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Background: Previous studies suggest that frailty increases the risk of mortality, but the risk of cardiovascular disease (CVD) and all-cause mortality in Chinese community-dwelling older adults remains understudied. Our aim was to explore the effect of frailty on cardiovascular and all-cause mortality in older adults based on a large-scale prospective survey of community-dwelling older adults in China.



Methods: We utilized the 2014–2018 cohort of the Chinese Longitudinal Healthy Longevity Survey and constructed a frailty index (FI) to assess frailty status. Propensity score matching was used to equalize the baseline characteristics of participants to strengthen the reliability of the findings. Hazard ratios and 95% confidence intervals (CIs) were estimated using multivariate Cox models, adjusting for potential confounders, to assess the association between frailty and cardiovascular and all-cause mortality. The relationship between frailty and cardiovascular mortality was further explored using a competing risk model considering death as a competing event. The dose–response relationships between them were estimated using restricted cubic spline models.



Results: The results of the multivariate Cox model found that the frailty group had a higher risk of CVD mortality (1.94, 95% CI: 1.43–2.63) and all-cause mortality (1.87, 95% CI: 1.63–2.14) in compared with the non-frailty group. The multivariate competing risks model suggested a higher risk of CVD mortality in the frailty group (1.94, 95% CI: 1.48–2.53). The analysis found no non-linear relationship between FI and the risk of CVD mortality but a non-linear dose–response relationship with the risk of all-cause mortality.



Conclusions: Frail older adults demonstrated a stronger risk of CVD and all-cause mortality. Reversing frailty in older adults is therefore expected to reduce the risk of death in older adults.
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1 Introduction

Globally, cardiovascular disease (CVD) remains one of the most common causes of death among older people (1, 2). This includes coronary heart disease, stroke, hypertension, and heart failure. Older people, as a high-risk group for impaired health, are similarly more susceptible to chronic diseases and a variety of other diseases, making all-cause mortality more common among older people. With the general trend of population aging, the incidence of CVD and mortality among older persons has increased accordingly (3, 4). Specifically, ischemic heart disease was the second leading cause of death among the Chinese population in 2016. In addition, China reported higher CVD age-standardized mortality and disability-adjusted life years (DALYs) than the United States and Japan in 2019 (5, 6). This poses a challenge to the management of cardiovascular health among older persons.

Frailty is a complex physiological state usually characterized by a reduced ability to tolerate stressors, resulting in weakened overall functioning and increased vulnerability. It is commonly observed in older adults (7–9). Biological age, estimated based on an individual's physiologic and health status, serves as an important biological indicator for assessing individual aging (10, 11). It is also thought to be associated with higher morbidity and mortality rates and reduced life expectancy (12). The frailty index (FI) is widely used to evaluate biological age, which assesses the frailty status as a continuous score by summing signs, symptoms, disabilities, and diseases (8, 13). Previous studies have shown that FI performs better in predicting mortality and, more precisely, defines the risk of developing adverse outcomes (14–16).

A significant amount of research has explored the relationship between frailty and mortality risk. Most meta-analyses and systematic reviews that consider all-cause mortality as the primary endpoint have concluded that frailty increases the risk of death (15, 17). Recently, more attention has been paid to frailty-induced cause-specific mortality, such as cardiovascular mortality, but most of them have focused on non-Chinese regions (18–20) or only on older adults with underlying diseases such as diabetes (21–23). There is still limited research on community-dwelling and older adults in China. The study by Fan et al. on frailty and idiosyncratic mortality in China also included only adults aged 30–79 years and did not include the more elderly population (24).

Our study aimed to explore the association between frailty and CVD and all-cause mortality in older adults using data from a highly representative national follow-up survey of older adults in China. Furthermore, we explored whether there is a potential dose–response relationship between the FI, which evaluates frailty status, and the risk of CVD and all-cause mortality. We hypothesized an association between frailty and mortality in older adults. Proposing effective interventions may help reduce the risk of CVD incidence and mortality in older adults.



2 Methods


2.1 Study design and participants

The data for this study were obtained from the Chinese Longitudinal Healthy Longevity Survey (CLHLS). Detailed information about this survey has been described elsewhere (25). As the database only investigated the cause of death of participants in 2018, the 2014–2018 cohort was selected for this study, with a total of 7,192 participants. The cohort dataset was cleaned according to the following exclusion criteria: (1) 10 participants who had died at baseline, (2) 255 participants with missing frailty indicators or more than 30% missing FI variables, and (3) 85 participants who were younger than 65 years. In addition, we excluded 1,758 participants with missing values for covariates from the main analyses. Ultimately, 5,084 older adults were included in the study. A detailed data-cleaning flowchart for this study is shown in Figure 1. All participants or their proxies signed a written informed consent form. The study was approved by the Biomedical Ethics Committee of Peking University (IRB00001052-13074). All methods were performed in accordance with the Declaration of Helsinki and relevant guidelines.


[image: Figure 1]
FIGURE 1
A flowchart for this study.




2.2 Outcome measures

The primary outcome indicator of our study was CVD mortality, referring to deaths where the cause was registered as circulatory. The CLHLS project interviewed relatives of older adults and registered the specific cause of death (including circulatory diseases, tumors, etc.) and the exact time of death interviewed in the 2018 survey of older adults who died. The secondary outcome was all-cause mortality, including all causes of death. Follow-up time was calculated as the number of days from the date of the baseline survey interview to the date of death registration or administrative review. Deaths were recorded by professionals according to the 10th edition of the International Classification of Diseases (ICD-10).



2.3 Exposure of interest

The exposure indicator of interest in this study was the frail status of older adults, which was assessed by the FI. The FI was constructed according to a standardized procedure and included 39 variables (26). Each variable was defined as binary or ordinal, with assigned values ranging from 0 to 1 (Supplementary Table S1). The FI was computed by dividing an individual's weighted count of actual cumulative deficits by the total number of healthy defects (27). We excluded individuals for whom data were missing for all defect indicators and those for whom data were missing for more than 30% of the defects. We defined FI ≥ 0.25 as frailty and FI < 0.25 as non-frailty (28).



2.4 Evaluation of covariates

Combining the specificity of the CLHLS and the findings of previous studies, three main components of potential confounders were considered in our study: socio-demographic factors, socio-behavioral factors, and dietary habits. The acquisition of all covariates was performed using face-to-face interviews and measurements. Socio-demographics used as covariates included age (categorized into three subcategories: 65–79, 80–89, and ≥90 years), sex, ethnicity, residence (categorized into city, town, and rural), co-residence (including family members, alone, and in nursing homes), education level (uneducated, primary education; junior and above level), total household income in the last year (>20,000 for high income, ≤20,000 yuan for low income), marital status (as a binary variable: married and other, including unmarried, divorced, and widowed), and the body mass index (BMI) at baseline (18.5–23.9 kg/m2 for normal individuals, <18.5 kg/m2 for underweight individuals, 24.0–27.9 kg/m2 for overweight persons, and ≥28.0 kg/m2 for obese). Socio-behavioral factors included smoking (never, former, and present), drinking status (never, former, and present), currently exercising regularly (question them, “exercise or not at present?”), regularly doing physical labor (question them, “have you done physical labor regularly?”), participating in social activities (question them, “do you take part in some social activities at present?”), and having a pension. Dietary habits mainly included fruit and vegetable intake (categorized as every day, often, occasionally, and never), meat intake (categorized as every day, per week, occasionally, and never), and the type of edible oil (including animal oils and vegetable oils).



2.5 Statistical analysis

To balance the differences in baseline characteristics between the two exposure groups (non-frailty and frailty), we used a 1:1 nearest-neighbor matching method based on the propensity score (PS) approach to achieve this using a caliper value = 0.1. This method removes confounding bias from observational cohorts that do not receive the benefit of randomization; it involves pairing each individual in the observation group with the closest matching individual from the control group until a match is found for each individual in the observation group (29, 30). PS was calculated using the logistic regression model for each participant and was used to match patients with similar confounder distributions (30). These were implemented using the R package “MatchIt” (31). Between-group balance was assessed for all covariates using the standardized mean difference (SMD), which compares the difference in means in terms of the combined standard deviation (32). A smaller SMD indicated less variation, and an SMD < 0.1 was considered better for balance (32). Furthermore, examining the distribution of PS in the original and matched groups, as well as the PS overlap, contributes to a quick and intuitive diagnosis of balance.

Differences in baseline characteristics between the two exposure groups were compared in the unmatched and matched datasets, respectively. All covariates were reported as categorical variables, presented as numbers (%), with comparisons made using chi-square tests. The incidence rates per 1,000 person-years and their 95% confidence intervals (CIs) were calculated. To estimate the association between frailty and CVD mortality and all-cause mortality, we used univariate and multivariate Cox proportional risk models to calculate hazard ratios (HRs) and 95% CIs. Moreover, considering CVD mortality as the major event and non-CVD death as a competing event, we used univariate and multivariate competing risk models to explore the association between frailty and CVD mortality. Model 1 is unadjusted, model 2 is adjusted for socio-demographic characteristics, model 3 is additionally adjusted for socio-behavioral factors, and model 4 is additionally adjusted for dietary habits. Proportional hazards (PH) assumption was checked for each model (including competing risk models) using the Schoenfeld residuals method. Each model satisfied the assumption of equal proportional risk (P > 0.10), and no collinearity was found between any of the variables [variance inflation factor (VIF) < 10]. The number of knots in the restricted cubic spline (RCS) model was selected based on the principle of maximizing the R2 of the model. The four-knots RCS regression model with FI = 0.1 as the reference level was used to explore the non-linear relationship between FI and CVD and all-cause mortality. In addition, we conducted subgroup and interaction analyses according to age, BMI, and sex.

Sensitivity analysis is likewise necessary. We performed the following analyses separately: (1) the frailty was divided into a three-categorical variable [robust (FI < 0.1), pre-frailty (0.1 ≤ FI < 0.25), and frailty (FI ≥ 0.25)] based on the majority of experience from previous studies; (2) we performed association analyses using inverse probability treatment weighting (IPTW) based on propensity scores; and (3) we used the multiple imputation method to generate 10 completely filled datasets, followed by estimation of HR and 95% CI according to Rubin's rule.

All statistical analyses were performed using R language software (version 4.2.2). Differences were considered statistically significant at P < 0.05.




3 Results


3.1 Characteristics of participants

Overall, 5,084 older adults were enrolled in the study, with 78.1% in the non-frailty group and 21.9% in the frailty group. A total of 1,482 deaths were recorded, of which 280 were due to CVD. The average age of these older adults was 85 (standard error: 10.1) years. The median follow-up times for CVD mortality and all-cause mortality were 4.03 (95% CI: 4.02–4.05) and 4.13 (95% CI: 1.13–1.14) years (17,597.7 person-years), respectively (Supplementary Figure S1). The incidence rates per 1,000 person-years for the cohort were 15.91 (95% CI: 12.47–19.35) and 84.22 (95% CI: 76.58–91.85), respectively. The baseline characteristics of the participants are shown in Supplementary Table S2. In the frailty group, there were higher proportions of advanced age (≥90 years), obesity, female gender, nursing home residence, lack of education, infrequent physical activity, absence of physical labor, no social activity, and small intake of fruits, vegetables, and meats compared with the non-frailty group (all P-values <0.05). We balanced differences in covariates between the two groups using propensity score matching (PSM). The individual PS distributions in the matched datasets showed large overlapping (Supplementary Figure S2). All covariates were well balanced, with SMD < 0.1, indicating no statistically significant difference between groups (Supplementary Figure S3).



3.2 Association between frailty and cardiovascular disease and all-cause mortality

Frailty is associated with a higher risk of cardiovascular disease and all-cause mortality in older adults. The results of the association analysis are demonstrated in Table 1. In the matched population, model 4 (adjusting for all covariates) demonstrated that the risk of CVD mortality was 1.94 folds (95% CI: 1.43–2.63) higher, and the risk of all-cause mortality was 1.87 folds (95% CI: 1.63–2.14) higher compared with the no-frailty group. Cumulative incidence curves, before and after covariate adjustment, indicated that the risk of CVD and all-cause mortality was higher in the frailty group than in the non-frailty group (see Figure 2). The same results were demonstrated in the unmatched population (see Supplementary Figure S4).


TABLE 1 A Cox analysis of the association between frailty and cardiovascular disease and all-cause mortality.
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FIGURE 2
The cumulative incidence probability curves for cardiovascular disease (A,B) and all-cause (C,D) mortality between the two groups (frailty and non-frailty) in the matched dataset. (A) and (C) are the cumulative incidence probability curves without adjusting for covariates, while (B) and (D) are the cumulative incidence probability curves after adjusting for all covariates.


The dose–response relationship between the frailty index and CVD and all-cause mortality is shown in Figure 3. Analysis of the results in the unmatched dataset revealed a linear relationship between the FI and the risk of developing CVD and all-cause mortality (P for linearity < 0.001). However, the results of the analysis of the matching dataset indicated that there was no non-linear relationship between the FI and the risk of incidence of CVD mortality (P for non-linearity = 0.121); also, a linear measured response relationship was observed between the FI and both CVD and all-cause mortality (P for linearity < 0.001). The RCS results indicated that the risk of incidence of both CVD and all-cause mortality was greater as the FI increased. In addition, there was also a non-linear relationship between age and the risk of all-cause mortality (P for non-linearity = 0.0141). The risk of CVD mortality increased with age, but there was no association with BMI. The risk of all-cause mortality increased with age, in contrast to BMI (Supplementary Figure S5).


[image: Figure 3]
FIGURE 3
The association between the frailty index and cardiovascular disease (A,B) and all-cause (C,D) mortality according to RSC regression, with frailty index = 0.1 as a reference. The hazard ratios and 95% CIs were calculated by adjusting for all covariates.




3.3 Association between frailty and cardiovascular disease mortality according to competing risk models

There was a statistically significant difference in CVD mortality between the non-frailty and frailty groups (P < 0.01, Supplementary Fig. S6). The results of the cause-of-death competing risk modeling for CVD deaths indicated that frailty was an independent risk factor for the incidence of CVD mortality (Supplementary Table S3). The results of the model after association for all covariates showed that the HR for the frailty group compared with the non-frailty group was 1.94 (95% CI: 1.48–2.53) and 1.62 (95% CI: 1.19–2.20) in the unmatched and matched datasets, respectively. Hence, after considering other death-competing events, frailty remains associated with a higher risk of CVD mortality in older adults.



3.4 Subgroup and interaction analysis between the frailty and cardiovascular disease and all-cause mortality

According to the multivariate-adjusted model in the matched dataset, we performed subgroup analyses based on age (65–89 and ≥90 years old), BMI levels (< 18.5, 18.5–23.9, and ≥24.0 kg/m2), and sex subgroups (see Figure 4). All subgroups, except the BMI <18.5 subgroup (P = 0.058), indicated that frailty was associated with a higher risk of CVD mortality in older adults (P < 0.05). However, all subgroups found that frailty was associated with a higher risk of all-cause mortality (P < 0.05). Moreover, there was no interaction between subgroup characteristics and frailty (P for interaction > 0.05). This suggests that frailty is an independent risk factor for CVD and all-cause mortality.


[image: Figure 4]
FIGURE 4
The association of frailty with cardiovascular disease and all-cause mortality in each subgroup in the matched dataset. HRs and their 95% CIs, P-values, and interaction P-values were calculated by Cox models adjusted for all covariates.


The RCS model results found no non-linear relationship between the FI and the risk of incidence of CVD mortality in all subgroups (P for non-linearity > 0.05, Supplementary Figure S7). However, there was a non-linear association between the FI and the risk of occurrence of all-cause mortality in all subgroups except in the BMI ≥24.0 subgroup (P for non-linearity = 0.346, Supplementary Figure S8). With greater FI, the risk of incidence of CVD and all-cause mortality became stronger (P for linearity < 0.05). The RCS curves in all subgroups showed more consistent results; that is, greater FI corresponded to a greater risk of incident CVD or all-cause mortality.



3.5 Sensitivity analysis

To confirm the robust association between frailty and the risk of incidence of CVD and all-cause mortality, we performed multiple sensitivity analyses. All the results were consistent with primary analyses (Supplementary Table S4). In addition, we also observed that the pre-frailty and frailty groups exhibited similarly increased risk of CVD and all-cause mortality incidence compared with the robust group (Supplementary Table S5). Furthermore, the results of the competing risk analysis in the complete matched datasets were also consistent with the primary results (Supplementary Table S6).




4 Discussion

This is a study to observe the association between frailty and the incidence of CVD and all-cause mortality among community-based older adults in China. Our results found that frail older adults were more likely to experience CVD and all-cause mortality compared with the non-frail ones. There was a dose–response relationship for this association; that is, the risk of CVD and all-cause mortality became stronger with a greater frailty index. Individuals with a smaller FI, such as those between 0.1 and 0.25 (often considered pre-frailty), have a smaller risk of death compared with those with a greater FI (FI ≥ 0.25), especially in robust individuals (FI < 0.1). Therefore, this implies that reversing or delaying a frail status can contribute to reducing the risk of death in older adults. Subsequently, subgroup and multiple sensitivity analyses were performed to verify the stability of the findings obtained, and the results demonstrated consistency.

Our study found the prevalence of frailty to be 21.9% (1,111/5,084), which is consistent with the findings of most previous studies (18, 33). In addition, the mortality rate in this study was higher than in a previous study conducted in China (24). In that study, the all-cause mortality rate per 1,000 person-years was 54.6. The mortality rates for ischemic heart disease and cerebrovascular disease per 1,000 person-years were 9.6 and 12.9, respectively, which we believe may be because our study population consisted of older adults aged 65 years or older, compared with adults aged 30–79 years in their study. The reason why older adults have a higher mortality rate than younger adults is because they are more susceptible to a variety of diseases. Biologically, aging is the result of a gradual accumulation of various molecular and cellular damages over time, which contribute to a gradual decline in physical abilities and an increasing risk of disease and, ultimately, death.

Frailty has received much attention in recent years as one of the most commonly used indicators for evaluating the biological age of an individual. Several studies have reported the association between frailty and CVD mortality or other mortality. Fan et al. found that frailty increased the risk of all-cause mortality, ischemic heart disease, cerebrovascular disease, cancer, and other deaths in a subgroup of individuals aged 65 years or older, as well as in those younger than 65 years (24). Furthermore, a review study by Ekram et al. showed that using three scales for assessing frailty, the estimated risk ratio between frailty and all-cause mortality was 2.34 (95% CI: 1.77–3.09), and their association did not differ between ages (34). The results of a meta-analysis suggested that the FI was a significant predictor of mortality (15). Each 0.01 increase in the FI was associated with a 4% increase in the mortality risk. Matsuo et al. investigated the association between frailty and the risk of mortality among people aged 65 years or older who underwent health checkups in Japan and found that, compared with the healthy group, the pre-frailty group and the frailty group had an increased risk of all-cause mortality, cardiovascular disease, respiratory disease, and cancer mortality (33). Shi et al. found a positive correlation between an increase in FI over a 1-year period and an increased risk of mortality (35). In summary, the above studies confirm the association between frailty and CVD and all-cause mortality. This is consistent with the main finding of the present study.

Frail older adults are more susceptible to cardiovascular events and have significantly higher mortality (36). This association may be due to the combined effect of multiple physiologic and pathologic factors. The relationship between frailty and CVD mortality and all-cause mortality in older adults is complex and diverse. With increasing age, the cardiovascular system undergoes multiple changes, including atherosclerosis, decreased vascular elasticity, and dysregulation of the autonomic nervous system (37–39). These changes may be more pronounced in the frail state, resulting in older adults being more vulnerable to cardiovascular risk factors. Research suggests that the frail state may be associated with a decline in the cardiovascular system (40). These physiologic changes may increase the risk of cardiovascular disease in older adults. In addition, frailty may indirectly affect the development and progression of cardiovascular disease by affecting the overall resistance, immune system function, and inflammatory status of older adults (41, 42). Therefore, frailty consistently increases the risk of developing cardiovascular mortality. The trend toward non-linearity between FI and all-cause mortality may also be related to physiologic reserve in older adults, the interplay of multiple chronic conditions, and other factors that may influence mortality risk. At lower levels of the FI, several physiologic and health problems may begin to manifest themselves, resulting in a dramatic increase in mortality risk. However, once a certain level of frailty is reached, several physiological adaptive mechanisms may have been triggered, leading to a slowing down of the increase in mortality risk. This view is supported by the theory of physiological redundancy (27, 43). This is why the results of our subgroup analyses found that frailty was less associated with the risk of cardiovascular and all-cause mortality in advanced age (≥90 years) than in other older adults (65–89 years).

Our study revealed several findings of interest. Consumption of animal oils, such as lard, was associated with a lower risk of CVD mortality (HR: 0.53, 95% CI: 0.34–0.84) in older adults compared with the consumption of vegetable oils. This is in agreement with the findings of Wang et al. (44). However, the biological mechanisms associated with it are not clear. This may be related to the unique dietary habits of older Chinese adults. We also found that being underweight was associated with a higher risk of all-cause mortality in older adults (HR: 1.19, 95% CI: 1.06–1.33) in older adults. Several studies have suggested that being moderately underweight may be associated with a lower risk of all-cause mortality, especially in older adults (45). Underweight older people may suffer from malnutrition, which can lead to a decline in their immune function and reduce their disease resistance. In addition, a prospective research study confirmed that being underweight is associated with a higher risk of stroke, myocardial infarction, and death (46).

There are several advantages to our study. First, the study has a large sample size based on a national survey, which is extremely representative of older Chinese adults. It is also a prospective cohort study, which found a strong causal effect of frailty on the risk of CVD and all-cause mortality. Second, we also used propensity score methods to control for potential confounders, alongside multiple sensitivity analyses and competing risk analyses, ensuring that the findings were extremely reliable.


4.1 Limitations

This study has several notable limitations. First, the population in this study was mainly older Chinese adults, and the findings may not apply to other countries or regions. Of course, several other studies agree with the main findings of our study (15). Second, we did not include those under 65 years of age, who were also found to have a higher prevalence of frailty (47). Third, the frail state is unstable and worsens or reverses with age. Due to the restrictions of available data, this study only considered the frailty state at baseline. Finally, the present study was observational, and it is difficult to avoid the presence of unknown confounders interfering with the study, even though propensity score methods were used.



4.2 Future directions

Future studies should examine the association between dynamically changing frailty status and the risk of CVD or multiple other causes of mortality using long-term follow-up data from larger older populations. In addition, measures to control for potential confounders in observational studies are needed.




5 Conclusion

Frailty in older adults is associated with a higher risk of cardiovascular disease and all-cause mortality. Even when other competing events for death were considered, frailty remained associated with higher CVD mortality. In addition, the risk of cardiovascular disease and all-cause mortality increased as the frailty index increased. Our findings could help prevent deaths in frail older adults, and improving their lifestyles could help reduce mortality. Further longitudinal studies of frailty dynamics in older populations are necessary.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors without undue reservation.



Author contributions

HG: Conceptualization, Data curation, Formal Analysis, Writing – original draft, Writing – review & editing. QM: Supervision, Writing – review & editing. JL: Investigation, Methodology, Writing – original draft. QZ: Resources, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This work was supported in part by the Henan Province medical science and technology research plan joint construction project: The effect of lipid gene polymorphism on blood lipid level in the population of eastern Henan Province (LHGJ20210988). The funding body did not play any roles in the design of the study and collection, analysis, and interpretation of data and in writing the manuscript.



Acknowledgments

This research has been conducted using the CLHLS. The authors express their gratitude to all the staff, participants, interviewees, and their families who were involved in the CLHLS project survey.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fcvm.2024.1499099/full#supplementary-material.



Abbreviations

FI, frailty index; CVD, cardiovascular disease; CLHLS, Chinese Longitudinal Healthy Longevity Survey; ICD, International Classification of Diseases; PS, propensity score; PSM, propensity score matching; BMI, body mass index; HR, hazard ratio; CI, confidence interval; SMD, standardized mean difference; VIF, variance inflation factor; RCS, restricted cubic spline; IPTW, inverse probability treatment weighting.



References

1. Aune D, Giovannucci E, Boffetta P, Fadnes LT, Keum N, Norat T, et al. Fruit and vegetable intake and the risk of cardiovascular disease, total cancer and all-cause mortality—a systematic review and dose-response meta-analysis of prospective studies. Int J Epidemiol. (2017) 46(3):1029–56. doi: 10.1093/ije/dyw319

2. Roth GA, Mensah GA, Johnson CO, Addolorato G, Ammirati E, Baddour LM, et al. Global burden of cardiovascular diseases and risk factors, 1990–2019: update from the GBD 2019 study. J Am Coll Cardiol. (2020) 76(25):2982–3021. doi: 10.1016/j.jacc.2020.11.010

3. Zhang J, Tong H, Jiang L, Zhang Y, Hu J. Trends and disparities in China’s cardiovascular disease burden from 1990 to 2019. Nutr Metab Cardiovasc Dis. (2023) 33(12):2344–54. doi: 10.1016/j.numecd.2023.07.039

4. Winter JE, MacInnis RJ, Wattanapenpaiboon N, Nowson CA. BMI and all-cause mortality in older adults: a meta-analysis. Am J Clin Nutr. (2014) 99(4):875–90. doi: 10.3945/ajcn.113.068122

5. Zhao D, Liu J, Wang M, Zhang X, Zhou M. Epidemiology of cardiovascular disease in China: current features and implications. Nat Rev Cardiol. (2019) 16(4):203–12. doi: 10.1038/s41569-018-0119-4

6. Zhu M, Jin W, He W, Zhang L. The incidence, mortality and disease burden of cardiovascular diseases in China: a comparative study with the United States and Japan based on the GBD 2019 time trend analysis. Front Cardiovasc Med. (2024) 11:1408487. doi: 10.3389/fcvm.2024.1408487

7. Clegg A, Young J, Iliffe S, Rikkert MO, Rockwood K. Frailty in elderly people. Lancet. (2013) 381(9868):752–62. doi: 10.1016/s0140-6736(12)62167-9

8. Hoogendijk EO, Afilalo J, Ensrud KE, Kowal P, Onder G, Fried LP. Frailty: implications for clinical practice and public health. Lancet. (2019) 394(10206):1365–75. doi: 10.1016/S0140-6736(19)31786-6

9. Dent E, Martin FC, Bergman H, Woo J, Romero-Ortuno R, Walston JD. Management of frailty: opportunities, challenges, and future directions. Lancet. (2019) 394(10206):1376–86. doi: 10.1016/S0140-6736(19)31785-4

10. Lohman T, Bains G, Berk L, Lohman E. Predictors of biological age: the implications for wellness and aging research. Gerontol Geriatr Med. (2021) 7:23337214211046419. doi: 10.1177/23337214211046419

11. Bafei SEC, Shen C. Biomarkers selection and mathematical modeling in biological age estimation. NPJ Aging. (2023) 9(1):13. doi: 10.1038/s41514-023-00110-8

12. Belsky DW, Caspi A, Houts R, Cohen HJ, Corcoran DL, Danese A, et al. Quantification of biological aging in young adults. Proc Natl Acad Sci U S A. (2015) 112(30):E4104–10. doi: 10.1073/pnas.1506264112

13. Kim S, Myers L, Wyckoff J, Cherry KE, Jazwinski SM. The frailty index outperforms DNA methylation age and its derivatives as an indicator of biological age. GeroScience. (2017) 39(1):83–92. doi: 10.1007/s11357-017-9960-3

14. Yang M, Zhuo Y, Hu X, Xie L. Predictive validity of two frailty tools for mortality in Chinese nursing home residents: frailty index based on common laboratory tests (FI-Lab) versus FRAIL-NH. Aging Clin Exp Res. (2018) 30(12):1445–52. doi: 10.1007/s40520-018-1041-7

15. Kojima G, Iliffe S, Walters K. Frailty index as a predictor of mortality: a systematic review and meta-analysis. Age Ageing. (2018) 47(2):193–200. doi: 10.1093/ageing/afx162

16. Rockwood K, Andrew M, Mitnitski A. A comparison of two approaches to measuring frailty in elderly people. J Gerontol A Biol Sci Med Sci. (2007) 62(7):738–43. doi: 10.1093/gerona/62.7.738

17. Kim DJ, Massa MS, Potter CM, Clarke R, Bennett DA. Systematic review of the utility of the frailty index and frailty phenotype to predict all-cause mortality in older people. Syst Rev. (2022) 11(1):187. doi: 10.1186/s13643-022-02052-w

18. Ko D, Bostrom JA, Qazi S, Kramer DB, Kim DH, Orkaby AR. Frailty and cardiovascular mortality: a narrative review. Curr Cardiol Rep. (2023) 25(4):249–59. doi: 10.1007/s11886-023-01847-0

19. Peng Y, Zhong GC, Zhou X, Guan L, Zhou L. Frailty and risks of all-cause and cause-specific death in community-dwelling adults: a systematic review and meta-analysis. BMC Geriatr. (2022) 22(1):725. doi: 10.1186/s12877-022-03404-w

20. Court T, Capkova N, Pająk A, Tamosiunas A, Bobák M, Pikhart H. Frailty index is an independent predictor of all-cause and cardiovascular mortality in Eastern Europe: a multicentre cohort study. J Epidemiol Community Health. (2024) 79(1):56–63. doi: 10.1136/jech-2023-221761

21. Chen L, Li X, Lv Y, Tan X, Zhong VW, Rong S, et al. Physical frailty, adherence to ideal cardiovascular health and risk of cardiovascular disease: a prospective cohort study. Age Ageing. (2023) 52(1):afac311. doi: 10.1093/ageing/afac311

22. Xiong YJ, Meng XD, Xu HZ, Zhu XY. Association of frailty index with all-cause and cardiovascular mortality with different diabetic status: NHANES 1999–2018. Acta Diabetol. (2024). doi: 10.1007/s00592-024-02348-4

23. Ning N, Fan X, Zhang Y, Wang Y, Liu Y, Li Y, et al. Joint association of cardiovascular health and frailty with all-cause and cause-specific mortality: a prospective study. Age Ageing. (2024) 53(7):afae156. doi: 10.1093/ageing/afae156

24. Fan J, Yu C, Guo Y, Bian Z, Sun Z, Yang L, et al. Frailty index and all-cause and cause-specific mortality in Chinese adults: a prospective cohort study. Lancet Public Health. (2020) 5(12):e650–60. doi: 10.1016/S2468-2667(20)30113-4

25. Zeng Y, Feng Q, Hesketh T, Christensen K, Vaupel JW. Survival, disabilities in activities of daily living, and physical and cognitive functioning among the oldest-old in China: a cohort study. Lancet. (2017) 389(10079):1619–29. doi: 10.1016/s0140-6736(17)30548-2

26. Searle SD, Mitnitski A, Gahbauer EA, Gill TM, Rockwood K. A standard procedure for creating a frailty index. BMC Geriatr. (2008) 8(1):24. doi: 10.1186/1471-2318-8-24

27. Chen Q, Tang B, Zhai Y, Chen Y, Jin Z, Han H, et al. Dynamic statistical model for predicting the risk of death among older Chinese people, using longitudinal repeated measures of the frailty index: a prospective cohort study. Age Ageing. (2020) 49(6):966–73. doi: 10.1093/ageing/afaa056

28. Song X, Mitnitski A, Rockwood K. Prevalence and 10-year outcomes of frailty in older adults in relation to deficit accumulation. J Am Geriatr Soc. (2010) 58(4):681–7. doi: 10.1111/j.1532-5415.2010.02764.x

29. Austin PC. A comparison of 12 algorithms for matching on the propensity score. Stat Med. (2014) 33(6):1057–69. doi: 10.1002/sim.6004

30. Benedetto U, Head SJ, Angelini GD, Blackstone EH. Statistical primer: propensity score matching and its alternatives. Eur J Cardiothorac Surg. (2018) 53(6):1112–7. doi: 10.1093/ejcts/ezy167

31. Ho D, Imai K, King G, King G. MatchIt: nonparametric preprocessing for parametric causal inference. J Stat Softw. (2011) 42(8):1–28. doi: 10.18637/jss.v042.i08

32. Austin PC. Balance diagnostics for comparing the distribution of baseline covariates between treatment groups in propensity-score matched samples. Stat Med. (2009) 28(25):3083–107. doi: 10.1002/sim.3697

33. Matsuo R, Matsumoto N, Mitsuhashi T, Takao S, Yorifuji T. Frailty and all-cause and cause-specific mortality in Japan. Arch Gerontol Geriatr. (2023) 107:104906. doi: 10.1016/j.archger.2022.104906

34. Ekram A, Woods RL, Britt C, Espinoza S, Ernst ME, Ryan J. The association between frailty and all-cause mortality in community-dwelling older individuals: an umbrella review. J Frailty Aging. (2021) 10(4):320–6. doi: 10.14283/jfa.2021.20

35. Shi SM, Olivieri-Mui B, McCarthy EP, Kim DH. Changes in a frailty index and association with mortality. J Am Geriatr Soc. (2021) 69(4):1057–62. doi: 10.1111/jgs.17002

36. Damluji AA, Chung S-E, Xue Q-L, Hasan RK, Moscucci M, Forman DE, et al. Frailty and cardiovascular outcomes in the National Health and Aging Trends Study. Eur Heart J. (2021) 42(37):3856–65. doi: 10.1093/eurheartj/ehab468

37. Singam NSV, Fine C, Fleg JL. Cardiac changes associated with vascular aging. Clin Cardiol. (2020) 43(2):92–8. doi: 10.1002/clc.23313

38. Tyrrell DJ, Goldstein DR. Ageing and atherosclerosis: vascular intrinsic and extrinsic factors and potential role of IL-6. Nat Rev Cardiol. (2021) 18(1):58–68. doi: 10.1038/s41569-020-0431-7

39. Jakovljevic DG. Physical activity and cardiovascular aging: physiological and molecular insights. Exp Gerontol. (2018) 109:67–74. doi: 10.1016/j.exger.2017.05.016

40. Howlett SE, Rutenberg AD, Rockwood K. The degree of frailty as a translational measure of health in aging. Nat Aging. (2021) 1(8):651–65. doi: 10.1038/s43587-021-00099-3

41. Li H, Manwani B, Leng SX. Frailty, inflammation, and immunity. Aging Dis. (2011) 2(6):466–73.22396895

42. Pansarasa O, Mimmi MC, Davin A, Giannini M, Guaita A, Cereda C. Inflammation and cell-to-cell communication, two related aspects in frailty. Immun Ageing. (2022) 19(1):49. doi: 10.1186/s12979-022-00306-8

43. Rockwood K, Rockwood MR, Mitnitski A. Physiological redundancy in older adults in relation to the change with age in the slope of a frailty index. J Am Geriatr Soc. (2010) 58(2):318–23. doi: 10.1111/j.1532-5415.2009.02667.x

44. Wang B, Tian G, Zhang Q. Vegetable oil or animal fat oil, which is more conducive to cardiovascular health among the elderly in China? Curr Probl Cardiol. (2023) 48(2):101485. doi: 10.1016/j.cpcardiol.2022.101485

45. Cheng FW, Gao X, Mitchell DC, Wood C, Still CD, Rolston D, et al. Body mass index and all-cause mortality among older adults. Obesity (Silver Spring). (2016) 24(10):2232–9. doi: 10.1002/oby.21612

46. Kwon H, Yun JM, Park JH, Cho BL, Han K, Joh HK, et al. Incidence of cardiovascular disease and mortality in underweight individuals. J Cachexia Sarcopenia Muscle. (2021) 12(2):331–8. doi: 10.1002/jcsm.12682

47. Loecker C, Schmaderer M, Zimmerman L. Frailty in young and middle-aged adults: an integrative review. J Frailty Aging. (2021) 10(4):327–33. doi: 10.14283/jfa.2021.14



OPS/images/fcvm-11-1499099-g004.jpg
Adjusted

Characteristics Subgroups _Fl group Hazard ratio (95% CI) P Pforinteraction
Cardiovascular Disease Mortality
Age (year) 0858
65-89  Non-frailty 1,00 (reference) .
Fraity 2.16(1.30-3.59) —_— 0003
290 Non-frailty 1.00 (reference) .
Fraity 188 (1.27-278) —_— 0.001
BMI (Kg/?) 0217
<185  Non-fraity 1.00 (reference) .
Fraity 157 (0.99-249) —_— 0058
18.5-23.9 Non-frailty 1.00 (reference) .
Fraitty 187 (1.18-296) —_— 0.008
2240 Non-frailty 1,00 (reference) -
Fraity 7.19 (1.86-27.77) —_————— 00
Sex 0174
Male  Non-frailty 1.00 (reference) .
Fraity 244(152-3.92) —_— <0.001
Female  Non-frailty 1.00 (reference) .
Fraity 1,56 (1.04-235) —_— 0032
All-cause Mortality
Age (vear) 0.397
65-89  Non-frailty 1.00 (reference) .
2,08 (1.62-267) —— <0.001
290 Non-frailty 1.00 (reference) .
Fraity 180 (1.53-2.11) — <0.001
BMI (Kg/?) 0.200
<185  Non-frailty 1.00 (reference) .
Fraity 2,01 (1.65-245) —— <0.001
18.5-23.9 Non-frailty 1.00 (reference) .
Fraitty 161(1.29-2.01) —— <0.001
2240 Non-frailty 1.00 (reference) ]
Fraity 229(1.53-3.43) —_— <0.001
Sex 0606
Male  Non-frailty 1.00 (reference) .
Fraity 192 (1.55-238) —— <0.001
Female  Non-frailty 1.00 (reference) .
Fraity 183 (1.53-2.18) — <0.001

e e e N s e |
0810 15 20 25 30 35 40 45 50





OPS/images/fcvm-11-1499099-g003.jpg
Hazard Ratio (95% Cl)

Hazard Ratio (95% CI)

@

Cardiovascular Disease Mortality Cardiovascular Disease Mortality

P for non-linearity < 0.001 . P for non-inearity = 0121
P for linearity < 0.001

e P for linearity <0.001

Matched Hazard Ratio (95% CI)
6

00 01 0z 03 04 05 o5 07 04 02 03 04 05 o8 07
Frailty Index Frailty Index
All-cause Mortality D All-cause Mortality
P for non-linearity < 0.001 P for non-linearity < 0.001

P for linearity < 0.001 e P for linearity < 0.001

g
;-4
i
3
2
£
2

0o 01 02 03 04 0s 08 o7 o1 0z 03 04 os 08 X3
Frailty Index Frailty Index





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Association of frailty with cardiovascular and all-cause mortality in community-dwelling older adults: insights from the Chinese longitudinal healthy longevity survey

		1 Introduction



		2 Methods



		2.1 Study design and participants



		2.2 Outcome measures



		2.3 Exposure of interest



		2.4 Evaluation of covariates



		2.5 Statistical analysis











		3 Results



		3.1 Characteristics of participants



		3.2 Association between frailty and cardiovascular disease and all-cause mortality



		3.3 Association between frailty and cardiovascular disease mortality according to competing risk models



		3.4 Subgroup and interaction analysis between the frailty and cardiovascular disease and all-cause mortality



		3.5 Sensitivity analysis











		4 Discussion



		4.1 Limitations



		4.2 Future directions











		5 Conclusion



		Data availability statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher's note



		Supplementary material



		References



















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Cardiovascular Medicine

Association of frailty with cardiovascular
and all-cause mortality in
community-dwelling older adults: insights
from the Chinese longitudinal healthy
longevity survey









OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Cardiovascular Medicine





OPS/images/fcvm-11-1499099-t001.jpg
Frailty group Original (n = 5,084) Matched (n = 2,190)

HR (95% ClI) P-value HR (95% CI) P-value

Cardiovascular disease mortality

Model 1 Non-frailty 1 (Ref) 1 (Ref)

Frailty 294 (231-3.74) <0001 177 (131-239) <0.001
Model 2 Nonfrailty 1 (Ref)) 1 (Ref)

Frailty 241 (188-3.09) <0.001 187 (1.38-2.53) <0001
Model 3 Non-frailty 1 (Ref.) 1 (Ref)

Frailty 225 (1.75-290) <0001 186 (1.37-2.52) <0.001
Model 4 Non-frailty 1 (Ref) 1 (Ref)

Frailty 228 (1.77-295) <0001 194 (1.43-2.63) <0.001
All-cause mortali
Model 1 Nonfrailty 1 (Ref)) 1 (Ref)

Frailty 256 (230-3.84) <0.001 173 (1,51-1.97) <0001
Model 2 Non-frailty 1 (Ref.) 1 (Ref)

Frailty 196 (1.75-2.18) <0001 184 (161-2.11) <0.001
Model 3 Non-frailty 1 (Ref) 1 (Ref)

Frailty 187 (1.67-2.09) <0001 184 (1L61-2.11) <0.001
Model 4 Non-frailty 1 (Ref)) 1 (Ref)

Frailty 185 (1.65-2.07) <0.001 187 (1.63-2.14) <0001

BMI, body mass index; HR, hazard ratio; CI, confidence interval; Ref,, reference.
“Model: model 1 was unadjusted; model 2 was adjusted for age, sex, ethnicity, residence, co-residence, education, tofal income, marital status, and BMI; model 3 included additional adjustments
for smoking, drinking, exercising, physical labor, social activities, and pension, building upon model 2; model 4 was further adjusted for fruit intake, vegetable intake, edible oil consumption,
s maet firtake. Billding: wion: modsd -






OPS/images/fcvm-11-1499099-g002.jpg
>

50%

40%.

30%

70%

60%

50%

Cardiovascular Disease Mortality

B
2

Cardiovascular Disease Mortality

730 1095
Follow up time (days)
All-cause Mortality

Hazard ratio for All-cause mortality
1.73 (95%Cl: 1.51 t0 1.97)
P <0.001

= Nonfrailty
= Frailty

o
g 8 3
2 ® =R

&
=

3 8
xR

2
=

5 70%
Hazard ratio for CVD-mortality: 3 Hazard ratio for CVD-mortality:
1.77 (95%Cl: 131 10 2.39) 601 194 (95%CI: 143102:63)
P <0.001 @ P <0.001
2 50%
3
3
S 0%
= Non-frailty = = Nonfrailty
= Frailty 2 30% = Frailty
=
g 20%
3
o
5 10%
2
]
2 %
[ 365 1460 1825 2 3 365 1460 1825

730 1095
Follow up time (days)
All-cause Mortality

Hazard ratio for All-cause mortality:
1.87 (95%Cl: 1.63 10 2.14)
P <0001

= Non-frailty
= Frailty

0 365 109 1460

730 5 1825
Follow up time (days)

Adjusted Cumulative Incidence Probabili
8
=

[ 365 1095 1460

730 1825
Follow up time (days)





OPS/images/fcvm-11-1499099-g001.jpg
Cardiovascular Disease Mortality

Non-frailty
[ 4
e =,
Frailty f“““"""_‘m‘\__ﬁl. All-cause Mortality
o—o-

0 1 2 3 4 5 (year)

2014 - 2018 Cohort
n=7192

Exclusion criteria:

(1). 10 participants had died at baseline;
(2). 255 more than 30% FI variables are
missing;

(3). 85 less than 65 years old;

(4). 1758 had missing values for covariates.

5084 participants include in the study






