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Introduction: Cardiovascular disease (CVD) remains the leading cause of premature death globally and a major contributor to decreasing quality of life. In the present study, we investigated the contribution of social, behavioral, and physiological determinants of CVD and their different patterns among middle-aged and older adults.

Methods: We used harmonized data from 6 nationally representative individual-level longitudinal studies across 25 countries. We restricted the age to ≥50 years and defined cases as a self-reported history of CVD. The exposure variables were the demographic status (age and sex), socioeconomic position (education level, employment, and household income level), social connections (marital status and family size), behavioral factors (smoking, alcohol drinking, and frequency of moderate to vigorous physical activity), and physiological risk factors (obesity, presence of hypertension, and presence of diabetes). Mixed logistic regression models were fitted to investigate the associations, and dominance analysis was conducted to examine the relative contributions.

Results: In total, 413,203 observations were included in the final analysis, with the CVD prevalence ranging from 10.4% in Mexico to 28.8% in the United States. Physiological risk factors were the main driver of CVD prevalence with the highest dominance proportion, which was higher in developing countries (China, 57.5%; Mexico, 72.8%) than in developed regions (United States, England, 10 European countries, and South Korea). Socioeconomic position and behavioral factors also highly contributed but were less significant in developing countries than in developed regions. The relative contribution of socioeconomic position ranged from 9.4% in Mexico to 23.4% in the United States, and that of behavioral factors ranged from 5.7% in Mexico to 26.1% in England.

Conclusion: The present study demonstrated the different patterns of determinant contributions to CVD prevalence across developing and developed countries. With the challenges produced by different risk factors, the implementation of tailored prevention and control strategies will likely narrow disparities in the CVD prevalence by promoting health management and enhancing the capacity of health systems across different countries.
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Introduction

Cardiovascular disease (CVD) remains the leading cause of premature mortality and is a major contributor to reduced quality of life and rising healthcare costs globally (1). From 1990 to 2019, the total number of cases of CVD nearly doubled from 271 million to 523 million, and this rise was accompanied by a steady increase in deaths (2). Middle-aged and older adults are among the most vulnerable populations and have the largest CVD burden (3), which hinders the achievement of healthy aging and causes significant direct and indirect economic hardships (4).

Recent analyses have demonstrated inequalities in the CVD prevalence across countries and regions, and prior studies investigated the associations of social, behavioral, and physiological risk factors individually (5–7), but rarely in the same context. Identifying the relative contributions of different risk factors can elucidate the mechanisms underlying social and environmental gradients and inform policy-making in CVD prevention and control. Most of the currently available data are derived from developed countries, whereas findings from developing countries are conflicting (8–12). Developing countries bear more than 80% of the global burden of CVD, and the gap between developing and developed countries is widening (13). Comparison among countries with varying developmental levels is a necessary step toward understanding how different risk factors shape the patterns of the CVD prevalence, and it can provide implications for multilateral global health actors to identify opportunities to reduce health inequalities by multi-sectoral cooperative activities.

To fill these research gaps, we investigated the contributions of socioeconomic position, social connection, and behavioral and physiological factors to the CVD prevalence among middle-aged and older adults in a series of unified and standardized population-based longitudinal studies conducted across 25 countries on 3 continents—North America, Europe, and Asia. Given that social and environmental risk factors for CVD are a multidimensional construct that largely depends on the context, we demonstrated the different patterns of determinant contributions across settings.



Methods


Data source

This study included six individual-level cohorts on aging that used modules similar to that of the Health and Retirement Study (HRS) in the United States (14), with harmonized data provided to facilitate the cross-national study of aging (https://g2aging.org/) (15). The HRS family surveys draw a nationally representative sample of the country's older population and are designed as longitudinal surveys with the goal of re-interviewing the same individuals on an approximately biennial basis. To maintain a nationally representative sample over time, periodic refresher samples bring in newly age-eligible respondents, although the frequency of refresher samples varies across surveys (15).

In this study, we obtained data from six family studies: the HRS; the Survey of Health, Aging and Retirement in Europe (SHARE) for 10 European developed countries (Austria, Belgium, Czech Republic, Denmark, France, Germany, Italy, Spain, Sweden, and Switzerland); the English Longitudinal Study of Aging (ELSA) in England; the Korean Longitudinal Study of Aging (KLoSA) in South Korea; the China Health and Retirement Longitudinal Study (CHARLS) in China; and the Mexican Health and Aging Study (MHAS) in Mexico. We categorized the included countries' level of development according to the income level from the World Bank database (https://data.worldbank.org/). Specifically, we included 13 developed countries (the United States, England, Austria, Belgium, Czech Republic, Denmark, France, Germany, Italy, Spain, Sweden, Switzerland, and South Korea) and 2 developing countries (China and Mexico).

Different waves were selected from each survey for a similar time range: HRS, 2010–2018; ELSA, 2010–2018; SHARE, 2011–2017; KLoSA, 2011–2019; CHARLS, 2011–2018; and MHAS, 2012–2018. We excluded participants aged <50 years and those with missing outcomes and exposures, and we finally enrolled 93,945 participants from HRS, 35,706 participants from ELSA, 178,133 participants from SHARE, 37,503 participants from KLoSA, 35,791 participants from CHARLS, and 32,125 participants from MHAS (Supplementary Table 1).



Measures
 
CVD

CVD was defined as a combination of a doctor-diagnosed heart problem and doctor-diagnosed stroke, but slight differences exist in phrasing across studies. The concordance across studies is shown in Supplementary Table 2. Respondents were asked whether they had had the condition since the last interview starting in the second wave. According to their responses, imputations were made by both the team of the gateway to global aging data and our team to obtain a correct report in each wave.



Explanatory variables

Five groups of risk factors were identified in this study: demographic status (age and sex), socioeconomic position (education level, employment, and household income level), social connections (marital status and family size), behavioral factors (smoking, alcohol drinking, and frequency of moderate to vigorous physical activity), and physiological risk factors (obesity, presence of hypertension, and presence of diabetes). All the variables are categorical, and detailed scales and cutoffs are listed in Supplementary Table 3.




Statistical analyses

To investigate the association between risk factors and CVD prevalence, we fitted mixed logistic models with repeated observations of individuals separately in each study. Unstructured mixed logistic modeling was used due to the nominal nature of the dependent variables. To account for clustering, a multilevel approach was adopted, and repeated individuals were fitted as the random effects. Regression coefficients and prospective odds ratios (with 95% CIs) in the logistic regression were calculated. To quantify the extent to which a risk factor was associated with the CVD prevalence, we conducted a dominance analysis for decomposition by examining the relative importance of explanatory variables that contributed to the R-squared of the regressions. All analyses were conducted using Stata 14.1 (StataCorp LP, College Station, TX, USA).




Results


Study sample characteristics

Table 1 shows the characteristics of the participants in each cohort. The prevalence of CVD in the HRS, ELSA, SHARE, KLoSA, CHARLS, and MHAS was 28.77, 23.53, 20.21, 13.14, 20.57, and 10.39%, respectively.


TABLE 1 Variables included in the present analysis with summary statistics by cohort (country/region).
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The proportions of female and advanced-age patients were lowest in CHARLS (52.45 and 18.12%, respectively). The family size of the older population was larger than three in KLoSA and CHARLS, while the dominant family size was two in HRS, ELSA, and SHARE. A relatively lower education level was found in the middle-aged and older population in CHARLS and MHAS, with the proportion of tertiary education being 1.31 and 9.58%, respectively. The proportion of currently employed individuals was among the highest in CHARLS (70.47%). A relatively higher prevalence of smoking (combined prevalence of former and current smoking) was seen in HRS (55.49%) and ELSA (62.16%), and a high frequency of alcohol drinking was seen in ELSA (86.61%) and SHARE (75.22%). Individuals in KLoSA and MHAS engaged in relatively fewer physical activities than their counterparts in other cohorts, with proportions of 66.10 and 64.95% never engaging in physical activities, respectively. Obesity was less prevalent in KLoSA (1.26%) and CHARLS (4.29%).



Associations with individual risk factors

As shown in Table 2, multiple groups of risk factors were found to be associated with the prevalence of CVD among the middle-aged and older population in all cohorts. With respect to the demographic status, female sex was negatively associated with the CVD prevalence (except for CHARLS, with the odds ratio of 1.06), whereas age was positively associated in all settings (p < 0.001 for all).


TABLE 2 Factors associated with prevalence of cardiovascular disease by cohort (country/region).
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Social connection factors also mattered. Those living alone (compared with married/partnered) tended to have a higher CVD prevalence, with the ORs ranging from 1.00 in MHAS to 1.04 in SHARE. Those with a larger family size (≥3) had a significantly lower CVD prevalence in HRS (OR = 0.99) and SHARE (OR = 0.98).

In terms of socioeconomic position, we found that a higher education level, higher household income, and being employed were associated with a lower CVD prevalence in middle-aged and older individuals, although there were some exceptions as follows. Higher household income was significantly associated with a higher CVD prevalence in SHARE (OR = 1.01 in intermediate tertile and 1.01 in highest tertile), and a higher education level was associated with a higher CVD prevalence in CHARLS (OR = 1.03 in upper secondary and vocational education group and 1.05 in tertiary education group). There were also several non-significant associations with the education level in MHAS and the household income level in ELSA and MHAS.

Behavioral risk factors also played roles in the CVD prevalence. Current or former smoking, never drinking alcohol, and never engaging in moderate to vigorous physical activities were positively associated with the CVD prevalence. The significant ORs of current smoking, former smoking, alcohol drinking, engaging in physical activities one to three times per month, and engaging in physical activities more than once per week ranged from 0.98 in ELSA to 1.02 in HRS, from 1.02 in MHAS to 1.07 in HRS, from 0.94 in KLoSA to 0.99 in CHARLS, from 0.95 in ELSA to 0.99 in KLoSA, and from 0.93 in SHARE to 0.98 in CHARLS, respectively.

In terms of physiological risk factors, having been diagnosed with hypertension or diabetes was positively associated with the CVD prevalence in the full models, with ORs of 1.10 and 1.04 in HRS, 1.09 and 1.06 in ELSA, 1.08 and 1.08 in SHARE, 1.07 and 1.03 in KLoSA, 1.13 and 1.12 in CHARLS, and 1.10 and 1.02 in MHAS, respectively. A conflicting impact of obesity was observed among the different cohorts. Both overweight and obesity were associated with a higher CVD prevalence in CHARLS, with ORs of 1.01 and 1.05, respectively; however, they were associated with a lower CVD prevalence in HRS, with coefficients of 0.99 and 0.98, respectively.



Relative contributions of risk factor groups

Table 3 shows the results of the dominance analyses. Physiological factors were the main driver of the CVD prevalence in the middle-aged and older population. In developing countries and regions, physiological factors accounted for a high share of the predicted variance (as high as 72.8% in MHAS and 57.5% in CHARLS). In Western developed countries and regions, the relative contributions were much lower (dominance of 27.5% in HRS, 27.7% in ELSA, and 29.8% in SHARE). In the KLoSA cohort, the dominance of physiological factors was 37.3%.


TABLE 3 Dominance of factors by cohort.
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The set of behavioral factors was one of the top drivers of the CVD prevalence, with opposite rankings across cohorts. In Western developed countries and regions, behavioral factors highly contributed to the CVD prevalence (as high as 17.7% in HRS, 26.1% in ELSA, and 17.7% in SHARE). The proportions were lower in cohorts in developing regions, including CHARLS (13.6%) and MHAS (5.7%). The dominance of behavioral factors in KLoSA was 14.9%.

Socioeconomic position was highly associated with the CVD prevalence in the middle-aged and older population of all cohorts, with dominance of 23.4% in HRS, 15.5% in ELSA, 15.5% in SHARE, 20.0% in KLoSA, 18.4% in CHARLS, and 9.4% in MHAS. Age also accounted for a high share of predicted variance, with dominance proportions of 23.4% in HRS, 21.8% in ELSA, 25.5% in SHARE, 18.8% in KLoSA, 4.9% in CHARLS, and 10.4% in MHAS.

The comparison of risk factor contribution patterns is shown in Figure 1. Although physiological factors were the major contributor to the CVD prevalence in the middle-aged and older population in all cohorts, the contributions were much higher in developing countries (CHARLS and MHAS). In Western developed countries and regions (HRS, ELSA, and SHARE), behavioral factors had very high contributions to the CVD prevalence. In the KLoSA cohort, where the level of economic development fell in the middle among all cohorts, the dominance proportion of the physiological factors and behavioral factors also showed a transitional trend between the two levels mentioned above.


[image: Figure 1]
FIGURE 1
 Contributions of the cardiovascular disease determinants by cohort. Data are presented as standardized dominance statistic (%). HRS, Health and Retirement Study; ELSA, English Longitudinal Study of Aging; SHARE, Survey of Health, Aging and Retirement in Europe; KLoSA, Korean Longitudinal Study of Aging; CHARLS, China Health and Retirement Longitudinal Study; MHAS, Mexican Health and Aging Study.





Discussion

To the best of our knowledge, this is the first study to investigate the contributions of social, behavioral, and physiological determinants to the CVD prevalence in the middle-aged and older population. Although several determinants of CVD were well documented in prior studies, little research has been conducted on the contribution of each determinant in the same setting. With the growing burden of CVD and its widening disparities across countries and regions during the past decade, social determinants of health have been systematically considered to capitalize on CVD prevention and control strategies. However, different settings are faced with challenges introduced by different risk factors, the contributions of which can vary across developed and developing countries. By taking advantage of multi-country population-based cohorts, we were able to demonstrate the different patterns of determinant contributions across different countries and regions, highlighting the importance of national context in the CVD prevalence.

In the middle-aged and older population of our harmonized cohorts, we found that the prevalence of CVD was similar to that in previous studies of sample countries (16–18) but slightly lower than the national estimated prevalence (19). Nevertheless, we focused on confirming that five specific groups of risk factors (demographic characteristics, social connection, socioeconomic position, behavioral factors, and physiological risk factors) had significant impacts on the CVD prevalence in the middle-aged and older population, as indicated by prior studies (20). The association between demographic factors and the CVD prevalence is well documented. Age dominates the CVD risk factors (21–23), mainly because of the summed effects of prolonged exposure to other modifiable risk factors (24). Social connection is also important (especially the marital status as shown by a recent systematic review and meta-analysis (25)) through the mechanisms of spousal support (26), stress (27, 28), and selection theories (29). The impact of socioeconomic position on the risk of CVD has also been validated, although the context is important (8, 10, 30). Education has long been cited as a risk factor for CVD (7, 31). Behavioral factors are undoubtedly essential to the CVD prevalence, with the main drivers being an unhealthy diet, physical inactivity, tobacco use, and harmful use of alcohol (32–34). In terms of physiological risk factors, hypertension and diabetes are among the most important risk factors for CVD (33, 35), whereas obesity contributes both directly and indirectly to the CVD risk (36). Understanding the links of multiple groups of risk factors with the CVD prevalence can help to design public health interventions and policies for the neediest countries and regions.

Among all the determinants in the present study, physiological factors contributed the most in all cohorts, but the relative contribution was higher in the developing countries. In the developed countries, although the prevalence of obesity, hypertension, and diabetes was higher among the older population, the contribution of these factors to individual CVD variances was relatively low. This phenomenon may be largely due to the fact that chronic conditions were mostly under control by the well-functioning healthcare systems in developed countries (37), in which healthcare services such as pharmacological treatments, behavioral intervention, and environment support for chronic disease management are of high quality and homogeneity. In developed settings, the CVD mortality rate is relatively lower although the prevalence is higher than that in less-developed countries, and the national capacity of non-communicable disease control is reportedly an important reason for this (38). Most healthcare services for CVD prevention and control are included in universal health coverage packages in these countries, especially for the middle-aged and older population. Thus, these chronic conditions can be controlled more effectively with lifestyle interventions and more frequent use of proven pharmacologic therapies and revascularization (39), through which the incidence of secondary diseases such as CVD can be reduced, and the difference among populations is relatively small. Age, behavioral factors, and other risk factors may therefore have a relatively higher contributions in developed countries and regions, as shown by our results. In South Korea, which is undergoing both societal and epidemiological changes, we observed a relatively larger contribution of socioeconomic position and a smaller contribution of behavioral factors. Additionally, in line with recent studies, we recognized the potential coexistence of multiple chronic diseases/conditions among the older population, which may shift our current knowledge on single chronic diseases. Therefore, further studies must focus on the prevalence and cluster patterns of multiple chronic diseases to help better explain the roles of physiological factors.

We explored the potential mechanisms underlying the relatively high contribution of the socioeconomic position and behavioral factors to the CVD prevalence in the middle-aged and older population. The important roles of the health system may explain why the contribution of socioeconomic factors was higher in developing than developed countries because these factors hugely influence health literacy and access to healthcare services (40, 41). Intensive interactions between patients with chronic conditions and their care managers were reported in developed regions (42); this is a good example of improved management of chronic conditions under generally higher-quality healthcare systems and reduced disparity caused by individual socioeconomic factors. Global disparities in access to CVD care have resulted in an obvious hypertension and diabetes care cascade in developing countries. A study in 2017 showed that nearly half of Chinese adults aged 35 to 75 years had hypertension, but fewer than one-third were being treated and fewer than 1 in 12 had well-controlled blood pressure (43). Compared with China, the proportion of control in the United States (43.5%) was much higher (44). The situation was similar for patients with diabetes (45). The importance of behavioral factors is evident in Mexico, where access and quality of care are relatively low (46). Strengthening primary healthcare has been proven to be a cost-effective approach to address the cascade, but progress has stalled because of the complexity of horizontal interventions.

Considering ethnic, cultural, and context-related matters in determining the risk factors for disease as well as the comparative effectiveness of interventions (47), actions aiming to prevent and control the global CVD burden may need to tailor their approaches to different countries. In developed countries, reducing individual risk behaviors may be more effective in lowering the CVD burden, while in developing countries, strengthening the healthcare system may have higher priority. Moreover, joint international projects may help bridge the communication between developing and developed countries, which will facilitate sharing not only theoretical but also practical experiences of enhancing the capacity of healthcare systems.

This study had several limitations. First, the observational nature of our study limited our ability to investigate the causal relationship between risk factors and the CVD prevalence. Rather, the longitudinal associations found in the present study underscore the need for research to capitalize on the mechanistic basis behind the observed link between several social and environmental risk factors and inequalities in the CVD prevalence. Second, because of limitations in data availability, some other contributory factors (such as dietary factors) may have been excluded from this analysis, and these factors may vary across counties. Further studies will need to focus on dietary factors and their effects on the CVD prevalence among countries. Third, we attempted to identify differences in risk factors for CVD among different countries and regions with different social contexts. It was difficult to establish the parameters of the research. However, the methods for statistical analysis of data inherent in this study still contributed to the establishment of correlations between risk factors and the CVD prevalence in comparative studies and helped to provide implications for reducing the inequalities in the CVD prevalence by tacking with different risk factors in different settings.



Conclusion

The present study demonstrated the different patterns of determinant contributions across settings, highlighting the importance of national context in the CVD prevalence. Faced with the challenges produced by different risk factors, the implementation of tailored CVD prevention and control strategies may help to narrow disparities in the CVD prevalence by promoting health management and enhancing the capacity of healthcare systems across different countries.
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