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Background: According to recent research, there is a considerable correlation between the severity of coronary artery disease and the platelet-to-high-density lipoprotein cholesterol ratio (PHR), which suggests that PHR is a potentially valuable inflammatory biomarker. However, the body of current research offers insufficiently strong evidence to clarify the connection between PHR and the incidence of stroke. Therefore, this study aims to elucidate any potential associations between PHR and stroke risk.

Methods: This study employed data from the China Health and Retirement Longitudinal Study (CHARLS) covering the period from 2011 to 2018. It included 5,872 participants who did not have a history of stroke in 2011. These patients were separated into four groups according to their baseline PHR quartiles. The main goal of the study was to focus on stroke outcomes. Stroke was defined as an occurrence of a cerebrovascular accident confirmed by a physician. We employed Cox proportional hazards regression models to investigate the association between PHR and the likelihood of experiencing a stroke. Furthermore, we conducted restricted cubic spline regression analysis and subgroup analysis.

Results: The average follow-up period was 77.5 months, during which 390 participants experienced a stroke. In comparison to the lowest quartile group, participants in the highest quartile of PHR had a 49% increased risk of stroke (HR 1.49, 95% CI 1.13–1.96, p = 0.004). The adjusted multivariable Cox regression analysis maintained the statistical significance of this association (aHR 1.42, 95% CI 1.06–1.90, p = 0.019). After adjustment, a positive linear relationship between stroke risk and PHR was identified through restricted cubic spline regression analysis (nonlinear p > 0.05). Additionally, the impact of stroke was consistent across a variety of subgroups, as evidenced by subgroup analysis.

Conclusion: Our study indicates that higher PHR levels are significantly associated with an increased risk of stroke and that these levels can be used to identify groups that are at high risk of stroke.
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Introduction

Stroke is a localized neurological impairment lasting over 24 h or fatal (1). The Global Burden of Disease Study in 2019 found that stroke burden increased significantly from 1990 to 2019. Stroke incidence grew 70.0%, stroke-related fatalities 43.0%, and stroke-related DALYs 32%. In 2019, it was estimated that there were 12.2 million new stroke cases globally, with an estimated total of 101 million affected individuals. Stroke has emerged as the third leading cause of the global disease burden. With a total of 28.76 million stroke patients, there were 3.94 million new instances of stroke in China in 2019. This is a 124% increase since 1990. China is facing one of the most significant stroke challenges globally (2). Thus, identifying and managing stroke risk factors is critical for reducing this societal burden.

Atherosclerosis develops and progresses due in large part to inflammation, with platelets being essential to this process (3, 4). A growing amount of research indicates a strong correlation between high levels of inflammatory biomarkers and stroke (5–7). The development of atherosclerosis and related inflammation depends on platelet activation and aggregation (8). Additionally, there is an increasing acknowledgement of the critical function of platelets in immune responses and inflammation (9). Previous research has indicated that platelets, as a core component of inflammatory markers and the coagulation cascade, are important in assessing stroke risk (10).

In contrast, it has been demonstrated that high-density lipoprotein cholesterol (HDL-C) has a number of anti-thrombotic, anti-inflammatory, and anticoagulant properties (11–13). Research has indicated a potential correlation between an elevated risk of stroke and reduced levels of HDL-C. As a result, HDL-C and platelet count are important markers of inflammatory alterations and blood rheology.

The platelet-to-high-density lipoprotein cholesterol ratio (PHR) has recently emerged as a potential inflammatory biomarker. It is thought to be a good predictor of metabolic syndrome, non-alcoholic fatty liver disease, and liver fibrosis (14, 15). Not only that, but new studies have linked high PHR levels to poor long-term health outcomes in T2DM and CAD patients (16). Zhang et al. (17) found that an increase in PHR levels is associated with an increased risk of cardiovascular disease mortality in patients with depression. The study by Wang et al. (18) found a significant association between PHR levels and the prevalence of heart failure. The study conducted by Zhang et al. demonstrated a direct association between PHR and the occurrence of stroke, as well as a direct linear connection between PHR and the death rate from cardiovascular disease in individuals who had survived a stroke (19). Nevertheless, the existing study on the association between PHR and stroke is currently insufficient, and additional investigation into their connection is required. This study employed data from the China Health and Retirement Longitudinal Study (CHARLS) spanning from 2011 to 2018 to carry out a prospective cohort analysis. The aim is to investigate the correlation between PHR and the occurrence of new-onset stroke, in order to provide additional reference materials for stroke prevention in middle-aged and older adults in China.



Methods


Data source and study population

In this study, data from the China Health and Retirement Longitudinal Study (CHARLS) were used for a secondary analysis. A thorough nationwide longitudinal research called CHARLS1 was created to evaluate the population’s social, health, and economic circumstances (19). As previously reported in publications (19), the CHARLS cohort was created by means of a multi-stage probability sampling procedure that selected participants from 450 villages in 150 counties spread across 28 provinces. Target people 45 years of age and older were included in the baseline survey, which was finally completed by 12,115 participants between June 2011 and March 2012. During individual interviews, data were gathered using standardized questionnaires, and follow-up interviews were held around every 2 years. The Biomedical Ethics Review Committee of Peking University in China granted ethical approval for the CHARLS project (IRB00001052-11015). Prior to their involvement in the study, all research participants provided written consent. The CHARLS project website provides public access to the datasets that are pertinent to this investigation (19).

Our study used 2011–2018 CHARLS survey data. The baseline survey (2011–2012) was followed by three participant follow-ups (2013–2014, 2015–2016, 2017–2018). Participants without a history of stroke were primarily included in the current analysis. Individuals with baseline malignant tumors, liver diseases, and kidney diseases were excluded from the study. People who had not been followed up on for more than 2 years and people whose stroke data was not full were also taken out. People who did not have baseline platelet counts or HDL-C levels were also thrown out (Figure 1 shows a full overview of the recruitment process). This study included a total of 5,872 participants. Based on prior study experience (15), we separated the individuals into four subgroups based on their PHR quartiles.
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FIGURE 1
 Flow chart of the study.




Data collection

Interviewers employing Computer-Assisted Personal Interviewing (CAPI) techniques were trained by Beijing University CHARLS staff to perform household surveys (20). Sections on demographics, functioning, health status, diagnosis of chronic diseases, and health-related habits including drinking and smoking as well as physical activity are all included in the basic CHARLS questionnaire. The interviewers were also capable of taking the participants’ blood pressure, height, and weight in order to gauge their physical health. Medical staff from the Chinese Center for Disease Control and Prevention took fasting venous blood samples in accordance with routine procedures, and the samples were then examined in the center’s laboratory.



PHR

The calculation method for PHR is the plasma platelet count (10^9/L) divided by the plasma high-density lipoprotein cholesterol level (mmol/L).



Stroke diagnosis

Individuals who did not have a previous stroke at the beginning of the study who later reported experiencing a stroke during the follow-up period were documented as new cases. Stroke incidence data were methodically gathered via questionnaires, which inquired about participants’ medical diagnosis of stroke, the date of diagnosis or awareness of the condition, and their utilization of stroke treatment. Positive answers given during subsequent inquiries were categorized as initial stroke diagnoses, with the date provided indicating the beginning of the condition. The timing of stroke occurrence was determined by calculating the interval between stroke onset and baseline measurement. The follow-up period for patients who did not report a stroke during follow-ups was determined by calculating the gap between the baseline evaluation and the last survey date (20).



Covariates

Prior research and clinical experience informed the choice of variables (21, 22). The following are the variables that were considered: (i) categorical variables: gender, smoking status, drinking status, hypertension, diabetes mellitus (DM), chronic lung disease (CLD); (ii) continuous variables: age, body mass index (BMI), systolic blood pressure (SBP), diastolic blood pressure (DBP), C-reactive protein (CRP), hemoglobin concentration (HGB), platelet (PLT), fasting plasma glucose (FPG), hemoglobin A1c (HBA1c), serum triglyceride (TG), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), blood urea nitrogen (BUN), uric acid (UA), serum creatinine (Scr), cystatin C, triglyceride glucose index (TyG = ln[FPG (mg/dL) × TG (mg/dL) / 2]), TyG-BMI (BMI × TyG index).



Missing data processing

This study experienced missing data, including hypertension (29, 0.49%), DM (38, 0.65%), CLD (6, 0.10%), smoking status (105, 1.79%), drinking status (2, 0.03%), BMI (893, 15.21%), SBP (896, 15.26%), DBP (896, 15.26%), CRP (14, 0.24%), HGB (2, 0.03%), FPG (1, 0.02%), HBA1c (58, 0.99%), TG (1, 0.02%), TC (1, 0.02%), LDL-C (12, 0.20%), BUN (1, 0.02%), UA (1, 0.02%), Scr (4, 0.07%), cystatin C (1,401, 23.86%), TyG index (1, 0.02%), and TyG-BMI (894, 15.22%). In order to mitigate the bias that can result from missing variables, which can impede the precise representation of the statistical power of the target sample during the modeling phase, multiple imputations were implemented in accordance with the missing data procedure described by White and Groenwald (23, 24). Incorporating the aforementioned missing variables into the estimation model, where SBP, DBP, HGB, FPG, HbA1c, TC, LDL-C, BUN, UA, Scr, cystatin C, and TyG conform to a normal distribution, and the regression type is linear regression. The remaining variables do not conform to a normal distribution, and the regression type is generalized linear model. The missing data analysis process uses the missing at random (MAR) assumption (23). The process of missing data analysis relied on the assumption of Missing At Random (MAR), which involved the creation of five imputed datasets and the subsequent combination of the results using the Markov Chain Monte Carlo method with chained equations.



Statistical analysis

SPSS 26.0 and R 3.4.3 were used for statistical analysis. Two-sided p-values below 0.05 were considered significant. Baseline variables were compared between groups according to PHR quartiles. Categorical variables were reported using percentages and frequencies, whereas continuous variables were presented as median (interquartile range) or mean ± standard deviation (SD). Comparisons between PHR groups were made using χ2 for categorical variables and ANOVA or Kruskal-Wallis H for continuous variables.

Kaplan–Meier graphs showed stroke incidence rates by PHR quartile. PHR and stroke incidence were examined using univariate and multivariate Cox regression models. Hazard ratios and 95% confidence intervals (CI) were determined. This study used stepwise Cox regression analysis to choose clinically relevant factors for the multivariable model. Model 1 had no covariate adjustments; Model 2 had age (continuous) and gender adjustments; Model 3 had further adjustments for age, gender, smoking status, drinking status, hypertension, diabetes mellitus, chronic lung disease, CRP, HBA1c, TG, LDL-c, UA, Scr, cystatin C, and TyG-BMI. While controlling for the same covariates, restricted cubic splines (RCS) were employed to illustrate potential linear correlations between PHR and stroke risk. Based on prior literature and peer feedback (22), we performed subgroup analyses using a stratified Cox proportional hazards regression model for different subgroups (age, gender, hypertension, diabetes mellitus, smoking, drinking, TyG-BMI). In addition to stratification parameters, age, gender, hypertension, DM, CLD, smoking, drinking, BMI, CRP, FPG, HBA1C, TG, LDL-c, BUN, UA, Scr, cystatin C, and TyG-BMI were adjusted. The models with and without interaction terms were tested for interaction terms using likelihood ratio tests.




Results


Baseline characteristics of participants

A total of 5,872 participants were analyzed, with 2,700 males and 3,172 females completing follow-up visits. The average age of the participants was 58.76 ± 9.83 years. The mean value of the PHR was 82.64 ± 40.28, with a range of 3.49 to 446.97. The PHR followed a normal distribution. The basic data and biochemical characteristics of participants grouped by quartiles of PHR are shown in Table 1. The results indicate that parameters such as BMI, DBP, CRP, FPG, HBA1C, TG, TyG, and TyG-BMI all significantly increased with higher PHR values. In contrast, age, BUN, and Cystatin C displayed an opposite trend. Furthermore, the proportion of non-drinkers, females, individuals with hypertension, diabetes, and increased with higher PHR values, while the proportion of males decreased.



TABLE 1 The baseline characteristics of participants.
[image: Table1]



Relationship between PHR and stroke risk

The Kaplan–Meier curve of cumulative stroke incidence among all study participants is depicted in Figure 2. Three Cox proportional hazards regression models were constructed to investigate the correlation between stroke risk and PHR, as illustrated in Table 2. In Model 1, the risk of stroke was 49% higher for participants in the highest quartile of PHR than for those in the lowest quartile (HR 1.49, 95% CI 1.13–1.96, p = 0.004). Age and gender were adjusted in Model 2. Adjustments were implemented in Model 3, which included hypertension, diabetes, chronic lung disease, CRP, HBA1c, TG, LDL-C, UA, Scr, Cystatin C, and TyG-BMI, as well as age, gender, smoking, and drinking status. The results of the multivariable Cox regression analysis were statistically significant (adjusted HR 1.42, 95% CI 1.06–1.90, p = 0.019). Additionally, restricted cubic spline analysis demonstrated a linear correlation between stroke risk and PHR after taking into account the aforementioned factors (Figure 3, p for non-linearity >0.05). The risk of stroke rises by 2% for every 10 SD increase in PHR (HR: 1.002, 95% CI 1.001–1.003); there is no discernible threshold or saturation relationship between the two.

[image: Figure 2]

FIGURE 2
 K–M plot of stroke by PHR level.




TABLE 2 Relationship between PHR and the risk of stroke in different models.
[image: Table2]
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FIGURE 3
 The association between PHR and stroke risk. The model was adjusted for age, gender, smoking, and drinking status, hypertension, diabetes mellitus, chronic lung disease, CRP, HBA1c, TG, LDL-c, UA, Scr, cystatin C, and TyG-BMI.




Subgroup analysis

Additional examination of post-hoc subgroup data reveals that the association between PHR and the risk of stroke is not affected by factors such as age, gender, hypertension, diabetes, alcohol consumption, smoking status, and TyG-BMI (Figure 4). Put simply, there is no statistically significant relationship between these variables and PHR (p > 0.05 for interaction).

[image: Figure 4]

FIGURE 4
 Forest plot of stroke risk according to different subgroups. The analysis with adjustment for age, gender, hypertension, DM, CLD, smoking status, and drinking status, BMI, CRP, FPG, HBA1C, TG, LDL-c, BUN, UA, Scr, cystatin C, and TyG-BMI. In each case, the model is not adjusted for the stratification variable.





Discussion

To our knowledge, this is the first cohort study to investigate the association between PHR and stroke risk in China’s middle-aged and older population. The results of this study demonstrated a strong correlation between raised PHR and an increased risk of stroke. According to the subgroup analysis and interaction test, this connection was consistent across diverse demographic settings. Attention to PHR in clinical practice may help assess the risk of stroke in middle-aged and older adults. It provides additional references to facilitate clinical consultations and optimize stroke prevention decisions.

Jialal et al. first suggested the platelet-to-high-density lipoprotein cholesterol ratio (PHR) as a useful biomarker for predicting metabolic syndrome (MetS). Research indicates that elevated PHR significantly increases the risk of developing type 2 diabetes in obese individuals (25). Wu et al. (16) discovered that among diabetic patients, those with higher PHR levels demonstrated a statistically significant increase in all-cause mortality and cardiac mortality. Additionally, after correcting for potential confounders, PHR demonstrated a positive linear correlation with both overall and cardiac mortality. When PHR was less than 223.684 (OR: 0.97, 95% CI: 0.87–1.08, p = 0.53), Zhang et al.’s study found no significant correlation between PHR and stroke; however, when PHR was greater than 223.684, there was a significant increase in the odds of stroke (19). This result is generally in line with our study, which showed that individuals in the highest PHR quartile had a considerably higher risk of stroke than those in the lowest quartile. Even after accounting for a number of covariates, this connection was still statistically significant in the multivariable Cox regression analysis (aHR 1.42, 95% CI 1.06–1.90, p = 0.019). In contrast, there was no discernible correlation found in the second or third quartiles between PHR and stroke. Furthermore, our study found a linear link between PHR and the risk of stroke, in contrast with previous studies that suggested a non-linear relationship between PHR and stroke. The discrepancy may be attributed to several factors. Firstly, the difference in study type; the previous research was a cross-sectional study, whereas our study was an observational cohort study. Secondly, the inconsistency in the study population; the previous research focused on the general population, while our study specifically targeted individuals aged >45 years. Furthermore, due to methodological differences, there were variations in the adjusted covariates. Notably, we excluded participants with cancer, liver diseases, and kidney diseases at baseline due to the possible impact of these conditions on platelets and HDL cholesterol.

PHR exhibits exceptional sensitivity and specificity in the prediction of cardiovascular risk as a potential serum biomarker. Some previous studies have investigated the relationship between PHR and diabetes, inflammatory responses, and cardiovascular diseases, reflecting that PHR may represent an inflammatory and prothrombotic state (25–27). Previous research has demonstrated that elevated PHR levels are linked to multiple coronary artery stenoses and are correlated with the severity of CAD as measured by the Gensini score, indicating a connection between PHR and coronary artery atherosclerosis (28). The relationship between stroke and PHR can be elucidated through the lenses of inflammation and thrombus formation. Systemic inflammation is a critical factor in the development of stroke (6). Atherosclerosis, a significant pathogenic mechanism for ischemic and hemorrhagic strokes, is initiated and progressed by inflammation (29–31). HDL-C possesses anti-inflammatory properties, whereas platelets are critical markers for the assessment of systemic inflammation (12, 32). The relationship between platelets and inflammation in the progression of atherosclerosis has been previously elucidated in numerous studies (33–35). The recruitment of immune cells to plaques is facilitated by factors released by platelets, which creates a pro-inflammatory environment that is conducive to the development of atherosclerosis (36). According to a recent investigation, the risk of cardiovascular events may be elevated by the pathological state of platelets in T2DM (37). Decreased HDL-C levels impede the effective transport of cholesterol, resulting in cholesterol deposition within arterial walls and the formation of atheroma plaques (38). The primary protein in extracellular fluids, HDL-C, is essential for a variety of physiological functions, including inhibiting platelet activation and adhesion, functioning as an anti-inflammatory lipid, and facilitating cholesterol efflux (39, 40). An association between adverse cardiovascular outcomes and decreased serum HDL levels has been consistently demonstrated in observational studies and meta-analyses (41, 42).

There is a substantial correlation between elevated PHR and elevated levels of triglycerides and clotting factors, which implies that elevated PHR may indicate an imbalance in coagulation status. Patients who have experienced an ischemic stroke frequently exhibit coagulation abnormalities and post-stroke complications are frequently associated with coagulation dysfunction (43). Mechanistically, the direct risk associated with elevated platelets is thrombus formation, as elevated platelets enhance blood clotting, contributing to the pathogenic mechanisms of inflammation, and thrombosis, and actively participating in the development of atherosclerosis (44, 45). In contrast, HDL-C has antithrombotic and antiplatelet characteristics (14, 15). The risk of thrombosis and HDL-C levels have been found to be negatively correlated in multiple epidemiological studies. It has been demonstrated that HDL-C is a reliable indicator of platelet-dependent thrombus development (46). Apart from its involvement in the reverse transport of cholesterol, HDL-C also has interactions with platelets, the coagulation cascade, and the function of endothelium (12). By preventing intraplatelet cholesterol overload and by binding to platelet high-density lipoprotein receptors such as apoER2 and scavenger receptor class B type I (SR-BI), native high-density lipoprotein reduces platelet hyperreactivity (47, 48). Natural high-density lipoprotein’s anti-thrombotic qualities are also linked to preventing the coagulation cascade and encouraging the breakdown of fibrin clots (49). Moreover, high-density lipoprotein promotes the synthesis of prostacyclin and nitric oxide by endothelial cells, both of which are powerful inhibitors of platelet activation. As a result, high-density lipoprotein has a complex anti-thrombotic action (50, 51).

There are some significant limitations to the study. First, it’s unclear whether the results apply to younger populations or other ethnic groups given that the demographic focus is on middle-aged and elderly Chinese people. Secondly, the self-reported nature of stroke history in this study makes it prone to inaccuracies. However, it has been shown that there is a high level of consistency between self-reported disease diagnoses and medical records regarding cardiovascular events (52). Third, the CHARLS survey’s stroke subtypes are indistinguishable; thus, this study covers the overall stroke condition and cannot be extrapolated to individual subtypes. Fourth, even after adjusting for recognized potential confounders, there may still be unmeasured or uncontrolled confounders, such as the lack of information on the history of lipid-lowering and antiplatelet medication use in the original data, which may have some potential impact on the results and conclusion of this study. Lastly, this observational study can only show a correlation between PHR and stroke risk; it is not able to demonstrate a causative relationship.



Conclusion

This study discovered a strong correlation between middle-aged and older Chinese people’s raised PHR levels and their increased risk of stroke. PHR levels can be a useful tool for determining populations at high risk of stroke, which can help to optimize stroke prevention decisions and facilitate clinical consultations.
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