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Objective

The exact relationship between the serum uric acid-to-HDL cholesterol ratio (UHR) and mortality rates remains enigmatic among American adults. This study aims to clarify the association between UHR and both all-cause and cardiovascular disease (CVD) mortality in US adults.





Methods

This study enrolled 48054 patients from the National Health and Nutrition Examination Survey (NHANES). Mortality outcomes were determined by linking to National Death Index (NDI) records up to December 31,2019. Multivariate Cox proportional hazards models were constructed to analyze explore the associations between UHR and mortality. Dose-response relationships were explored using restricted cubic splines, and stratified analyses were conducted based on gender, age, race, education, PIR, smoking status, alcohol intake, physical activity, BMI, diabetes and hypertension.





Results

During the follow-up period, the overall mortality for all-cause and CVD was 10.9% and 2.7%, respectively. The adjusted HRs in the highest quintile were 1.16 (95% CI: 1.05, 1.29) for all-cause mortality and 1.2 (95% CI: 1, 1.45) for CVD mortality. In diabetes, obese, and CVD subgroups, significantly elevated adjusted HRs were observed for both all-cause and CVD mortality. Specifically, diabetes patients had adjusted HRs of 1.32 (95% CI: 1.11, 1.57) and 1.38 (95% CI: 1.01, 1.90), obese individuals had HRs of 1.32 (95% CI: 1.10, 1.58) and 1.55 (95% CI: 1.06, 2.28), and CVD patients had HRs of 1.29 (95% CI: 1.10, 1.50) and 1.38 (95% CI: 1.06, 1.79), respectively. A non-linear relationship between UHR and mortality was identified, with critical thresholds of 12.4 for all-cause mortality and 10.7 for CVD mortality in the general population. Significant interactions were observed between UHR and stratified variables, including gender, BMI, education, smoking, alcohol use, and hypertension for all-cause mortality, while significant interactions were observed based on gender, smoking, and alcohol intake for CVD mortality. Comparable trends were also observed in patient with diabetes, obese and CVD.





Conclusions

In this cohort study, we provide novel insights into the association between serum UHR concentrations and mortality in the general population. UHR is a strong predictor of all-cause and cardiovascular mortality in the general population.
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Background

Cardiovascular disease (CVD), the foremost cause of mortality globally, remains a formidable barrier to public health (1, 2). Despite remarkable treatment breakthroughs, patients with CVD still grapple with persistent recurrences (3), maintaining a stubbornly high mortality rate (1). Unraveling the prognostic factors for CVD patients offers a promising avenue to significantly reduce the global mortality burden, particularly cardiovascular mortality. Ideally, prognostic factors should be independently identifiable, cost-effective, and seamlessly integrated into clinical practice for enhanced prognostic precision and patient care.

In clinical practice, serum uric acid (UA) (4–9) and high-density lipoprotein cholesterol (HDL-C) (10–12) have been linked to cardiovascular disease (CVD) and adverse events. However, comorbidities affecting renal excretion and lipid metabolism limit their predictive accuracy (13–15). This underscores the importance of a more comprehensive, multifaceted evaluation. In this context, the serum uric acid-to-HDL-cholesterol ratio (UHR) emerges as a promising marker. Studies show a strong correlation between UHR and CVD, including atherosclerosis (16), ischemic heart disease (17–20), hypertension (21), acute myocardial infarction (22), coronary artery disease (CAD) (23, 24) and acute coronary syndrome (18). More importantly, studies have shown that the UHR predicts the onset of coronary artery disease better than UA or HDL-C alone in patients with chronic kidney disease (23). Additionally, UHR is correlated with CVD risk factors, including insulin resistance (25, 26), visceral fat accumulation (27, 28), and is also associated with metabolic diseases such as diabetes (29–31), metabolic syndrome (32), metabolism dysfunction-associated fatty liver disease (33–36), chronic kidney disease (37), Hashimoto’s thyroiditis (38). UHR’s broad correlation with these factors and conditions underscores its value in CVD risk assessment, integrating several key risk indicators.

Despite the remarkable potential of the UHR in forecasting CVD, investigations into its correlation with adverse cardiovascular outcomes, notably CVD mortality, are still limited. To date, there is only one study that has identified UHR as a predictive factor for cardiovascular mortality in patients undergoing peritoneal dialysis (39). The question of whether UHR can similarly predict cardiovascular mortality in the general population and among specific subgroups remains elusive. Therefore, our study endeavors to bridge this knowledge gap by examining the influence of UHR on mortality and elucidating the dose-response relationship, utilizing data from the National Health and Nutrition Examination Survey (NHANES) across diverse American populations.





Methods




Study population and design

NHANES, a comprehensive, multistage survey conducted by the U.S. Centers for Disease Control and Prevention’s National Center for Health Statistics, collects demographic, socioeconomic, dietary, physiological, and laboratory data through interviews and medical exams. NHANES has received ethical approval from the CDC’s research ethics review board [NHANES 1999-2004: Protocol #98-12; NHANES 2005-2010; Protocol #2005-06; NHANES 2011-2018: Protocol #2011-17, #2018-01 (Effective beginning October 26, 2017)7]. NHANES ensures participant rights protection through informed written consent. Datasets from NHANES, including those used in our study, are publicly accessible on the official NHANES website (https://www.cdc.gov/nchs/nhanes/index.html).

Criteria for subgroup division are as follows: diabetes, defined by the American Diabetes Association (ADA), includes self-reported diagnosis, insulin/oral hypoglycemic use, fasting blood glucose ≥ 126 mg/dL, or HbA1c ≥ 6.5% (40). BMI is calculated as weight divided by height squared, with obesity defined as BMI ≥ 30 kg/m² (41), and CVD diagnosis is determined through self-reported physician diagnoses during interviews using a standardized questionnaire on CHF/CHD/angina pectoris/MI/stroke, with affirmative answers indicating the presence of CVD.

Patients were excluded if they met any of the following criteria: 1) age < 20 years; 2) missing death status information; 3) incomplete data on UA levels and HDL-C values; or 4) missing covariant data. A final cohort of 48,054 patients from NHANES 1999–2018 was included in the study (Figure 1).




Figure 1 | The selection flowchart of the participants.







Assessment of UHR

The exposure variable was the UHR, calculated as serum UA divided by HDL- C. UA measurements were performed using various multichannel analyzers across NHANES cycles (Hitachi Model 704, Beckman Synchron LX20, Beckman UniCel DxC800 Synchron, and Roche Cobas 6000). Fasting serum HDL- C concentrations were measured using the ARCHITECT auto-analyzer and Abbott reagent kits. Participants were categorized into four groups (Q1-Q4) based on UHR quartiles, with Q1 serving as the reference group.





Outcome ascertainment

The primary endpoint was all-cause mortality, with CVD-specific mortality as a secondary outcome. Mortality status was determined using the NHANES Public-Use Linked Mortality File, updated until December 31, 2019 (https://www.cdc.gov/nchs/data-linkage/mortality-public.htm), which linked to the NDI data with a probabilistic matching algorithm to determine mortality status (42). The disease-specific mortality data in the NDI have been identified according to the International Statistical Classification of Diseases, 10th Revision (ICD-10), with only a relatively slight possibility of misclassification. Specific mortality was defined as death due to heart diseases (054–064), malignant neoplasms (019–043), and all other causes (010) for our study (43). Follow-up time for each person was calculated as the difference between the baseline examination date and the last known date alive or censored from the mortality file.





Assessment of covariates

Confounding factors potentially associated with mortality were enrolled in this analysis. Information on age, sex, race or ethnicity, education level, and family income was collected from the demographic data. Race was categorized as Mexican American, non-Hispanic White, non-Hispanic Black, or other race, while education level was grouped as less than high school, high school or equivalent, or college or above. Family economic status was determined by income to poverty ratio (PIR), with three categories: < 1.30, 1.31 to 3.50, and ≥ 3.50 (44).

Smoking status, alcoholic intake, and physical activity were assessed via standardized questionnaires. Participants were categorized into nonsmokers, former smokers, and current smokers based on smoking history and habits. Alcohol consumption was determined using a 24-hour dietary recall, classifying individuals as nondrinkers, moderate drinkers (0.1-27.9 g/day for men, 0.1-13.9 g/day for women), or heavy drinkers (≥ 28 g/day for men, ≥ 14 g/day for women). Physical activity was divided into inactive, active (meeting recommended levels), and insufficiently active categories based on previous literature (45).

Clinical indicators such as alanine aminotransferase (ALT), aspartate aminotransferase (AST), blood urea nitrogen (BUN), serum creatinine (Scr), gamma-glutamyltransferase(GGT), lactate dehydrogenase (LDH), total bilirubin (Tbil), fasting blood glucose (FBG), glycosylated hemoglobin A1c (HbA1c), triglycerides (TG), total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), and HDL-C were measured in the NHANES laboratory following the relevant standardized protocols. The estimated glomerular filtration rate (eGFR) was calculated using the Chronic Kidney Disease Epidemiology Collaboration Equation (46).

Hypertension was defined as having a history of hypertension, systolic blood pressure ≥ 130 mmHg, or diastolic blood pressure ≥ 80 mmHg, according to the 2017 American College of Cardiology and American Heart Association hypertension guidelines.





Statistical analysis

The statistical analysis was performed by using R software (version 4.3.1; https://www.r-project.org). Given the complicated sampling design, NHANES weights and strata variables were considered when calculating statistics (47). Data categorized into continuous (mean ± SD) and categorical (percentages) variables. Statistical analysis of continuous variables employed Student’s t-test or Mann–Whitney U test, depending on data distribution. Categorical variables were compared using chi-square test. Obesity phenotype stratified, baseline characteristics compared using one-way ANOVA.

Study participants were divided into four quartiles (Q1-Q4) of UHR. Baseline characteristics were compared across quartiles using ANOVA and chi-square tests. Incidence rates of all-cause and CVD mortality were computed for each quartile during follow-up.

To evaluate the independent predictive value of the UHR, we developed multivariate weighted Cox proportional hazards regression models with three models to control for confounding factors. Model 1 was unadjusted, Model 2 was adjusted for age, race, and gender, and Model 3 was adjusted for age, gender, race, education level, family income level, BMI, smoking status, alcohol intake, diabetes and hypertension. We utilized the restricted cubic spline (RCS) model to graphically represent the dose-response relationship between UHR levels and both all-cause and CVD mortality.

Stratified analyses were performed in the strata of age (< 30,30-40,40-50 or ≥ 50 years old), sex (male or female), race or ethnicity (White, Black, Mexican, or Other), education level (less than high school, high school or equivalent, or college or above), family income level(<1.30, 1.31 to 3.50, and ≥ 3.50), smoking status (current smoker, former smoker or nonsmoker), alcohol intake (heavy drinking, moderate drinking or nondrinking), physical activity(active, insufficiently or active), BMI (< 25 or 25-30, ≥ 30 kg/m2), diabetes and hypertension. A P-value of less than 0.05 was considered statistically significant.






Results




Baseline characteristics of study participants

Table 1 outlines the baseline characteristics of 48,054 participants stratified by UHR quartiles. The average age of the participants was 46.99 ± 16.85 years, and 51.8% of them were women. During a mean follow-up of 8.05 ± 5.17 years, the mortality of all-cause, CVD and malignant neoplasms were 10.9%, 2.7% and 2.5%, respectively. Average UHR in the enrolled patients was 5.4 ± 1.42. Participants with higher UHR level tended to be older, male, obese, and had a higher prevalence of comorbidities. They exhibited significantly higher all-cause and CVD mortality rates. Among all subjects, there were 7796 patients with diabetes, 17547 patients with obesity, and 5191 patients with CVD. Detailed characteristics of patients with diabetes, obesity and CVD are provided in Supplementary Tables 1–3 of the Supplementary Material.


Table 1 | Baseline characteristics of participants.







Relationships of UHR level with mortality

Table 2 presents the results of Cox regression analysis, revealing a positive association between UHR levels and all-cause and CVD mortality, adjusting for covariates. No significant association was found between UHR and malignant neoplasms mortality. The hazard ratios (HRs) and 95% confidence intervals (CIs) in the highest quintile were 1.16 (95% CI: 1.05, 1.29) for all-cause mortality and 1.2 (95% CI: 1.00, 1.45) for CVD mortality, indicating increasing risk with higher UHR quartiles. Interestingly, not all the quadratic term for UHR was not statistically significant, suggesting a non-linear association between UHR and mortality.


Table 2 | Associations of serum UHR with mortality in US adults.



Patients in the highest quintile of diabetes, obesity, and CVD exhibited significantly elevated risks for both all-cause and CVD mortality compared to those in the lowest quintile. Specifically, HRs were 1.32 (95% CI: 1.11, 1.57) for all-cause mortality and 1.38 (95% CI: 1.01, 1.9) for CVD mortality in diabetes patients (Supplementary Table 4); 1.32 (95% CI: 1.10, 1.58) and 1.55 (95% CI: 1.06, 2.28) in obesity patients (Supplementary Table 5); and 1.29 (95% CI: 1.10, 1.50) and 1.38 (95% CI: 1.06, 1.79) in CVD patients (Supplementary Table 6), respectively.





The dose-response association of UHR level with mortality

Due to Cox regression analysis indicated a non-linear relationship between UHR and the risk of all-cause and CVD mortality, we employed a restricted cubic splines models to further investigate the correlation. After adjusting for multiple potential confounders, we found a non-linear relationship between UHR and all-cause (P-nonlinearity < 0.0001) (Figure 2A) and CVD (P-nonlinearity = 0.018) (Figure 2B) in general population and different subgroup (Supplementary Figure 1).




Figure 2 | Dose-response associations of UHR with all-cause, and CVD mortality in US adults. Association between UHR and all-cause (A) and CVD mortality (B) in general population. The associations were examined by multivariable Cox regression models with restricted cubic splines. HRs adjusted for age, gender, race, education level, family income level, BMI, smoking status, alcohol intake, diabetes and hypertension except the corresponding stratification variable. Solid lines represent estimates of HRs and dashed lines represent 95% CIs.



Using Kaplan-Meier analysis, we identified critical thresholds of 12.4 for all-cause mortality and 10.7 for CVD mortality. Analysis of adjusted Cox-regression survival estimates across UHR groups, stratified by these thresholds, demonstrated significant dose-dependent increases in both all-cause (adjusted HR: 1.16, 95% CI: 1.09, 1.24, P < 0.0011) and CVD mortality (adjusted HR: 1.2, 95% CI: 1.05, 1.37, P = 0.0064). Notably, survival rates were notably lower in the high UHR group, as summarized in Table 3.


Table 3 | Threshold effect analysis of UHR on mortality in US patients.



In the subgroup analysis, adjusted Cox-regression survival analysis demonstrated significant and dose-dependent increases in both all-cause and CVD mortality among UHR groups stratified by individual thresholds. Specifically, for the diabetes subgroup, the HRs were 1.32 (95% CI: 1.15, 1.51) for all-cause mortality and 1.5 (95% CI: 1.18, 1.89) for CVD mortality compared to the low group (Supplementary Table 7). Comparable trends were observed in the obese and CVD subgroups, with adjusted HRs of 1.22 (95% CI: 1.08, 1.37) for all-cause mortality and 1.49 (95% CI: 1.17, 1.9) for CVD mortality in obese patients (Supplementary Table 8), and 1.37 (95% CI: 1.16, 1.62) for all-cause mortality and 1.46 (95% CI: 1.21, 1.77) for CVD mortality in CVD patients (Supplementary Table 9).





Stratified analyses

Stratified analyses demonstrated the disadvantage of higher UHR (≥ 12.4 for all-cause mortality) versus lower UHR (< 12.4) was consistent across subgroups in the general population (Figure 3). Significant interactions were observed between UHR and stratified variables, particularly gender, BMI, education, smoking, alcohol use, and hypertension. subgroup analysis revealed a strong association between UHR and all-cause mortality among female patients aged over 50. Similarly, the disadvantage of higher UHR (≥ 10.7 for CVD mortality) compared to lower UHR (< 10.7) was consistent across subgroups (Figure 4), with significant interactions based on gender, smoking, and alcohol intake. These findings underscore the importance of considering multiple factors when assessing the impact of UHR on mortality outcomes.




Figure 3 | Forest plot of Stratified analyses of UHA and all-cause mortality in general population. HRs adjusted for age, gender, race, education level, family income level, BMI, smoking status, alcohol intake, diabetes and hypertension except the corresponding stratification variable.






Figure 4 | Forest plot of Stratified analyses of UHA and CVD mortality in general population. HRs adjusted for age, gender, race, education level, family income level, BMI, smoking status, alcohol intake, diabetes and hypertension except the corresponding stratification variable.



The stratified analyses on diabetes subgroup model revealed significant interactions between sex groups for all-cause mortality, and age categories, education level, and smoking status for CVD mortality (Supplementary Figures 2, 3). The stratified analyses on obesity subgroup model revealed significant interactions between sex groups, education level, and smoking status for all-cause mortality, and sex groups, education level, and diabetes status for CVD mortality (Supplementary Figures 4, 5). The stratified analyses on CVD subgroup model revealed significant interactions between sex groups and education level for all-cause mortality, and education level for CVD mortality (Supplementary Figures 6, 7).






Discussion

To our knowledge, this is the first study to investigate the relationship between the UHR with all-cause and CVD mortality among US general population, the current study demonstrated that higher UHR levels are associated with increased risks of both types of mortality. Kaplan-Meier analysis identified thresholds of 12.4 and 10.7 for all-cause and CVD mortality, respectively. Our results underscore the predictive power of UHR for cardiovascular and overall mortality.

Studies conducted by Yu et al. have investigated the association between UHR and all-cause/CVD mortality among peritoneal dialysis (PD) patients. Their findings revealed that patients with higher UHR exhibited an elevated risk of both all-cause and cardiovascular mortality, particularly among those aged 65 and older (39). Our study aligns with this evidence, further validating the predictive value of UHR for mortality. Meanwhile, previous studies have shown that UHR is a reliable marker for CVD risk across patient groups. Elevated UHR predicts increased risk of adverse cardiovascular events and CVD mortality, as demonstrated by studies on acute myocardial infarction (22), coronary chronic total occlusion (19), and ischemic heart disease (17). Our study further confirms the correlation between UHR and risk of CVD mortality across diverse patient groups, emphasizing the significance of UHR as a predictor of cardiovascular disease outcomes.

Although the precise biological mechanisms linking UHR index to mortality remain elusive, insulin resistance (IR) is a potential key pathway. IR, characterized by reduced insulin sensitivity and responsiveness, can trigger oxidative stress, exacerbate inflammation, promote foam cell formation, impair endothelial function, and encourage smooth muscle cell proliferation (48). Persistent IR can also increase sympathetic nervous system activity, renal sodium retention, and blood pressure, leading to vascular and renal damage (49). These pathological changes contribute to CVD development, progression, and poor prognosis. Multiple studies suggest a correlation between UHR and IR, with Xu et al. (26) finding a positive association between UHR and HOMA-IR in type 2 diabetes patients, and Dağ et al. (50) observing a link between high UHR levels and obesity/IR in adolescents. This suggests that UHR may influence all-cause and cardiovascular mortality through IR. Meanwhile, our study, in alignment with numerous previous investigations (21, 26–28, 30, 31, 50, 51), further confirms that an increase in UHR corresponds to a gradual elevation in multiple risk factors for CVD and IR, including BMI, FBG, HbA1c, TG, TC and LDL. Additionally, UHR has been associated with a spectrum of metabolic-inflammatory diseases, ranging from diabetes mellitus (31, 52), metabolic syndrome (53), and NAFLD (35, 36, 38, 54). Collectively, these findings suggest that the association between UHR and adverse outcomes is primarily explained by the presence of traditional CVD and IR risk factors.

We further studied the population with diabetes, obesity, and CVD separately, and the results showed that there was still a nonlinear relationship between the UHR index and the all-cause mortality and CVD mortality of the population with diabetes, obesity, and CVD. Among these different populations, the diagnostic predictive value of UHR is higher than that of the general population. Taken together, our findings support the utility of the UHR as a reliable and accurate indicator of all-cause and CVD mortality in the real world.

To fully appreciate the research findings, acknowledging the limitations of this cross-sectional study is paramount. Firstly, causality cannot be definitively established, necessitating further cohort studies to confirm the results. Secondly, cross-sectional studies, although valuable, are susceptible to confounding variables that could potentially bias the results, thereby affecting the interpretation of the findings. Although attempts were made to account for these factors, unknown variables or biases may still exist, leading to inaccurate results. Therefore, a cautious approach is warranted when interpreting the findings, requiring further validation under different conditions. At last, this analysis only examines the prognostic value of the UHR, and it is unclear whether changes in the UHR during follow-up also predict mortality, which requires further investigation.

In conclusion, our study highlights the UHR as a key predictor of all-cause and CVD mortality across different populations. Measuring UHR could aid risk assessment and prognosis. Future research should explore interventions targeting UHR for improved outcomes.
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131-350 673679940 (333) | 164296924 (316) | 165362316 (334) 170633358 (337)  17338734.2 (34.6)
350 80861327.2 (400) 227486996 (438) | 192731299 (39.0) 198401019 (39.2)  18999395.8 (37.9)
Missing data © 143143878 (7.1) 39156623 (7.5) 34670647 (7.0) 34203474 (6.8) 3511313.4 (7.0)
All-cause mortality (%) 220591553 (109) 45710342 (8.8) 5048167.8 (102) 55012561 (10.9)  6938697.3 (13.8) <0.001
CVD mortality (%) 54078373 (27) 9992932 (1.9) 11106759 (2.2) 14006667 (2.8) 18972014 (3.8) <0.001
Malignant neoplasms 51070164 (2.5) 1059275.7 (2.0) 11683949 (2.4) 1360012.7 (2.7) 1519333.1 (3.0) <0.001
mortality (%)

Time(years) 9.95 £ 565 9.95 565 993 + 566 9.97 +56 9.93 + 567 0.946
UHR (%) 11324523 582+ 117 8.96 + 083 1215 £ 1.06 185 +425 <0.001
ALB(g/L) 277 + 348 4241 £ 365 42,63 +347 31342 43,03 +334 <0.001
ALT (U/L) 2547 £ 2257 2028 + 1384 2281 + 18,97 2654 + 17.61 3241 +3321 <0.001
AST (U/L) 25.13 16,04 2345+ 1313 2399 + 15.93 2545 + 16,08 27.64 % 18.36 <0.001

Thil (umol/L) 11.53 £ 5.39 1077 £ 49 1122 £ 5.18 1189 £ 5.59 1229 £5.73 <0001

GGT (IU/L) 2854 + 4159 22,09 + 3371 25.77 + 39.67 307 + 4934 35.78 + 40.98 <0.001

LDH(IU/L) 13341 + 3074 13111 + 2948 132.86 + 30.8 13354298 13622 + 3262 <0.001

BUN (mmol/L) 484193 441+ 163 47171 496 + 191 528423 <0001

Ser (umol/L) 77.66 + 3271 67.22+25.1 7449 + 29.33 80.94 + 30.8 88.3 40.09 <0001

GFR
7 ) 10179 + 3086 1108 + 346 10359 + 298 98.63 + 28.03 93.88 +27.76 <0.001
TC (mmol/L) ® 508 + 108 50641 506 + 106 505+ 111 505 + 116 <0.001
TG (mmol/L) ® 15+133 14054 124 £ 099 155 + 1.08 2224196 <0.001
LDL-C (mmol/L) * 3£092 286 + 0.87 301409 308 £095 304 £ 095 <0.001
BMI (kg/m2) 28.77 + 672 2549 + 54 28.15 + 6.33 2976+ 6.7 3179 + 6.74 <0.001
HbAIc (%) 557 £092 54408 554 089 563+ 0.94 572099 <0.001
FPG (mmol/L) ® 584+ 172 547+ 144 575+ 1.65 599+ 1.85 6.16 + 1.84 <0.001
Diabetes (%) <0.001
No 1780021800 (88.1) | 48762598.4 (938) | 443704139 (897) | 436364217 (863) = 412327460 (82.2)
Yes 241542516 (119) 32089644 (6.2) 50697642 (10.3) 69246844 (13.7) 8950838.7 (17.8)
Hypertension (%) <0.001
No 103046265.1 (51.0) | 326374948 (62.8) | 267538634 (541) = 236839208 (46.8) | 19970986.1 (39.8)
Yes 990741211 (490) 193272997 (372) | 226706488 (459) = 268667026 (53.1) 302094700 (60.2)
Missing data © 36045.4 (0.0) 67683 (0.0) 15666.0 (0.0) 10482.7 (0.0) 31285 (0.0)
Smoking status (%) <0.001
Current smokers 432016486 (214) | 92642309 (17.8) 106370608 (215) 115086439 (22.8)  11791713.0 (23.5)
Former smokers 502389869 (249) | 114175926 (220) | 110437332 (223) | 134937479 (267) | 14283913.2 (28.5)
Non-smokers 1086069618 (53.7) | 31262680.8 (602) | 277493395 (56.1) | 255178512 (505) | 240770904 (48.0)
Missing data © 108834.1 (0.1) 27058.4 (0.1) 10044.6 (0.0) 40863.1 (0.1) 30868.0 (0.1)
Alcohol consumption (%) <0.001
Heavy drinking 35474457.6 (17.5) | 107791881 (207) 90934010 (184)  8312898.3 (16.4)  7288970.0 (14.5)
Moderate drinking 17278527.1 (8.5) 35992534 (6.9) 40725386 (8.2) 48355662 (9.6) 4771168.9 (9.5)
Non-drinkers 1399699639 (69.2) | 349228242 (67.2) | 337854777 (683) = 352441586 (69.7) | 360175034 (71.8)
Missing data © 9433483.1 (47) 2670297.1 (5.1) 2488760.8 (5.0) 21684829 (4.3) 2105942.2 (4.2)
Physical activity (%) <0.001
Active 583583286 (28.9) | 174939547 (337) | 146692613 (20.7) | 138026468 (273) 123924657 (24.7)
Insufficiently 468549574 (232) | 119012239 (229) | 111275544 (225) 121204856 (240)  11705693.5 (23.3)
Inactive 831882125 (412) | 189056833 (364) | 201738304 (40.8) = 213341645 (422) 227745343 (45.4)
Missing data © 137549330 (6.8) 36707008 (7.1) 34695319 (7.0) 33038092 (6.5) 3310891.1 (6.6)
CVD (%) <0.001
No 1849575217 (91.5) | 49261629.1 (948) | 458365750 (927) | 458311078 (90.6) | 44028209.8 (87.7)
Yes 17184657.3 (8.5) 27092511 (5.2) 36007012 (7.3) 4725269.7 (9.3) 6149435.2 (12.3)
Missing data © 14252.6 (0.0) 682.6 (0.0) 29019 (0.0) 4728.6 (0.0) 5939.5 (0.0)

*Values are mean (standard deviation) for continuous variables and percentages for categorical variables.
"Numbers may not sum to the total number of participants due to missing data.
“The total did not sum to 100% because small proportions of participants chose “prefer not to answer” or “do not know”.





