [40] could both promote the expression of pro-inflammatory T-cell subsets, while the imbalance of T-cell subsets was a key target in the development of hypertension. Compared with the other subsets of CD4+ T cells, the pro-inflammatory Th17 seemed to be more suspectable to the components of the irrational dietary factors [41]. Several vitamins, including vitamin A [42] and vitamin D [43], were found to be effective to suppress Th17, which may be beneficial for the control of blood pressure. However, the association between the whole dietary pattern and Th cells in hypertension was rarely discussed. In this present study, one of the dietary patterns characterized by high factor loading of refined wheat, meat, poultry, and alcoholic beverage, was found to be positively associated with the increase of SBP (Table 5). Furthermore, this dietary pattern was adversely correlated with the anti-proinflammatory Th2 (IL-4). Meat, processed meat, and animal visceral showed statistically positive correlation with Th17 or Th1/17. Those results indicated that the irrational dietary pattern, characterized by a high consumption of animal foods, may be the independent risk factor for hypertension. In addition, Th17 may be involved in the association between dietary pattern and hypertension. However, this is limited evidence for the mechanisms underlying food consumption and CD4+ T cells; more studies needed to be conducted to analyzed the potential mechanism.



There were several limitations in this present study. The present study was a case-control study; more perspective studies were needed for the discussion of dietary pattern and hypertension. In addition, no rational dietary pattern was found to be recommended for the control of hypertension in this present study. It remained unclear whether modifying the existing dietary patterns could be effective in controlling hypertension in the rural area of northern China.





5. Conclusions


Five dietary patterns were identified in the middle-aged and elderly residents from the rural area of Beijing City, northern China. The irrational dietary pattern, characterized by a high consumption of refined wheat, meat, poultry, and alcoholic beverage, was positively associated with blood pressure. High circulating levels of pro-inflammatory CD4+ T cells were found in the patients with hypertension. Furthermore, meat, processed meat, animal visceral, and soft drink showed a statistically positive correlation with the pro-inflammatory Th17 or Th1/17. The increased risk of hypertension by irrational dietary pattern may be associated with Th17 cell.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/nu15020290/s1, Figure S1: Correlation between food group and the subset (absolute number) of CD4+ T cells.





Author Contributions


Conceptualization, Z.H. methodology, C.L.; formal analysis, C.L. and Y.L.; investigation, N.W., Z.G., Z.S., J.W., B.D., Y.B., Y.W. (Yuxia Wang) and Y.W. (Yisi Wang); resources, J.W. and B.D.; data curation, Y.L. and B.D.; writing—original draft preparation, C.L.; writing—review and editing, C.L. and Z.H.; visualization, C.L.; supervision, Z.H. and B.D.; project administration, Z.H. and C.L. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by Beijing Friendship Hospital, Capital Medical University, grant number YYZZ202137.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and approved by the Ethics Committee of Beijing Friendship Hospital, Capital Medical University (Ethics number: 2021-P2-223-01).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Data are available from the corresponding author upon reasonable request due to privacy restrictions.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Mills, K.T.; Stefanescu, A.; He, J. The global epidemiology of hypertension. Nat. Rev. Nephrol. 2020, 16, 223–237. [Google Scholar] [CrossRef] [PubMed]

	



Turana, Y.; Tengkawan, J.; Chia, Y.C.; Nathaniel, M.; Wang, J.G.; Sukonthasarn, A.; Chen, C.H.; Minh, H.V.; Buranakitjaroen, P.; Shin, J.; et al. Hypertension and stroke in Asia: A comprehensive review from HOPE Asia. J. Clin. Hypertens. 2021, 23, 513–521. [Google Scholar] [CrossRef] [PubMed]

	



Feng, X.L.; Pang, M.; Beard, J. Health system strengthening and hypertension awareness, treatment and control: Data from the China Health and Retirement Longitudinal Study. Bull. World Health Organ. 2014, 92, 29–41. [Google Scholar] [CrossRef]

	



Yang, F.; Qian, D.; Liu, X. Socioeconomic disparities in prevalence, awareness, treatment, and control of hypertension over the life course in China. Int. J. Equity Health 2017, 16, 100. [Google Scholar] [CrossRef] [PubMed]

	



Wang, Z.; Chen, Z.; Zhang, L.; Wang, X.; Hao, G.; Zhang, Z.; Shao, L.; Tian, Y.; Dong, Y.; Zheng, C.; et al. Status of Hypertension in China: Results From the China Hypertension Survey, 2012–2015. Circulation 2018, 137, 2344–2356. [Google Scholar] [CrossRef]

	



Zhang, J.; Guo, X.; Lu, Z.; Tang, J.; Li, Y.; Xu, A.; Liu, S. Cardiovascular Diseases Deaths Attributable to High Sodium Intake in Shandong Province, China. J. Am. Heart Assoc. 2019, 8, e010737. [Google Scholar] [CrossRef] [PubMed]

	



Tan, S.; Lu, H.; Song, R.; Wu, J.; Xue, M.; Qian, Y.; Wang, W.; Wang, X. Dietary quality is associated with reduced risk of diabetes among adults in Northern China: A cross-sectional study. Br. J. Nutr. 2021, 126, 923–932. [Google Scholar] [CrossRef]

	



Xu, X.; Bao, H.; Tian, Z.; Zhu, H.; Zhu, L.; Niu, L.; Yan, T.; Dong, H.; Fang, X.; Zhang, X. Prevalence, awareness, treatment, and control of hypertension in Northern China: A cross-sectional study. BMC Cardiovasc. Disord. 2021, 21, 525. [Google Scholar] [CrossRef]

	



Ozemek, C.; Laddu, D.R.; Arena, R.; Lavie, C.J. The role of diet for prevention and management of hypertension. Curr. Opin. Cardiol. 2018, 33, 388–393. [Google Scholar] [CrossRef]

	



Wang, D.; He, Y.; Li, Y.; Luan, D.; Yang, X.; Zhai, F.; Ma, G. Dietary patterns and hypertension among Chinese adults: A nationally representative cross-sectional study. BMC Public Health 2011, 11, 925. [Google Scholar] [CrossRef]

	



Wang, J.; Lin, X.; Bloomgarden, Z.T.; Ning, G. The Jiangnan diet, a healthy diet pattern for Chinese. J. Diabetes 2020, 12, 365–371. [Google Scholar] [CrossRef]

	



Sáez-Almendros, S.; Obrador, B.; Bach-Faig, A.; Serra-Majem, L. Environmental footprints of Mediterranean versus Western dietary patterns: Beyond the health benefits of the Mediterranean diet. Environ. Health Glob. Access Sci. Source 2013, 12, 118. [Google Scholar] [CrossRef] [PubMed]

	



Grillo, A.; Salvi, L.; Coruzzi, P.; Salvi, P.; Parati, G. Sodium Intake and Hypertension. Nutrients 2019, 11, 1970. [Google Scholar] [CrossRef] [PubMed]

	



Dominguez, L.; Veronese, N.; Barbagallo, M. Magnesium and Hypertension in Old Age. Nutrients 2020, 13, 139. [Google Scholar] [CrossRef]

	



Madhur, M.S.; Elijovich, F.; Alexander, M.R.; Pitzer, A.; Ishimwe, J.; Van Beusecum, J.P.; Patrick, D.M.; Smart, C.D.; Kleyman, T.R.; Kingery, J.; et al. Hypertension: Do Inflammation and Immunity Hold the Key to Solving this Epidemic? Circ. Res. 2021, 128, 908–933. [Google Scholar] [CrossRef]

	



Itani, H.A.; McMaster, W.G., Jr.; Saleh, M.A.; Nazarewicz, R.R.; Mikolajczyk, T.P.; Kaszuba, A.M.; Konior, A.; Prejbisz, A.; Januszewicz, A.; Norlander, A.E.; et al. Activation of Human T Cells in Hypertension: Studies of Humanized Mice and Hypertensive Humans. Hypertension 2016, 68, 123–132. [Google Scholar] [CrossRef]

	



Deer, E.; Reeve, K.E.; Amaral, L.; Vaka, V.R.; Franks, M.; Campbell, N.; Fitzgerald, S.; Herrock, O.; Ibrahim, T.; Cornelius, D.; et al. CD4+ T cells cause renal and placental mitochondrial oxidative stress as mechanisms of hypertension in response to placental ischemia. Am. J. Physiol. Ren. Physiol. 2021, 320, F47–F54. [Google Scholar] [CrossRef]

	



Agita, A.; Alsagaff, M.T. Inflammation, Immunity, and Hypertension. Acta Med. Indones. 2017, 49, 158–165. [Google Scholar]

	



Devkota, S.; Wang, Y.; Musch, M.W.; Leone, V.; Fehlner-Peach, H.; Nadimpalli, A.; Antonopoulos, D.A.; Jabri, B.; Chang, E.B. Dietary-fat-induced taurocholic acid promotes pathobiont expansion and colitis in Il10-/-mice. Nature 2012, 487, 104–108. [Google Scholar] [CrossRef] [PubMed]

	



Wu, C.; Yosef, N.; Thalhamer, T.; Zhu, C.; Xiao, S.; Kishi, Y.; Regev, A.; Kuchroo, V.K. Induction of pathogenic TH17 cells by inducible salt-sensing kinase SGK1. Nature 2013, 496, 513–517. [Google Scholar] [CrossRef]

	



Robles-Vera, I.; Toral, M.; de la Visitación, N.; Sánchez, M.; Gómez-Guzmán, M.; Romero, M.; Yang, T.; Izquierdo-Garcia, J.L.; Jiménez, R.; Ruiz-Cabello, J.; et al. Probiotics Prevent Dysbiosis and the Rise in Blood Pressure in Genetic Hypertension: Role of Short-Chain Fatty Acids. Mol. Nutr. Food Res. 2020, 64, e1900616. [Google Scholar] [CrossRef]

	



Aleixandre, A.; Miguel, M. Dietary fiber and blood pressure control. Food Funct. 2016, 7, 1864–1871. [Google Scholar] [CrossRef]

	



Li, C.; Kang, B.; Zhang, T.; Gu, H.; Song, P.; Chen, J.; Wang, X.; Xu, B.; Zhao, W.; Zhang, J. Dietary Pattern and Dietary Energy from Fat Associated with Sarcopenia in Community-Dwelling Older Chinese People: A Cross-Sectional Study in Three Regions of China. Nutrients 2020, 12, 3689. [Google Scholar] [CrossRef] [PubMed]

	



2018 Chinese Guidelines for Prevention and Treatment of Hypertension-A report of the Revision Committee of Chinese Guidelines for Prevention and Treatment of Hypertension. J. Geriatr. Cardiol. JGC 2019, 16, 182–241.

	



Jannasch, F.; Riordan, F.; Andersen, L.F.; Schulze, M.B. Exploratory dietary patterns: A systematic review of methods applied in pan-European studies and of validation studies. Br. J. Nutr. 2018, 120, 601–611. [Google Scholar] [CrossRef] [PubMed]

	



Zhou, H.; Liu, F. Regulation, Communication, and Functional Roles of Adipose Tissue-Resident CD4(+) T Cells in the Control of Metabolic Homeostasis. Front. Immunol. 2018, 9, 1961. [Google Scholar] [CrossRef]

	



Zhao, Y.; Lin, L.; Li, J.; Xiao, Z.; Chen, B.; Wan, L.; Li, M.; Wu, X.; Hin Cho, C.; Shen, J. CD4(+) T cells in obesity and obesity-associated diseases. Cell. Immunol. 2018, 332, 1–6. [Google Scholar] [CrossRef]

	



Schiffrin, E.L. Immune mechanisms in hypertension and vascular injury. Clin. Sci. 2014, 126, 267–274. [Google Scholar] [CrossRef]

	



Ferreira, N.S.; Tostes, R.C.; Paradis, P.; Schiffrin, E.L. Aldosterone, Inflammation, Immune System, and Hypertension. Am. J. Hypertens. 2021, 34, 15–27. [Google Scholar] [CrossRef]

	



Herrada, A.A.; Contreras, F.J.; Marini, N.P.; Amador, C.A.; González, P.A.; Cortés, C.M.; Riedel, C.A.; Carvajal, C.A.; Figueroa, F.; Michea, L.F.; et al. Aldosterone promotes autoimmune damage by enhancing Th17-mediated immunity. J. Immunol. 2010, 184, 191–202. [Google Scholar] [CrossRef]

	



Barhoumi, T.; Kasal, D.A.; Li, M.W.; Shbat, L.; Laurant, P.; Neves, M.F.; Paradis, P.; Schiffrin, E.L. T regulatory lymphocytes prevent angiotensin II-induced hypertension and vascular injury. Hypertension 2011, 57, 469–476. [Google Scholar] [CrossRef] [PubMed]

	



Kasal, D.A.; Barhoumi, T.; Li, M.W.; Yamamoto, N.; Zdanovich, E.; Rehman, A.; Neves, M.F.; Laurant, P.; Paradis, P.; Schiffrin, E.L. T regulatory lymphocytes prevent aldosterone-induced vascular injury. Hypertension 2012, 59, 324–330. [Google Scholar] [CrossRef] [PubMed]

	



Ji, Q.; Cheng, G.; Ma, N.; Huang, Y.; Lin, Y.; Zhou, Q.; Que, B.; Dong, J.; Zhou, Y.; Nie, S. Circulating Th1, Th2, and Th17 Levels in Hypertensive Patients. Dis. Markers 2017, 2017, 7146290. [Google Scholar] [CrossRef] [PubMed]

	



Gaowa, S.; Zhou, W.; Yu, L.; Zhou, X.; Liao, K.; Yang, K.; Lu, Z.; Jiang, H.; Chen, X. Effect of Th17 and Treg axis disorder on outcomes of pulmonary arterial hypertension in connective tissue diseases. Mediat. Inflamm. 2014, 2014, 247372. [Google Scholar] [CrossRef]

	



Shao, J.; Nangaku, M.; Miyata, T.; Inagi, R.; Yamada, K.; Kurokawa, K.; Fujita, T. Imbalance of T-cell subsets in angiotensin II-infused hypertensive rats with kidney injury. Hypertension 2003, 42, 31–38. [Google Scholar] [CrossRef]

	



Sharabi, A.; Tsokos, M.G.; Ding, Y.; Malek, T.R.; Klatzmann, D.; Tsokos, G.C. Regulatory T cells in the treatment of disease. Nat. Rev. Drug Discov. 2018, 17, 823–844. [Google Scholar] [CrossRef]

	



Liu, Z.; Zhao, Y.; Wei, F.; Ye, L.; Lu, F.; Zhang, H.; Diao, Y.; Song, H.; Qi, Z. Treatment with telmisartan/rosuvastatin combination has a beneficial synergistic effect on ameliorating Th17/Treg functional imbalance in hypertensive patients with carotid atherosclerosis. Atherosclerosis 2014, 233, 291–299. [Google Scholar] [CrossRef]

	



Garg, S.K.; Delaney, C.; Toubai, T.; Ghosh, A.; Reddy, P.; Banerjee, R.; Yung, R. Aging is associated with increased regulatory T-cell function. Aging Cell 2014, 13, 441–448. [Google Scholar] [CrossRef]

	



Teixeira, D.E.; Peruchetti, D.B.; Souza, M.C.; das Graças Henriques, M.G.; Pinheiro, A.A.S.; Caruso-Neves, C. A high salt diet induces tubular damage associated with a pro-inflammatory and pro-fibrotic response in a hypertension-independent manner. Biochimica et biophysica acta. Mol. Basis Dis. 2020, 1866, 165907. [Google Scholar] [CrossRef]

	



Endo, Y.; Asou, H.K.; Matsugae, N.; Hirahara, K.; Shinoda, K.; Tumes, D.J.; Tokuyama, H.; Yokote, K.; Nakayama, T. Obesity Drives Th17 Cell Differentiation by Inducing the Lipid Metabolic Kinase, ACC1. Cell Rep. 2015, 12, 1042–1055. [Google Scholar] [CrossRef]

	



Siracusa, F.; Schaltenberg, N.; Villablanca, E.J.; Huber, S.; Gagliani, N. Dietary Habits and Intestinal Immunity: From Food Intake to CD4(+) T (H) Cells. Front. Immunol. 2018, 9, 3177. [Google Scholar] [CrossRef] [PubMed]

	



Mucida, D.; Park, Y.; Kim, G.; Turovskaya, O.; Scott, I.; Kronenberg, M.; Cheroutre, H. Reciprocal TH17 and regulatory T cell differentiation mediated by retinoic acid. Science 2007, 317, 256–260. [Google Scholar] [CrossRef] [PubMed]

	



Hamzaoui, A.; Berraïes, A.; Hamdi, B.; Kaabachi, W.; Ammar, J.; Hamzaoui, K. Vitamin D reduces the differentiation and expansion of Th17 cells in young asthmatic children. Immunobiology 2014, 219, 873–879. [Google Scholar] [CrossRef] [PubMed]








[image: Nutrients 15 00290 g001 550] 





Figure 1. Correlation between food group and the subset (%) of CD4+ T cells. Correlation coefficient r > 0 was colored by red; r < 0 was colored by blue, * p < 0.1, ** p < 0.05, *** p < 0.01. 
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Table 1. General characteristics.
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Characteristic

	
Control Group

	
Case Group

	




	

	
N = 56

	
N = 56

	
p Value






	
Male (n, %)

	
22 (39.3)

	
22 (39.3)

	
1.000




	
Age (y)

	
63 (57, 66)

	
63 (56.5, 66)

	
0.527




	
BMI (kg/m2)

	
26.0 (24.2, 28.1)

	
27.4 (24.7, 29.1)

	
0.411




	
WC (cm)

	
90 (84, 96)

	
92.5 (85, 98.5)

	
0.646




	
HC (cm)

	
97 (94, 103)

	
98.0 (95, 101.5)

	
0.851




	
HGS (kg)

	
26.8 (23.2, 33.6)

	
26.5 (22.0, 36.6)

	
0.971




	
Daily exercise level (n, %)

	

	

	
0.844




	
Light

	
38 (67.9)

	
36 (64.3)

	




	
Moderate

	
6 (10.7)

	
8 (14.3)

	




	
Heavy

	
12 (21.4)

	
12 (21.4)

	




	
Daily salt consumption (n, %)

	

	

	
0.040




	
Light

	
13 (23.2)

	
24 (42.9)

	




	
Moderate

	
21 (37.5)

	
11 (19.6)

	




	
Heavy

	
22 (39.3)

	
21 (37.5)

	




	
Daily fat consumption (n, %)

	

	

	
0.066




	
Light

	
10 (17.9)

	
21 (37.5)

	




	
Moderate

	
26 (46.4)

	
19 (33.9)

	




	
Heavy

	
20 (35.7)

	
16 (28.6)

	




	
Current smoker (n, %)

	
11 (19.6)

	
7 (12.5)

	
0.303




	
Current drinker (n, %)

	
15 (26.8)

	
11 (19.6)

	
0.371




	
One-site SBP

	
134.3 (124.8, 149.3)

	
142.0 (127.5, 152.0)

	
0.365




	
One-site DBP

	
75.8 (70.5, 83.5)

	
80.3 (70.8, 88.0)

	
0.390




	
Antihypertensive drug use

	
21 (37.5)

	
36 (64.3)

	
0.005




	
T2Ds (n, %)

	
14 (25.0)

	
14 (25.0)

	
1.000




	
CKD (n, %)

	
5 (8.9)

	
5 (8.9)

	
1.000




	
Gout (n, %)

	
2 (3.6)

	
2 (3.6)

	
1.000




	
Hyperlipidemia (n, %)

	
19 (33.9)

	
18 (32.1)

	
0.841








Quantitative data are presented as median (Q1, Q3); categorical data are presented as n (%).
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Table 2. Differences of CD4+ T-cell subsets in participants with and without hypertension.
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CD4+ Subsets

	
Frequency (%)

	

	
Absolute Number (1000/mL)

	




	
Control Group

	
Case Group

	
p Value

	
Control Group

	
Case Group

	
p Value






	
Th0

	
32.0

	
27.3

	
0.009

	
280.5

	
210.6

	
0.195




	

	
(21.4, 40.9)

	
(17.9, 34.5)

	

	
(161.3, 375.3)

	
(136.4, 353.8)

	




	
Th1

	
20.6

	
24.5

	
0.001

	
171.3

	
220.6

	
0.020




	

	
(15.7, 23.7)

	
(20.5, 28.6)

	

	
(119.9, 238.7)

	
(128.4, 303.3)

	




	
Th2

	
14.4

	
15.5

	
0.438

	
122.0

	
123.0

	
0.607




	

	
(11.6, 17.8)

	
(12.2, 18.7)

	

	
(88.1, 159.3)

	
(80.3, 197.0)

	




	
Th17

	
13.7

	
15.2

	
0.687

	
118.8

	
133.5

	
0.448




	

	
(11.7, 18.4)

	
(13.0, 17.4)

	

	
(99.0, 163.9)

	
(93.8, 176.0)

	




	
Th1/17

	
17.1

	
16.9

	
0.955

	
122.7

	
138.8

	
0.448




	

	
(13.1, 22.1)

	
(13.0, 21.7)

	

	
(101.4, 178.3)

	
(100.2, 208.3)

	




	
Th1 (IFN-γ)

	
18.9

	
21.1

	
0.023

	
147.0

	
174.4

	
0.112




	

	
(13.4, 25.3)

	
(17.2, 26.9)

	

	
(106.7, 203.6)

	
(125.4, 259.0)

	




	
Th2 (IL-4)

	
1.6

	
1.5

	
0.664

	
12.0

	
11.5

	
0.695




	

	
(1.1, 2.3)

	
(0.7, 2.5)

	

	
(8.4, 20.5)

	
(5.6, 21.5)

	




	
Th17 (IL-17A)

	
1.4

	
1.7

	
0.027

	
10.4

	
12.7

	
0.091




	
(1.1, 1.7)

	
(1.1, 2.3)

	

	
(7.7, 16.4)

	
(8.5, 21.2)

	




	
Th1/17(IFN-γ/IL-17A)

	
0.3

	
0.4

	
0.003

	
1.9

	
2.4

	
0.017




	
(0.1, 0.3)

	
(0.2, 0.6)

	

	
(1.0, 3.2)

	
(1.3, 5.4)

	




	
Treg

	
2.6

	
4.0

	
<0.001

	
21.7

	
32.6

	
<0.001




	

	
(1.9, 3.7)

	
(3.0, 4.7)

	

	
(18.1, 29.1)

	
(25.0, 40.9)
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Table 3. Comparison of inflammatory cytokines in the participants with and without hypertension.
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	Inflammatory Cytokines
	Control Group
	Case Group
	p Value





	IL-6 (pg/mL)
	1.8 (0.9, 3.9)
	1.0 (0.4, 2.2)
	0.034



	IL-10 (pg/mL)
	10.5 (8.8, 12.6)
	10.6 (7.9, 12.7)
	0.660



	IL-17A (pg/mL)
	7.4 (5.3, 9.4)
	8.2 (6.3, 10.3)
	0.033
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Table 4. Matrix factor loadings of all the food groups in the identified dietary patterns.
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	Food Group
	DP1
	DP2
	DP3
	DP4
	DP5





	Refined rice
	0.19
	0.32
	−0.03
	−0.18
	0.16



	Refined wheat
	0.65
	−0.15
	−0.11
	0.16
	−0.05



	Fried cereal
	0.01
	−0.02
	−0.04
	0.75
	0.15



	Coarse cereal
	−0.02
	0.23
	−0.07
	−0.28
	0.40



	Tuber
	−0.21
	0.56
	0.05
	0.02
	0.11



	Soybean
	−0.13
	0.70
	−0.01
	0.21
	0.08



	Legume
	−0.02
	0.76
	−0.01
	0.17
	<0.01



	Vegetables
	0.18
	0.43
	0.09
	−0.20
	0.42



	Mushroom and fungi
	−0.05
	0.26
	−0.05
	−0.04
	−0.05



	Pickles
	0.19
	0.11
	−0.08
	−0.02
	0.37



	Fermented food
	0.06
	0.30
	−0.23
	0.37
	0.14



	Fruit
	−0.02
	0.07
	0.89
	0.02
	−0.06



	Milk
	−0.13
	0.09
	<0.01
	−0.02
	−0.20



	Meat
	0.78
	0.01
	0.10
	0.10
	−0.02



	Poultry
	0.76
	−0.01
	−0.05
	0.04
	0.22



	Processed meat
	−0.07
	−0.07
	0.86
	0.02
	0.13



	Animal viscera
	−0.09
	−0.07
	0.19
	0.04
	0.62



	Fish and seafood
	0.05
	0.28
	0.01
	−0.15
	−0.32



	Eggs
	0.01
	0.31
	0.11
	0.52
	−0.03



	Nuts
	0.06
	0.39
	0.12
	−0.29
	−0.21



	Snacks
	−0.01
	0.19
	0.01
	0.16
	0.48



	Alcoholic beverage
	0.73
	−0.09
	−0.05
	−0.09
	−0.04



	Soft drink
	0.15
	−0.15
	0.06
	0.57
	−0.07



	Water
	−0.32
	−0.30
	−0.12
	−0.02
	0.45



	Explained variance
	10.90%
	10.12%
	7.12%
	6.97%
	6.39%
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Table 5. Association between dietary pattern and on-site blood pressure in multiple linear regression model.
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DP

	
Model

	
On-Site SBP

	

	
On-Site DBP

	




	
β

	
95% CI

	
p Value

	
β

	
95% CI

	
p Value






	
DP1

	
1

	
3.96

	
0.25

	
7.66

	
0.037

	
2.29

	
−0.43

	
5.00

	
0.098




	

	
2

	
5.38

	
0.73

	
10.03

	
0.024

	
3.47

	
−0.15

	
7.09

	
0.060




	
DP2

	
1

	
1.08

	
−2.70

	
4.86

	
0.572

	
0.89

	
−1.85

	
3.63

	
0.521




	

	
2

	
1.27

	
−2.53

	
5.06

	
0.510

	
0.59

	
−2.35

	
3.52

	
0.692




	
DP3

	
1

	
−0.21

	
−3.99

	
3.57

	
0.912

	
−0.53

	
−3.27

	
2.22

	
0.704




	

	
2

	
−1.04

	
−5.17

	
3.08

	
0.617

	
−0.64

	
−3.82

	
2.55

	
0.693




	
DP4

	
1

	
−1.99

	
−5.75

	
1.78

	
0.297

	
0.08

	
−2.67

	
2.82

	
0.957




	

	
2

	
−3.76

	
−7.52

	
0.01

	
0.051

	
−0.62

	
−3.59

	
2.34

	
0.678




	
DP5

	
1

	
−0.52

	
−4.29

	
3.27

	
0.788

	
−0.27

	
−3.01

	
2.48

	
0.847




	

	
2

	
0.17

	
−3.51

	
3.84

	
0.929

	
0.00

	
−2.84

	
2.84

	
1.000








Model 1: unadjusted model; Model 2: adjusted by age, gender, BMI, group, antihypertensive drug use, daily exercise level, T2Ds, CKD, gout, hyperlipidemia, smoke status, drink status, and self-reported dietary habits (salt and fat).
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