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Abstract

:

Hypertension, a risk factor for cardiovascular disease and all-cause mortality, has been increasing. Along with emphasizing awareness and control of hypertension, predicting the incidence of hypertension is important. Several studies have previously reported prediction models of hypertension. However, among the previous models for predicting hypertension, few models reflect various risk factors for hypertension. We constructed a sex-specific prediction model using Korean datasets, which included socioeconomic status, medical history, lifestyle-related variables, anthropometric status, and laboratory indices. We utilized the data from the Korea National Health and Nutrition Examination Survey from 2011 to 2015 to derive a hypertension prediction model. Participants aged 40 years or older. We constructed a sex-specific hypertension classification model using logistic regression and features obtained by literature review and statistical analysis. We constructed a sex-specific hypertension classification model including approximately 20 variables. We estimated its performance using the Korea National Health and Nutrition Examination Survey dataset from 2016 to 2018 (AUC = 0.847 in men, AUC = 0.901 in women). The performance of our hypertension model was considered significant based on the cumulative incidence calculated from a longitudinal dataset, the Korean Genome and Epidemiology Study dataset. We developed this hypertension prediction model using features that could be collected in a clinical office without difficulty. Individualized results may alert a person at high risk to modify unhealthy lifestyles.
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1. Introduction


Approximately 1.38 billion people worldwide were estimated to have hypertension in 2010, and this prevalence is estimated to increase by more than 1.6 billion by 2025 [1]. In Korea, the prevalence of hypertension was approximately 30.5% according to the 2007–2015 Korea National Health and Nutrition Examination Survey (KNHANES) [2]. Hypertension is the leading modifiable risk factor for cardiovascular disease (CVD), chronic kidney disease, and all-cause and CVD-related mortality [3,4,5].



The three major tasks for hypertension are high blood pressure (BP) awareness, treatment, and control [6]. Awareness and well-control of hypertension vary according to the region, sex, income, and education level [1]. Globally, the proportion of awareness is low, especially in middle- and low-income countries [1]. The ratio of patients with hypertension who received treatment was less than half, and the hypertension control ratio was only 13.8% globally in 2010 [1]. Kang et al. reported that 32.7% of patients with hypertension did not perceive their status [2]. Early diagnosis or prediction of hypertension is a crucial challenge because uncontrolled or untreated hypertension is known to increase mortality [5].



Two approaches have been attempted in the early diagnosis of hypertension. The first approach is to identify the socioeconomic, biological, and medical risk factors for hypertension. Many anthropometric, lifestyle, and laboratory indices have been proposed as risk factors for hypertension [7]. Multiple studies have evaluated interventions for subjects with several risk factors, such as body weight and alcohol consumption, and reported a significant lowering of BP and the incidence of hypertension [8,9].



The other approach is the development of a prediction model that measures the combined effects of risk factors [10,11,12]. Parikh et al. established a hypertension prediction model using approximately 1700 Americans enrolled in the Framingham Heart Study and the Framingham Offspring Study cohort of USA [10]. This study identified seven risk factors by Weibull regression and created a prediction model using these variables as input features [10]. A British team (Whitehall II study) constructed a hypertension prediction model based on about 6700 UK populations [11], and adopt the seven risk factors identified by Parikh et al. [10]. A study by Paynter et al. introduced a prediction model using the Women’s Health Study cohort of approximately 14800 Americans [12]. This model included the following nine predictors: age, ethnicity, systolic BP, diastolic BP, body mass index (BMI) and laboratory indices.



Hypertension has complicated pathophysiology interrelated to the cardiovascular system, renin-angiotensin system, autonomic nervous system, and other factors [13]. However, previous hypertension prediction models used only finger-countable risk factors. Therefore, these models cannot reflect the complex bio-signature of hypertension. This limitation, caused by the selection of only a few predictors, occurred because the statistical methods for selecting features had strict criteria when curating risk factors.



In this study, we performed three main tasks. First, we attempted to employ a large number of candidate variables using a literature-based selection of risk factors from demographic, medical, anthropometric, and laboratory variables. Second, we adopted weighting values estimated by KNHANES to increase the statistical power. Third, we constructed a sex-specific prediction model using a large-scale cross-sectional cohort and externally validated the model by longitudinal data.




2. Materials and Methods


2.1. Participants


Data from 2011 to 2018 KNHANES and the community-based Korean Genome and Epidemiology Study (KoGES) were utilized. KNHANES is a nationwide cross-sectional survey that includes health status, chronic disease prevalence, and nutrition status, and it is annually conducted by the Korea Centers for Disease Control and Prevention [14]. KoGES is an ongoing cohort study established by the Korean National Institute of Health, Korea Centers for Disease Control and Prevention in 2001 [15]. It contains a health and lifestyle survey, laboratory results, and chronic disease incidence in Korean adults. The current study used KoGES data up to December 2018.



We arranged the 2011–2015 KNHANES and 2016–18 KNHANES datasets as the derivation and internal validation (IV) sets for our hypertension prediction model, respectively. The KoGES dataset was used as an external validation (EV) set. We enrolled only those over 40 years of age. We excluded individuals in both KNHANES and KoGES with incomplete data on socioeconomic status, medical history, lifestyle-related variables, anthropometric data, and laboratory indices. Specifically, participants in KoGES were excluded when they were diagnosed with hypertension or had high BP (systolic BP ≥ 140 mmHg or diastolic BP ≥ 90 mmHg) at baseline. The final number of subjects was 15,395, 10,333, and 4633 in the derivation, IV, and EV sets, respectively.



All participants provided written informed consent prior to their participation in these KNHANES and KoGES surveys and their data were processed anonymously. The present study protocol was approved by the Institutional Review Board of Wonju Severance Christian Hospital (IRB No. CR320310).




2.2. Definition of Hypertension


Both in KNHANES and KoGES, hypertension was defined according to the Seventh Report of the Joint National Committee: (1) systolic BP ≥ 140 mmHg or diastolic BP ≥ 90 mmHg [16]; (2) previous diagnosis of hypertension by a physician; and (3) receiving antihypertensive medications.




2.3. Evaluation of Variables


We included education status, which was classified as elementary, middle, and high school and university graduation. Income status was categorized into quartiles.



Diabetes mellitus was defined as follows: (1) serum fasting glucose level ≥ 126 mg/dL [17]; (2) previously diagnosed by a physician; or (3) receiving glucose-lowering medications. Dyslipidemia was included for participants receiving lipid-lowering medications, and cancer was included based on a previous diagnosis by a physician.



We classified smoking habits into three stages: non-smoker, ex-smoker, and current smoker. We defined heavy alcoholics as the weekly consumption of over 70 g of alcohol in women and over 140 g in men. Nutritional information such as daily energy intake, was investigated based on a 24-h recall. Height, body weight, and waist circumference were measured in light clothes, and the BMI was calculated as weight/height2 (kg/m2). BP was recorded three times after resting for at least 5 min in a seated position [2,18]. The average value was selected after BP was measured using an appropriately sized arm cuff and a mercury sphygmomanometer.



Blood samples were collected after fasting for at least 8 h. These samples were immediately stored in a refrigerator and analyzed within 24 h. The levels of serum fasting glucose, creatinine, and lipid profiles were measured using a model 7600 auto-analyzer (Hitachi, Tokyo, Japan) in both surveys. White blood cell (WBC) count and hemoglobin (Hb) levels were measured with XE-2100D (Sysmex, Tokyo, Japan) in the KNHANES and ADVIA 120 hematology system (Bayer Corporation, Tarrytown, NY, USA) in KoGES [2,18].




2.4. Selection of Predictors


We determined predictive risk factors using two methods, literature-based search, and statistics-based selection, as reported previously [19]. First, two physicians with experience in treating hypertension searched the literature to select the candidate risk factors. Consequently, approximately 40 risk factors were reviewed, and detailed information about the individual studies is described in the Table S1. Of the 40 risk factors, we included 19 variables, which were available in both KNHANES and KoGES.



We selected predictive candidates by backward-stepwise logistic regression (LR) after applying the weight values of the KNHANES. The weight value is a number indicating the number of people represented by the subject. When the KNHANES data was generated, this value was determined by the data constructor, considering the following factors: probabilities of selecting the participant, no-response adjustment, and post-stratification factors [20]. Therefore, the statistical results using the weight values adequately represent the Korean population. Note that the weight value was only used for the process of selecting the significant variables and constructing the prediction model. The candidate predictors, including smoking, alcohol consumption, total energy intake, fasting glucose, and triglyceride levels, were log-transformed in the feature-selection section. As the LR method has crucial limitations including multicollinearity, we used backward stepwise regression to minimize it.




2.5. Statistics


We used the Kolmogorov–Smirnov test to examine whether candidate variables, specifically continuous variables, were normally distributed. Continuous and categorical variables were analyzed based on hypertension status using Student’s t-test and Chi-square test, respectively. To test for linear trends of the candidate variables, we determined the median values of each probability quintile as continuous variables in the Chi-square test and one-way analysis of variance.



The hypertension classification model was constructed from the training dataset using an LR model. To validate the performance of the prediction model, we used the receiver-operating characteristic (ROC) curve and the area under the curve (AUC).



To address the overfitting or underfitting problems, we conducted following tasks. We used the weighted dataset (i.e., derivation dataset, KNHANES 2011–15) to establish the sex-specific hypertension classification model. We measured the prediction performance of the sex-specific model for the derivation dataset. In detail, we made 1000 datasets by bootstrapping the derivation dataset. We applied the model for the 1000 bootstrapped datasets, yielding the null distribution for the classification performance of the derivation dataset, including 1000 AUC values.



Cox regression analysis was used for the survival analysis. Statistical analysis was performed by R language (R package ver.4.0.1). Statistical significance was set at p value < 0.05.



To justify the predictors obtained from the LR model, we compared the LR model with the model based on Net Reclassification Improvement (NRI) method. For the NRI method, the determination of variables (i.e., standard variable) are needed to check whether the prediction performance is improved when a new variable is added. We set age, systolic BP, diastolic BP, smoking status, and BMI as the standard variables that were recommended by the previous study [10].



The variance importance for candidate hypertension-related features were measured using Classification And Regression Trees (CART). In detail, we implemented rpart function in rpart package to measure the degree of importance of candidate variables, and scaled the value of variance importance by following equation.


  S c a l e d   v a l u e =   o r i g i n a l   v a l u e   s u m   o f   o t h e r   v a r i a b l e ’ s   v a l u e s   × 100  













3. Results


Table 1 and Table S2 summarize the general characteristics of the derivation and IV sets based on the status of hypertension and sex, respectively. The proportion of subjects with hypertension was 45.5% in men and 40.6% in women in the derivation dataset and 48.0% in men and 40.5% in women in the IV set. The mean age of the participants in the hypertension group was older than that of those in the non-hypertension group in both the derivation and IV datasets (Table 1 and Table S2).



Participants with hypertension in both the derivation and IV sets had the following significantly different characteristics compared with those without hypertension: lower education levels, higher prevalence of chronic diseases including diabetes and dyslipidemia, lower total energy intake, higher levels of BMI and waist circumference, higher systolic BP and diastolic BP, higher serum levels of fasting glucose, creatinine, and WBC, and lower serum total cholesterol levels. The levels of income were lower and those of serum triglycerides and Hb were higher significantly in women with hypertension in both the derivation and IV datasets compared with those in women without hypertension. Furthermore, men with high BP smoked more, consumed more alcohol, and had significantly lower serum Hb levels than those without high BP in both datasets.



To screen the candidate features, we performed univariate LR by setting each predictor obtained from the literature search and binary form of hypertension status as independent and dependent variables, respectively. Consequently, we identified 19 risk factors with p-values < 0.05, which were subsequently used as candidate variables in multivariate LR in both men and women. Among those risk factors, 19 variables were all selected in Korean men (Model 2 of Table 2). In Korean women, 18 features were finally selected using backward stepwise LR except for smoking (Model 2 of Table 3). Therefore, we set 19 and 18 risk factors for hypertension as the input features in the classifying model in men and women, respectively.



We constructed a sex-specific hypertension classification model using the selected variables and LR. In our final hypertension classification model in men, the following variables were positively associated with hypertension: age, diabetes mellitus, dyslipidemia, alcohol consumption, BMI, waist circumference, systolic BP, diastolic BP, creatinine, triglycerides, and WBC levels. A negative relationship with hypertension was identified in income status, education status, cancer, smoking, total energy intake, serum fasting glucose, total cholesterol, and Hb level (Model 2 of Table 2). The results in women were similar to those in men, except for the following variables: smoking, waist circumference, serum fasting glucose, and Hb (Model 2 of Table 3).



Our model was based on the LR model that consisted of linear units (weighted sum equation) and non-linear units (referred to as activation function). In detail, non-linear units are sigmoid functions that convert the weighted sum results obtained from linear units to values ranging from zero to one as a similar form of probability. We measured the probability that subjects in the IV set had hypertension using the sex-specific model. Figure 1A,B present the receiver-operating characteristic (ROC) curve and their AUC in men and women, respectively. The classification performance for hypertension in Korean men was an AUC of 0.847 with the use of 19 risk factors. In the case of hypertension in Korean women, the performance was an AUC of 0.901 with the use of 18 risk factors.



We optimized the sex-specific hypertension classification model using the weighted samples. To check whether the model tends to be overfitting or underfitting, we measured the prediction performance of the sex-specific hypertension model for the derivation datasets. The prediction performance of IV dataset tended to be low in men (i.e., overfitting) than those of the resampled training datasets (Figure 2). In case of women, the hypertension classification model did not exhibit significant difference between performances of derivation and IV datasets.



In the KoGES dataset, subjects without hypertension or high BP at baseline were 2163 men and 2470 women. The mean follow-up duration of all the participants was 116.8 months (approximately 10 years). During the follow-up period, 847 and 855 cases of new-onset hypertension were noted in men and women, respectively. The average duration of new-onset hypertension was 79.0 months and 80.2 months in men and women, respectively. The baseline characteristics of the EV set in KoGES data are presented in the Table S3, according to the presence or absence of new-onset hypertension. The following significant variables in participants with new-onset hypertension in the EV set were similar to those in participants with hypertension in the derivation set: age, education, BMI, waist circumference, systolic BP and diastolic BP in both men and women, alcohol consumption in men, and income status, serum triglyceride levels and Hb in women. Most of these features had the same direction between the EV set and the derivation set except for serum total cholesterol levels in women. Contrary to the characteristics of the derivation set, subjects with new-onset hypertension did not differ significantly from those without hypertension in the following variables in EV data: medical history of diabetes mellitus, dyslipidemia and cancer, smoking, total energy intake, and serum levels of fasting glucose, creatinine, and WBC in both men and women.



We calculated the probability of the participants in the KoGES (EV set) being diagnosed with hypertension currently, using the sex-specific model constructed from the derivation set (KNHANES). We divided the subjects into five groups based on the increasing order of probabilities. As the increment of the probabilities in Korean men, following variables had significant characteristics: older age, lower income, lower education, higher ratios of diabetes mellitus and dyslipidemia, more alcohol consumption, higher levels of BMI, waist circumference, systolic BP and diastolic BP, higher serum levels of fasting glucose, creatinine, triglyceride, and WBC, and lower serum level of total cholesterol (Table S4). In case of Korean women, following differential characteristics were shown as the increment of probabilities: older age, lower income, lower education, higher ratio of diabetes mellitus, less alcohol consumption, less total energy intake, higher levels of BMI, waist circumference, systolic BP and diastolic BP, and higher serum levels of fasting glucose, creatinine, total cholesterol, triglyceride, WBC, and Hb (Table S5).



Figure 3 and Figure 4 illustrate the cumulative incidence of new-onset hypertension and the p-value matrix. The p values in the matrix were Bonferroni-corrected p value [(nominal p value) × 10 (5C2)]. Based on the cut-off (Bonferroni-corrected p value < 0.05), most groups significantly differed from each other except for group 2 vs. 3 and 3 vs. 4 in men.



In addition, we validated the sex-specific hypertension model by measuring the classification performances for the new-onset hypertension in KoGES dataset (EV set). Figure 5 presents the AUCs of the sex-specific hypertension prediction model for the 2-, 6-, and 10-year new-onset hypertension. The AUCs of 2-, 6-, and 10-year follow-up were 0.718, 0.726, and 0.714 in men, and 0.777, 0.792, and 0.797 in women, respectively.



We implemented NRI to identify variables contributing the classification improvement with setting age, systolic BP, diastolic BP, smoking status, and BMI as standard variables that were recommended by the previous study [10]. We established the classification model by adding a variable (e.g., dyslipidemia, WBC count, and serum creatinine level) among the candidate predictors. We iterated the above works as many as the number of the candidate predictors. Then, we selected the variable with the highest NRI values among the candidate variables. As a result, we selected 14 and 8 features in men and women, respectively (Figures S1 and S2). We compared the hypertension prediction performances obtained from the model including predictors selected by the stepwise LR with those obtained from the model consisting of features curated by the NRI method. We found that the classification performance was slightly higher in the hypertension model including predictors selected by the stepwise LR than the model composing features curated by the NRI method (Figure 6).



Using CART analysis, we selected the top 10 contributing predictors in the sex-specific hypertension classification model. In the model for Korean men, the top three predictors were age, dyslipidemia, and systolic BP based on the variance importance. In case of Korean women, age, education, and systolic BP were the top three contributors. Age, dyslipidemia, systolic and diastolic BPs, education level, serum creatinine level, and waist circumference were top contributors for the hypertension classification in common between Korean men and women (Figures S3 and S4).




4. Discussion


We identified predictors using literature reviews and statistical methods for our hypertension classification model. The predictors included approximately 20 features that could reflect various pathophysiological aspects of hypertension. The hypertension classification model using the features extracted from the 2011–2015 KNHANES dataset accurately classified participants with hypertension in the 2016–2018 KNHANES dataset (IV set). Furthermore, we externally validated this model by predicting participants with new-onset hypertension in the longitudinal set (KoGES). A hypertension risk score model from the Framingham Heart Study had an AUC of 0.788 [10]. The KoGES model by Lim et al. resulted in AUCs of 0.791 and 0.790 via coefficient- and point-based scores, respectively [21]. A hypertension prediction model from the Atherosclerosis Risk in Communities Study and the Cardiovascular Health Study proposed AUCs of 0.751–0.754 for 3 years of follow-up and 0.773–0.776 for 9 years of follow-up [22]. Our model had AUCs of 0.847 and 0.901 in men and women for IV set, respectively, which are comparable with the performances of the other models.



For the input features of our model, we used 19 and 18 variables in men and women, respectively. The pathophysiology of hypertension is complicated [13]; therefore, diverse risk factors of hypertension have been reported (Table S1). However, in previous studies, finger-countable clinical variables were included in the prediction models as a result of strict feature-selection methods [10,11,21,22]. Considering the results of our analysis, several variables in the longitudinal data (KoGES) demonstrated insignificant differences between participants with and those without hypertension. If we used the KoGES dataset to establish a prediction model with low statistical power (Table S3), approximately 10 or fewer variables are expected to be selected, which is consistent with other prediction models [10,11,21,22]. To overcome this limitation, we used a large-scale cross-sectional study with weighted values instead of a relatively small longitudinal study. Consequently, we used approximately 20 various features that covered the socioeconomic status, medical history, lifestyle-related variables, anthropometric, and laboratory indices in the present study. Therefore, our prediction model included various pathophysiological aspects of hypertension. Furthermore, these variables can be easily collected in the clinical setting; therefore, physicians can apply this classification model in both real hospital-based and epidemiological studies.



Although several hypertension prediction models have been proposed, only a few studies have used sex-specific models [23,24,25]. Epidemiological studies have reported significant inter-sex differences in the prevalence and incidence of hypertension [26,27]. Considering the underlying mechanism of hypertension, women might have different hormonal effects compared to men in the development of hypertension, such as estrogen. Therefore, we constructed a sex-specific hypertension prediction model.



In our final hypertension classification model, convergent results with those of previous studies were observed in age and systolic BP in both men and women [10,11,21,22]. However, inconsistent associations with those of other studies were proposed in several variables, including smoking [10,11,21,22]. Smoking is a risk factor for cardiovascular disease [28], and a previous study demonstrated that it increases acute BP and pulse rate [29]. However, some researchers have reported that BP in current smokers was not significantly higher than that in non-smokers [30,31]. Furthermore, Primatesta et al. suggested that smoking is involved in BP in association with other factors such as alcohol consumption and BMI [30], rather than being an independent risk factor. In Table 1, alcohol consumption in women was significantly lower in hypertensive group than in non-hypertensive group, as well as total energy intake and serum levels of total cholesterol in both men and women. The identical results of total energy intake and serum levels of total cholesterol were presented in both men and women in Table S2. The ambiguous causal relationship between hypertension and lifestyle indices derived from the analysis of the cross-sectional dataset might result in inconsistent or controversial findings, similar to our results.



There are several limitations to the present study. First, the dataset used for the prediction model was from a cross-sectional study. We utilized this dataset for two reasons: to include a large population and weighted values that were estimated by the data constructors. To overcome this limitation, we attempted to validate this model using a longitudinal dataset. Lee at al. [19] reported a study which created a suicide prediction model using a nationwide cross-sectional data, the Korea Youth Risk Behaviour Web-based Survey (KYRBS). In this study, authors selected 13 predictors by the statistical method of LR, and the resulting performance was an AUC of 0.85. Second, our results were only derived from the Korean population, thus yielding biased results for a specific ethnic group. Application of this model to different countries, races, or cultures may be difficult. Third, we implemented the LR algorithm as a classification model. LR consists of a weighted sum unit and a non-linear unit (sigmoid function) and has some crucial limitations, such as multicollinearity and inability to represent complex data. We used backward stepwise regression to minimize multicollinearity (Table 2 and Table 3). Furthermore, this method has been called a “shallow classifier” owing to its inability to represent complex data [32]. Consequently, deep learning can be used for prediction models that include a lot of input variables.



In conclusion, we proposed a hypertension risk model utilizing Korean datasets, which included data regarding risk factors that could be collected in clinical offices without difficulty. Physicians can utilize this model to predict the probability of hypertension in individuals and counsel high-risk individuals to modify their lifestyle and manage their diseases.








Supplementary Materials


The following are available online at https://www.mdpi.com/article/10.3390/jpm11100968/s1, Table S1: References in the literature-based search for variables, Table S2: General characteristics of internal validation dataset (KNHANES 2016–18), Table S3: Baseline characteristics of external validation dataset (KoGES). Table S4. Baseline characteristics of external validation dataset (KoGES) by quintiles of hypertension probabilities in Korean men. Table S5. Baseline characteristics of external validation dataset (KoGES) by quintiles of hypertension probabilities in Korean women. Figure S1. Predictors for Korean men selected by NRI method. Figure S2. Predictors for Korean women selected by NRI method. Figure S3. CART analysis flowchart. Figure S4. Variance importance of the sex-specific hypertension classification model measured by CART method. (A) Men (B) Women.





Author Contributions


M.-J.S. and J.-K.K.: Conceptualization, investigation, analysis and interpretation; M.-J.S.: writing—original draft preparation; S.-G.A., Y.-J.L. and J.-K.K.: writing—review and editing, supervision. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the Institutional Review Board of Wonju Severance Christian Hospital (IRB No. CR320310).




Informed Consent Statement


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




Data Availability Statement


The data of KNHANES is publicly available at https://knhanes.kdca.go.kr/knhanes/eng/index.do, accessed on 7 April 2020, and the data of KoGES can be provided after evaluation of research plan by the Korea National Institute of Health, Korea Centers for Disease Control and Prevention (http://www.nih.go.kr/contents.es?mid=a50401010100, accessed on 21 April 2020).




Acknowledgments


Data in this study were from the Korea National Health and Nutrition Examination Survey (KNHANES) and from the Korean Genome and Epidemiology Study (KoGES; 4851-302). National Research Institute of Health, Centers for Disease Control and Prevention, Ministry for Health and Welfare, Republic of Korea.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Mills, K.T.; Bundy, J.D.; Kelly, T.N.; Reed, J.E.; Kearney, P.M.; Reynolds, K.; Chen, J.; He, J. Global disparities of hypertension prevalence and control: A systematic analysis of population-based studies from 90 countries. Circulation 2016, 134, 441–450. [Google Scholar] [CrossRef] [PubMed]

	



Kang, S.H.; Kim, S.H.; Cho, J.H.; Yoon, C.H.; Hwang, S.S.; Lee, H.Y.; Youn, T.J.; Chae, I.H.; Kim, C.H. Prevalence, awareness, treatment, and control of hypertension in Korea. Sci. Rep. 2019, 9, 10970. [Google Scholar] [CrossRef]

	



Kjeldsen, S.E. Hypertension and cardiovascular risk: General aspects. Pharmacol. Res. 2018, 129, 95–99. [Google Scholar] [CrossRef]

	



Ku, E.; Lee, B.J.; Wei, J.; Weir, M.R. Hypertension in CKD: Core Curriculum 2019. Am. J. Kidney Dis. 2019, 74, 120–131. [Google Scholar] [CrossRef]

	



Zhou, D.; Xi, B.; Zhao, M.; Wang, L.; Veeranki, S.P. Uncontrolled hypertension increases risk of all-cause and cardiovascular disease mortality in US adults: The NHANES III Linked Mortality Study. Sci. Rep. 2018, 8, 9418. [Google Scholar] [CrossRef] [PubMed]

	



NCD Risk Factor Collaboration (NCD-RisC). Long-term and recent trends in hypertension awareness, treatment, and control in 12 high-income countries: An analysis of 123 nationally representative surveys. Lancet 2019, 394, 639–651. [Google Scholar] [CrossRef]

	



Singh, S.; Shankar, R.; Singh, G.P. Prevalence and associated risk factors of hypertension: A cross-sectional study in urban Varanasi. Int. J. Hypertens. 2017, 2017, 5491838. [Google Scholar] [CrossRef]

	



Appel, L.J.; Brands, M.W.; Daniels, S.R.; Karanja, N.; Elmer, P.J.; Sacks, F.M. Dietary approaches to prevent and treat hypertension: A scientific statement from the American Heart Association. Hypertension 2006, 47, 296–308. [Google Scholar] [CrossRef]

	



Nakanishi, N.; Yoshida, H.; Nakamura, K.; Suzuki, K.; Tatara, K. Alcohol consumption and risk for hypertension in middle-aged Japanese men. J. Hypertens. 2001, 19, 851–855. [Google Scholar] [CrossRef]

	



Parikh, N.I.; Pencina, M.J.; Wang, T.J.; Benjamin, E.J.; Lanier, K.J.; Levy, D.; D’Agostino, R.B.; Kannel, W.B.; Vasan, R.S. A risk score for predicting near-term incidence of hypertension: The Framingham Heart Study. Ann. Intern. Med. 2008, 148, 102–110. [Google Scholar] [CrossRef]

	



Kivimaki, M.; Batty, G.D.; Singh-Manoux, A.; Ferrie, J.E.; Tabak, A.G.; Jokela, M.; Marmot, M.G.; Smith, G.D.; Shipley, M.J. Validating the Framingham hypertension risk score: Results from the Whitehall II Study. Hypertension 2009, 54, 496–501. [Google Scholar] [CrossRef] [PubMed]

	



Paynter, N.P.; Cook, N.R.; Everett, B.M.; Sesso, H.D.; Buring, J.E.; Ridker, P.M. Prediction of incident hypertension risk in women with currently normal blood pressure. Am. J. Med. 2009, 122, 464–471. [Google Scholar] [CrossRef] [PubMed]

	



Beevers, G.; Lip, G.Y.; O’Brien, E. ABC of hypertension: The pathophysiology of hypertension. BMJ 2001, 322, 912–916. [Google Scholar] [CrossRef] [PubMed]

	



Kweon, S.; Kim, Y.; Jang, M.J.; Kim, Y.; Kim, K.; Choi, S.; Chun, C.; Khang, Y.H.; Oh, K. Data resource profile: The Korea National Health and Nutrition Examination Survey (KNHANES). Int. J. Epidemiol. 2014, 43, 69–77. [Google Scholar] [CrossRef]

	



Kim, Y.; Han, B.G. Cohort Profile: The Korean Genome and Epidemiology Study (KoGES) Consortium. Int. J. Epidemiol. 2017, 46, e20. [Google Scholar] [CrossRef] [PubMed]

	



Chobanian, A.V.; Bakris, G.L.; Black, H.R.; Cushman, W.C.; Green, L.A.; Izzo, J.L., Jr.; Jones, D.W.; Materson, B.J.; Oparil, S.; Wright, J.T., Jr.; et al. The seventh report of the joint national committee on prevention, detection, evaluation, and treatment of high blood pressure: The JNC 7 report. JAMA 2003, 289, 2560–2572. [Google Scholar] [CrossRef] [PubMed]

	



Pippitt, K.; Li, M.; Gurgle, H.E. Diabetes mellitus: Screening and diagnosis. Am. Fam. Physician 2016, 93, 103–109. [Google Scholar] [PubMed]

	



Cho, N.H.; Kim, K.M.; Choi, S.H.; Park, K.S.; Jang, H.C.; Kim, S.S.; Sattar, N.; Lim, S. High blood pressure and its association with incident diabetes over 10 years in the Korean Genome and Epidemiology Study (KoGES). Diabetes Care 2015, 38, 1333–1338. [Google Scholar] [CrossRef] [PubMed]

	



Lee, J.; Jang, H.; Kim, J.; Min, S. Development of a suicide index model in general adolescents using the South Korea 2012-2016 national representative survey data. Sci. Rep. 2019, 9, 1846. [Google Scholar] [CrossRef]

	



Kim, Y. The Korea National Health and Nutrition Examination Survey (KNHANES): Current status and challenges. Epidemiol. Health 2014, 36, e2014002. [Google Scholar] [CrossRef]

	



Lim, N.K.; Son, K.H.; Lee, K.S.; Park, H.Y.; Cho, M.C. Predicting the risk of incident hypertension in a Korean middle-aged population: Korean genome and epidemiology study. J. Clin. Hypertens. 2013, 15, 344–349. [Google Scholar] [CrossRef] [PubMed]

	



Kshirsagar, A.V.; Chiu, Y.L.; Bomback, A.S.; August, P.A.; Viera, A.J.; Colindres, R.E.; Bang, H. A hypertension risk score for middle-aged and older adults. J. Clin. Hypertens. 2010, 12, 800–808. [Google Scholar] [CrossRef] [PubMed]

	



Chen, Y.; Wang, C.; Liu, Y.; Yuan, Z.; Zhang, W.; Li, X.; Yang, Y.; Sun, X.; Xue, F.; Zhang, C. Incident hypertension and its prediction model in a prospective northern urban Han Chinese cohort study. J. Hum. Hypertens. 2016, 30, 794–800. [Google Scholar] [CrossRef] [PubMed]

	



Zhang, W.; Wang, L.; Chen, Y.; Tang, F.; Xue, F.; Zhang, C. Identification of hypertension predictors and application to hypertension prediction in an urban Han Chinese population: A longitudinal study, 2005–2010. Prev. Chronic Dis. 2015, 12, E184. [Google Scholar] [CrossRef]

	



Bozorgmanesh, M.; Hadaegh, F.; Mehrabi, Y.; Azizi, F. A point-score system superior to blood pressure measures alone for predicting incident hypertension: Tehran Lipid and Glucose Study. J. Hypertens. 2011, 29, 1486–1493. [Google Scholar] [CrossRef]

	



Hajjar, I.; Kotchen, T.A. Trends in prevalence, awareness, treatment, and control of hypertension in the United States, 1988-2000. JAMA 2003, 290, 199–206. [Google Scholar] [CrossRef]

	



Di Giosia, P.; Giorgini, P.; Stamerra, C.A.; Petrarca, M.; Ferri, C.; Sahebkar, A. Gender differences in epidemiology, pathophysiology, and treatment of hypertension. Curr. Atheroscler. Rep. 2018, 20, 13. [Google Scholar] [CrossRef] [PubMed]

	



Jonas, M.A.; Oates, J.A.; Ockene, J.K.; Hennekens, C.H. Statement on smoking and cardiovascular disease for health care professionals. American Heart Association. Circulation 1992, 86, 1664–1669. [Google Scholar] [CrossRef] [PubMed]

	



Tuomilehto, J.; Elo, J.; Nissinen, A. Smoking among patients with malignant hypertension. Br. Med. J. (Clin. Res. Ed.) 1982, 284, 1086. [Google Scholar] [CrossRef] [PubMed]

	



Primatesta, P.; Falaschetti, E.; Gupta, S.; Marmot, M.G.; Poulter, N.R. Association between smoking and blood pressure: Evidence from the health survey for England. Hypertension 2001, 37, 187–193. [Google Scholar] [CrossRef]

	



Berglund, G.; Wilhelmsen, L. Factors related to blood pressure in a general population sample of Swedish men. Acta Med. Scand. 1975, 198, 291–298. [Google Scholar] [CrossRef] [PubMed]

	



LeCun, Y.; Bengio, Y.; Hinton, G. Deep learning. Nature 2015, 521, 436–444. [Google Scholar] [CrossRef] [PubMed]








[image: Jpm 11 00968 g001 550] 





Figure 1. Receiver-operating characteristic curves for the sex-specific hypertension prediction model using KNHANES dataset from 2016 to 2018. (A) Men (AUC = 0.847) (B) Women (AUC = 0.901). Abbreviations: KNHANES, Korea National Health and Nutrition Examination Survey; ROC, receiver-operating characteristic; PR, precision-recall; AUC, area under the curve; TPR, true positive rate; FPR, false-positive rate. 
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Figure 2. Classification performance of the sex-specific hypertension classification model. A boxplot includes 1000 bootstrapped derivation datasets (i.e., KNHANES 2011–2015). Red points indicate the classification performance obtained from the internal validation dataset (i.e., KNHANES 2016–2018). Abbreviations: AUC, area under the curve; KNHANES, Korea National Health and Nutrition Examination Survey. 
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Figure 3. (A) Difference in cumulative incidences of new-onset hypertension between the five groups divided according to the expected probabilities in men in the KoGES study. (B) p-value matrix. Abbreviations: KM, Kaplan–Meier; KoGES, Korean Genome and Epidemiology Study; Q, Quintile. 
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Figure 4. (A) Difference in cumulative incidences of new-onset hypertension between five groups divided according to the expected probabilities in women in the KoGES study. (B) p-value matrix. Abbreviations: KM, Kaplan–Meier; KoGES, Korean Genome and Epidemiology Study; Q, Quintile. 
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Figure 5. ROC curves for the sex-specific hypertension prediction model using KoGES dataset. (A) New-onset HTN during 2-year follow-up (AUC = 0.718), 6-year follow-up (AUC = 0.726), and 10-year follow-up (AUC = 0.714) in Men. (B) New-onset HTN during 2-year follow-up (AUC = 0.777), 6-year follow-up (AUC = 0.792), and 10-year follow-up (AUC = 0.797) in women. Abbreviations: ROC, receiver-operating characteristic; KoGES, Korean Genome and Epidemiology Study; AUC, area under the curve; HTN, hypertension; TPR, true positive rate; FPR, false-positive rate. 
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Figure 6. Classification performances of the sex-specific hypertension classification models consisting of predictors selected by stepwise LR and NRI using KNHANES and KoGES datasets. (A) Men (B) Women. Abbreviations: LR, logistic regression; NRI, net reclassification improvement; KNHANES, Korea National Health and Nutrition Examination Survey; KoGES, Korean Genome and Epidemiology Study; AUC, area under the curve; HTN, hypertension. 
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Table 1. General characteristics of derivation dataset (KNHANES 2011–15).
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Derivation Dataset (KNHANES 2011–15) n = 15,395




	
Men

	
Women




	
Non-Hypertension

	
Hypertension

	
p Value

	
Non-Hypertension

	
Hypertension

	
p Value




	
n = 3472

	
n = 2900

	

	
n = 5364

	
n = 3659

	






	
Age, years

	
57.5 ± 0.18

	
63 ± 0.19

	
<0.001

	
55 ± 0.14

	
64.8 ± 0.16

	
<0.001




	
Income, n

	

	

	
0.788

	

	

	
<0.001




	
1st quartile

	
798 (23)

	
690 (23.8)

	

	
1244 (23.2)

	
928 (25.4)

	




	
2nd quartile

	
893 (25.7)

	
767 (26.4)

	

	
1279 (23.8)

	
999 (27.3)

	




	
3rd quartile

	
841 (24.2)

	
747 (25.8)

	

	
1380 (25.7)

	
891 (24.4)

	




	
4th quartile

	
940 (27.1)

	
696 (24)

	

	
1461 (27.2)

	
841 (23)

	




	
Education, n

	

	

	
<0.001

	

	

	
<0.001




	
Elementary school

	
731 (21.1)

	
850 (29.3)

	

	
1519 (28.3)

	
2206 (60.3)

	




	
Middle school

	
510 (14.7)

	
486 (16.8)

	

	
757 (14.1)

	
534 (14.6)

	




	
High school

	
1116 (32.1)

	
938 (32.3)

	

	
1934 (36.1)

	
681 (18.6)

	




	
University

	
1115 (32.1)

	
626 (21.6)

	

	
1154 (21.5)

	
238 (6.5)

	




	
Diabetes mellitus, n

	
462 (13.3)

	
743 (25.6)

	
<0.001

	
365 (6.8)

	
823 (22.5)

	
<0.001




	
Dyslipidemia, n

	
149 (4.3)

	
443 (15.3)

	
<0.001

	
370 (6.9)

	
838 (22.9)

	
<0.001




	
Cancer, n

	
125 (3.6)

	
92 (3.2)

	
0.385

	
249 (4.6)

	
185 (5.1)

	
0.394




	
Smoking, pack-years

	
20.4 ± 0.34

	
21.9 ± 0.39

	
0.004

	
0.6 ± 0.05

	
0.8 ± 0.08

	
0.073




	
Alcohol consumption, g/week

	
99.7 ± 2.66

	
122.5 ± 3.16

	
<0.001

	
17.2 ± 0.77

	
13.5 ± 0.9

	
0.001




	
Total energy intake, kcal

	
2348.1 ± 16.33

	
2189.6 ± 15.68

	
<0.001

	
1725.7 ± 9.26

	
1582.8 ± 10.16

	
<0.001




	
BMI, kg/m2

	
23.6 ± 0.05

	
24.6 ± 0.06

	
<0.001

	
23.4 ± 0.04

	
25 ± 0.06

	
<0.001




	
Waist circumference, cm

	
84 ± 0.14

	
87.4 ± 0.16

	
<0.001

	
78.7 ± 0.12

	
84 ± 0.15

	
<0.001




	
Systolic BP, mmHg

	
115.5 ± 0.19

	
133.1 ± 0.31

	
<0.001

	
113 ± 0.17

	
134.8 ± 0.28

	
<0.001




	
Diastolic BP, mmHg

	
75 ± 0.14

	
80.6 ± 0.23

	
0.001

	
72.5 ± 0.1

	
78.5 ± 0.19

	
<0.001




	
FPG, mg/dL

	
102.8 ± 0.42

	
109.3 ± 0.5

	
<0.001

	
96.8 ± 0.28

	
105.5 ± 0.42

	
<0.001




	
Creatinine, mg/dL

	
0.99 ± 0.0027

	
1.01 ± 0.0098

	
<0.001

	
0.7 ± 0.0021

	
0.8 ± 0.0052

	
<0.001




	
Total cholesterol, mg/dL

	
190.9 ± 0.59

	
182.9 ± 0.67

	
<0.001

	
198 ± 0.48

	
195.5 ± 0.63

	
0.001




	
Triglyceride, mg/dL

	
152.8 ± 2.12

	
165.2 ± 2.33

	
0.762

	
117.7 ± 0.98

	
144 ± 1.49

	
<0.001




	
WBC, thousand/μL

	
6.4 ± 0.03

	
6.6 ± 0.03

	
<0.001

	
5.6 ± 0.02

	
6.1 ± 0.03

	
<0.001




	
Hb, g/dL

	
15.1 ± 0.02

	
14.9 ± 0.03

	
<0.001

	
13.1 ± 0.02

	
13.2 ± 0.02

	
<0.001








Continuous variables are presented as mean ± standard error, and categorical variables are presented as numbers (percentage, %). Abbreviations: KNHANES, Korea National Health and Nutrition Examination Survey; BMI, body mass index; BP, blood pressure; FPG, fasting plasma glucose; WBC, white blood cells; Hb, hemoglobin.
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Table 2. Risk factors for hypertension selected by backward-stepwise logistic regression in Korean men.
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Model 1

(Univariate LR)

	
Model 2

(Multivariate LR)




	
OR (95% CI)

	
OR (95% CI)






	
Age (years)

	
1.047 (1.047–1.047)

	
1.065 (1.065–1.066)




	
Income status (Ref: Q1)

	
0.975 (0.972–0.978)

	
0.94 (0.936–0.944)




	
Education status (Ref: Elementary)

	
0.782 (0.78–0.784)

	
0.961 (0.956–0.965)




	
Diabetes mellitus

	
2.237 (2.218–2.257)

	
1.494 (1.469–1.519)




	
Dyslipidemia

	
4.086 (4.032–4.14)

	
4.398 (4.324–4.474)




	
Cancer

	
0.937 (0.918–0.957)

	
0.633 (0.616–0.651)




	
Smoking (pack-years)

	
1.038 (1.037–1.04)

	
0.957 (0.955–0.96)




	
Alcohol consumption (g/week)

	
1.072 (1.071–1.073)

	
1.077 (1.075–1.079)




	
Total energy intake (kcal)

	
0.792 (0.788–0.797)

	
0.939 (0.931–0.947)




	
BMI (kg/m2)

	
1.139 (1.138–1.141)

	
1.087 (1.084–1.09)




	
Waist circumference (cm)

	
1.052 (1.051–1.052)

	
1.013 (1.012–1.014)




	
Systolic BP (mmHg)

	
1.117 (1.116–1.117)

	
1.091 (1.091–1.092)




	
Diastolic BP (mmHg)

	
1.083 (1.083–1.084)

	
1.065 (1.065–1.066)




	
FPG (mg/dL)

	
2.886 (2.851–2.92)

	
0.86 (0.84–0.879)




	
Creatinine (mg/dL)

	
4.368 (4.281–4.456)

	
6.453 (6.28–6.63)




	
Total cholesterol (mg/dL)

	
0.996 (0.995–0.996)

	
0.993 (0.993–0.993)




	
Triglyceride (mg/dL)

	
1.251 (1.246–1.256)

	
1.094 (1.087–1.1)




	
WBC (thousand/μL)

	
1.076 (1.074–1.078)

	
1.076 (1.073–1.079)




	
Hb (g/dL)

	
0.964 (0.961–0.966)

	
0.86 (0.856–0.863)








Abbreviations: BMI, body mass index; BP, blood pressure; FPG, fasting plasma glucose; WBC, white blood cells; Hb, hemoglobin; LR, logistic regression; OR, odds ratio; CI, confidence interval.
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Table 3. Risk factors for hypertension selected by backward-stepwise logistic regression in Korean women.
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Model 1

(Univariate LR)

	
Model 2

(Multivariate LR)




	
OR (95% CI)

	
OR (95% CI)






	
Age (years)

	
1.094 (1.093–1.094)

	
1.064 (1.063–1.065)




	
Income status (Ref: Q1)

	
0.933 (0.93–0.936)

	
0.991 (0.987–0.995)




	
Education status (Ref: Elementary)

	
0.495 (0.494–0.497)

	
0.868 (0.864–0.873)




	
Diabetes mellitus

	
4.024 (3.984–4.064)

	
1.798 (1.766–1.831)




	
Dyslipidemia

	
4.191 (4.149–4.234)

	
2.68 (2.643–2.717)




	
Cancer

	
1.143 (1.126–1.161)

	
0.945 (0.926–0.965)




	
Smoking (pack-years)

	
0.997 (0.993–1.001)

	
-




	
Alcohol consumption (g/week)

	
0.914 (0.913–0.915)

	
1.019 (1.017–1.021)




	
Total energy intake (kcal)

	
0.691 (0.688–0.695)

	
0.938 (0.93–0.945)




	
BMI (kg/m2)

	
1.165 (1.164–1.166)

	
1.104 (1.101–1.107)




	
Waist circumference (cm)

	
1.068 (1.068–1.068)

	
0.991 (0.99–0.992)




	
Systolic BP (mmHg)

	
1.117 (1.117–1.118)

	
1.09 (1.09–1.091)




	
Diastolic BP (mmHg)

	
1.083 (1.082–1.083)

	
1.044 (1.043–1.045)




	
FPG (mg/dL)

	
6.414 (6.324–6.505)

	
1.192 (1.165–1.22)




	
Creatinine (mg/dL)

	
6.207 (6.053–6.365)

	
4.679 (4.522–4.842)




	
Total cholesterol (mg/dL)

	
0.999 (0.999–0.999)

	
0.995 (0.995–0.995)




	
Triglyceride (mg/dL)

	
1.734 (1.726–1.741)

	
1.109 (1.102–1.116)




	
WBC (thousand/μL)

	
1.18 (1.178–1.182)

	
1.064 (1.061–1.067)




	
Hb (g/dL)

	
1.149 (1.146–1.153)

	
1.013 (1.009–1.017)








Abbreviations: BMI, body mass index; BP, blood pressure; FPG, fasting plasma glucose; WBC, white blood cells; Hb, hemoglobin; LR, logistic regression; OR, odds ratio; CI, confidence interval.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
0.90 A

3
S 0.88 |

0.86 -

Women






nav.xhtml


  jpm-11-00968


  
    		
      jpm-11-00968
    


  




  





media/file2.png
(A) Men (KNHANES)

TPR

1.0

0.4 0.6 0.8

0.2

0.0

AUC = 0.8470329

| ROC curve

(B) Women (KNHANES)

TPR

0.2 0.4 0.6 0.8 1.0

0.0

AUC = 0.900785

| ROC curve

—
—
—

Precision
0.4

Precision
0.4

1.0

0.8

0.6

0.2

0.0

1.0

0.8

0.6

0.2

0.0

AUC = 0.8424368

PR curve
| [ | | | |
0.0 0.2 0.4 06 0.8 1.0
Recall
AUC =0.8627219

PR curve
| | | [ | |
0.0 0.2 04 0.6 08 1.0
Recall






media/file5.jpg
(A) KM curve in Korean men (KOGES)
Svata - Q1 - G2 4 Q3 4 04 4 05

100}

Cumutative event.

o)
e

433

an

s

olis e
oifiz s 3
osla 3 o

]

7

Nonth

g

35 s 29 27

3

2
7

m

2

e w20
w23 m

i

3
Hontn

(®) Mati fo Bonferonicorecied Paalve

610

T
&

7
e

3

Number of subjects without hypertension

118
s

£

&

T

83:107]

L0310

L7910°

42210

1054107)

09710

45510

0110"

as310]






media/file3.jpg
0.90

0.88

AUCs

0.86

Men

‘Women






media/file1.jpg
(A) Men (KNHANES)

AUC =0.8470329 AUC = 08424368
= 7| roc curve ® PReurvel
B ]
00 02 04 05 o8 10 00 02 04 05 08 10
FoR Recal
() Women (KNHANES)
AUC =0.300785 AUC = 0.8627219
e e
= | roc curve = PReurve,
2 3
3 §3
t i
00 02 o4 05 o8 10 0 02 o4 08 08 10
FPR preoy





media/file7.jpg
(A) KM curve in Korean women (KOGES)
Svas Q1+ 02 - @3 - Q4 4 05

025

T T
Nontn

Number of subjects without hypertension

o4 4g0 w47 a2 405 36 I3 2
a1 G o7 ses s e s
olise ws wr o ue I w15
oifiss a0 s 3 s s 2 %
celiss 30 7 % tmw 135 10 6

stata

@ @ : % e W

Hontn

ST
Lq
o

0110448 84x10°|
41:1041.06+10 {1 16+10°]






media/file10.png
(A)

TPR

0.8

0.4

0.0

(B)

TPR

0.8

0.4

0.0

New-onset HTN (2 years)
AUC =0.7181588
B I | | | | |
00 02 04 06 08 10
FPR
New-onset HTN (2 years)
AUC =0.7770314
N I | | | | |
00 02 04 06 08 10

0.8

0.4

0.0

0.8

0.4

0.0

New-onset HTN (6 years)

AUC =0.7258668
_I | | | | |
00 02 04 06 08 10
FPR
New-onset HTN (6 years)
AUC =0.7920618
_I | | | | |
00 02 04 06 08 10
FPR

0.8

0.4

0.0

0.8

0.4

0.0

New-onset HTN (10 years)
AUC =0.7142573

00 02 04 06 08 10
FPR
New-onset HTN (10 years)
AUC =0.7971832
—I I I | | |
00 02 04 06 08 10
FPR





media/file12.png
A .
(A) - Predictors from LR E Predictors from NRI

0.900 -~ 0.80 4
0.875 - 0.754
@
D 0.850 - 0.70 4
<
0.825 - 0.654
0.800 - 0.60 A
KNHANES New-onset HTN New-onset HTN New-onset HTN
(2 years) (6 years) (10 years)
(B) 0.900 - 0.80 4
0.875 - 0.754
O
- 0.850 1 0.704
<
0.825 - 0.654
0.800 - 0.60 4
KNHANES New-onset HTN New—-onset HTN New-onset HTN

(2 years) (6 years) (10 years)





media/file9.jpg
@

New-onset HTN (2 years) New-onset HTN (6 years) New-onset HTN (10 years)
AU =07181568 AIC 207258668
0 02 04 06 08 10 00 02 04 06 08 10 00 02 04 06 08 10
Ll New-onset HTN (2 years) New-onset HTN (6 years) New-onset HTN (10 years)
AUC =070 UG =07520618 A =07971832
2 H £
G 02 04 06 08 10 00 02 04 06 05 10 00 02 04 06 08 10

- . SN





media/file0.png





media/file8.png
(A) KM curve in Korean women (KoGES)
Strata Q1 == Q2 - Q3 == Q4 == Q5

1.00

0.751

0.50+

Cumulative event

0.25-

0.00-

0 24 48 72 96 120 144 168 192
Month

Number of subjects without hypertension

1494 469 447 425 405 386 373 223
1494 451 424 407 388 358 336 193
1494 445 407 379 349 311 273 151
1494 429 383 335 294 246 221 133

Strata
00 0O

(€2 I SOV I

1494 368 287 236 189 135 110 61
0 24 48 72 96 120 144 168 192
Month

(B) Matrix for Bonferroni-corrected P-value

1.2x10%

7.67x10%47.74x10YY
7.73x10°92.01x10338.84x10®

1.58x10°6/3.41x10#41.06x102/1.16x1015






media/file11.jpg
L [ Precictors fom LR [ Predictors fom NRI

080

S osso]
oso0]
® os0]
ors]
o .
8 o] an|






media/file6.png
(A) KM curve in Korean men (KoGES)
Q1 == Q2 = Q3 == Q4 == Q5

Strata

1.00-

0.751

0.501

Cumulative event

0.251

0.001

24

48

72

96

120 144

Month
Number of subjects without hypertension

168 192

1433 407 371 355 324 289 276 118
®© 024432 400 362 337 311 271 246 113
$03{433 382 334 311 279 237 210 93
" Q4{432 366 311 280 243 201 178 74
Q5{433 339 258 217 169 134 116 60
0 24 48 72 96 120 144 168 192
Month

(B) Matrix for Bonferroni-corrected P-value

Q1

» | o [ri]

Q2

6x10*

8.83x10*

1.03x102

1.79x10%

5.42x101

1.05x10%

3.09x10~1

3.45x103!

3.60x10"7

4.93x107






