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Background: Coronary heart disease (CHD) is a common chronic disease in the elderly. Frailty can accelerate the development of CHD and lead to adverse health outcomes. Risk prediction and decision-making for frailty are crucial. The peripheral hemoglobin-to-red blood cell distribution width ratio (HRR) is a novel biomarker of inflammation. Our purpose was to explore the correlation between HRR and frailty in elderly patients with CHD.

Methods: This cross-sectional study evaluated 245 Chinese hospitalized patients with CHD. Blood parameters measured upon admission were obtained via the hospital electronic information medical record system. The Fried Frailty Phenotype Scale was used to evaluate the frailty status of the participants. The Receiver operating characteristic curve was used to determine the optimal cut-off values of HRR. We used univariate analysis to examine the potential factors affecting frailty. Kendall's tau-b grade correlation was used to analyze the correlation between HRR and frailty. The ordered logistic regression model was used to analyze the relationship between HRR and frailty.

Results: A total of 233 elderly patients with CHD were included in our study. Among the patients, 33.48% (78) were in a state of frailty. The optimal cut-off values of HRR was 9.76. The area under the curve (AUC) for HRR in the frailty patients was 0.652, exceed Hb (AUC = 0.618) and RDW (AUC = 0.650). Kendall's tau-b grade correlation analysis showed that HRR (K = −0.296, P < 0.001) was negatively correlated with frailty. The ordered logistic regression analysis determined that lower HRR was associated with frailty (P < 0.05) after adjusted for age, body mass index, number of drugs, comorbidity index, heart failure, red blood cells, albumin, total cholesterol, triglyceride, high density lipoprotein cholesterol, and low density lipoprotein cholesterol.

Conclusion: Lower HRR is an independent risk factor for frailty in elderly hospitalized patients with CHD. HRR was a more powerful prognostic indicator for frailty than either Hb or RDW alone. Clinicians should focus on timely identification of the risk of frailty in order to improve patient quality of life and to reduce the risk of complications.
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INTRODUCTION

Frailty is a geriatric syndrome caused by a cumulative decline in multiple physiological systems, leading to a decrease in the reserve and resistance to stressors (1). It is associated with longer hospital stays, increased medical costs, and increased mortality (2–4). Coronary heart disease (CHD) is a common chronic disease in the elderly. Studies have shown that frailty is an independent risk factor for the accelerated development of age-related diseases in patients with CHD (5). Yoshioka et al. (6) have found that intermediate mortality in patients with ST-segment myocardial infarction is associated with frailty. Frailty can be reversed with intervention, especially in the early stages (7). A recent review and meta-analysis found that only 3% of frail older adults can spontaneously return to a robust state (8). Therefore, frailty risk prediction and decision-making has an important role in patients with CHD.

It is well-known that a complete blood count (CBC) is part of a routine checkup for patients upon admission to the hospital. Several studies have shown that certain markers in CBC are strongly associated with frailty (9–12). Bodolea et al. (9) found a correlation between platelet count (PLT) and frailty in patients with cardiovascular disease. The neutrophil-to-lymphocyte ratio (NLR) is another example that has been widely studied by researchers in recent years. Hou et al. (10) showed that NLR is an independent risk factor for frailty in elderly patients with CHD. Nishijima et al. (13) found a significant positive association between frailty and NLR in older cancer patients.

Hemoglobin (Hb) is an important parameter of CBC, to some extent reflecting the degree of anemia in patients. A prior meta-analysis (11) identified five biomarkers (C-reactive protein (CRP), Hb, albumin, 25-hydroxyvitamin D (25OHD), and free testosterone) that are strongly associated with frailty. In the findings from the Singapore Longitudinal Study of Aging, Hb (g/dL; adjusted for sex, age, and education) was found to be a debilitating risk factor (14).

Red cell distribution width (RDW) is another important parameter of CBC, which has been used to measure the variability of red blood cell (RBC) count to diagnose different types of anemia and for differential diagnosis. In recent years, it has been found that the changes in RDW are closely related to the inflammatory response of the host system (15, 16). In subjects with joint pain, RDW interpretation, like CRP, is a useful tool in clinical practice to distinguish between inflammatory and non-inflammatory joint diseases (17). Hou et al. (10) found that RDW is an independent risk factor for frailty in elderly patients with CHD.

Since RDW is affected by complex clinical conditions, the effect of RDW on frailty is not only related to its inflammatory response, but also to overall sub-optimal health, indicating a decrease in the ability of the system to repair recovery and oxygen. Although previous studies have shown encouraging results, we believe that RDW without other indicators by itself may not be able to reflect systemic inflammatory status and provide definitive predictive information. The peripheral hemoglobin-to-red blood cell distribution width ratio (Hb/RDW, HRR) is a novel marker of inflammation. It was first proposed by Sun et al. (18) and verified in patients with esophageal squamous cell carcinoma. They found that HRR was a more powerful prognostic indicator than either Hb or RDW alone. This is thought to be because HRR combines prognostic information from Hb and RDW and provides more information than a single variable (18).

In conclusion, it is reasonable to believe that HRR is a more stable predictor of frailty. To our knowledge, however, no studies have assessed the relationship between HRR and frailty intensity. The purpose of this study was to understand the relationship between HRR and the severity of frailty in order to provide a simple and convenient indicator for clinicians to identify frailty risk in a timely manner, for the sake of improving patient quality of life and reducing the risk of complications.



MATERIALS AND METHODS


Ethics Statement

This study passed the ethical batch number (YZUHL20200012) of the School of Nursing, Yangzhou University. Each participant was informed of the purpose of the study and all the procedures involved, and obtained informed consent. This study was undertaken in accordance with the ethical standards of the World Medical Association's Declaration of Helsinki.



Participants

This was a cross-sectional study that utilized the random sampling method. Elderly patients with CHD in a tertiary hospital in Yangzhou between August 2020 and February 2021 were selected. Subjects were eligible if they met the following inclusion criteria: (1) age ≥ 65 years; (2) meets the diagnostic criteria for coronary atherosclerotic heart disease of the American College of Cardiology; (3) no communication, cognitive, or mental disorders, and able to understand and voluntarily participate in the survey. Patients were excluded if they had any of the following conditions: (1) concomitant infection on admission; (2) in the acute stage of disease, severe cardiopulmonary, renal insufficiency, and terminal disease stage; (3) patients with cancer; (4) patients with New York Heart Association class IV; (5) and patients with missing blood parameters.



Sociodemographic Characteristics

Sociodemographic characteristics, including age, gender, education years, living situation, monthly income, smoking, alcohol consumption, body mass index (BMI; BMI = height (m)/weight (kg)2), number of drugs, comorbidity index (CCI), hypertension, diabetes, heart failure, myocardial infarction, atrial fibrillation, and cerebrovascular diseases were collected using a general questionnaire. Classification was carried out according to the classification method proposed by the micro-quantitative nutritional assessment: 0 = BMI <19; 1 = BMI: 19–21; 2 = BMI: 21–23; 3 = BMI ≥ 23. The number of drugs inquiry was as follows: How many drugs did you take for more than 3 months before hospitalization?



Peripheral Blood Parameters

Blood parameters at admission were extracted from the hospital electronic information medical record system, including white blood cells (WBC), neutrophils, lymphocytes, monocytes, PLT, red blood cells (RBC), albumin, glucose, total cholesterol, triglyceride, high density lipoprotein cholesterol (HDL-C), low density lipoprotein cholesterol (LDL-C), Hb, and RDW. HRR was calculated using the following formula: HRR = Hb (g/L)/RDW (%).



Frailty Phenotype Scale

Frailty was evaluated according to the Frailty Phenotype Scale (1), which assesses frailty by measuring five characteristics that include weight loss, slowness, weakness, low physical activity, and exhaustion.

(1) Weight loss: an unintentional loss of ≥ 4.5 kg or a loss of ≥ 5% of body weight in the past year.

(2) Slowness: the time required to walk 4.6 m at a normal speed was used as an indicator of slowness. Slow walking speed was defined as ≥ 6 s for a male > 173 cm in height and a female > 159 cm in height or 7 s for a male ≤ 173 cm in height and a female ≤ 159 cm in height.

(3) Weakness: hydraulic dynamometer was used to measure grip strength as an indicator of weakness. Older adults in a sitting position used the dominant hand to grip an object three times and the researcher recorded the maximum value. Criteria proposed by Fried et al. (1) was used to define weakness.

(4) Low physical activity: The International Physical Activity Questionnaire was used to assess physical activity (19); males who expended <383 kcal/w and females who expended <270 kcal/w were considered to have low physical activity.

(5) Exhaustion: poor endurance and energy were assessed using the depression scale, specifically, to check whether the answer to either of these questions is yes: “Last week, I felt like everything I did needed an effort”; “I can't walk forward.” If a positive response was given to either of these questions, the participant was thought to be exhausted.

Frailty scores were 0, 1–2, and ≥ 3, which were divided into non-frail, pre-frail, and frail categories, respectively.



Data Analysis

SPSS 26.0 (version 26.0, Chicago, IL, USA) was used for data processing and statistical analysis. P < 0.05 was considered statistically significant.

Descriptive statistical methods were used to describe the frailty of inpatients. We have introduced the method established by Budczies et al. (20) (at http://molpath.charite.de/cutoff/) to determine the optimal cut-off values for the Hb, the RDW and the HRR.

Continuous variables were represented using mean ± standard deviation, and normal distribution test was performed on the continuous variables. Variables conforming to the normal distribution were compared between groups via analysis of variance. Variables not conforming to the normal distribution were compared between groups using a non-parametric test. Classification variables were represented using frequency and composition ratio, and the differences between groups were analyzed using a contingency table.

Kendall's tau-b grade correlation was used to analyze the correlation between peripheral blood Hb, RDW, HRR, and frailty in elderly inpatients with CHD. The analysis was conducted using ordered logistic regression, with frailty as the outcome variable and Hb, RDW, and HRR as independent variables. The independent risk factors for frailty in elderly inpatients with CHD were explored after adjustment for age, BMI, number of drugs, comorbidity index, heart failure, RBC, albumin, total cholesterol, triglyceride, LDL-C and HDL-C.




RESULTS


Frailty Status of Elderly Inpatients With CHD

A total of 245 questionnaires were sent out and 12 invalid questionnaires were eliminated. Thus, 233 valid questionnaires were finally recovered, with an effective recovery rate of 92.1%. The average score on the Fried Scale was 1.88 ± 1.48 points. Among these patients, 23.61% (55) were considered non-frail, 42.92% (100) were pre-frail, and 33.48% (78) were frail (Figure 1).
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FIGURE 1. Frailty status of elderly inpatients with CHD.




Optimal Cut-Off Value for Peripheral Blood Hb, RDW, and HRR for Frailty in Elderly Inpatients With CHD

Patients meeting three or more frailty criteria were included in the frailty group, and the rest were considered to be in the non-frail group. Using frailty as the state variable, the optimal critical values of Hb, RDW, and HRR for frailty were determined using ROC analysis. The AUC for HRR in the frailty patients was 0.652, with the maximum Youden index of 0.268, exceed Hb (AUC = 0.618, the maximum Youden index = 0.205) and RDW (AUC = 0.650, the maximum Youden index = 0.253). All of these results were statistically significant (P < 0.05; Table 1).


Table 1. Optimal cut-off values for peripheral blood Hb, RDW, and HRR for frailty in elderly inpatients with CHD.
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Relationship Between Sociodemographic Characteristics and Frailty in Elderly Inpatients With CHD

Univariate analysis of sociodemographic characteristics in elderly patients with CHD showed that age (P < 0.001), BMI (P = 0.039), number of drugs (P < 0.001), CCI (P < 0.001), and heart failure (P < 0.001) were associated with frailty (Table 2).


Table 2. Univariate analysis of sociodemographic characteristics in elderly patients with CHD.
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Relationship Between Blood Parameters and Frailty in Elderly Patients With CHD

Univariate analysis of blood parameters in elderly patients with CHD showed that RBC (P = 0.008), albumin (P < 0.001), total cholesterol (P = 0.029), triglyceride (P = 0.030), HDL-C (P = 0.022), LDL-C (P = 0.030), Hb (P = 0.001), RDW (P < 0.001), and HRR (P < 0.001) were associated with frailty (Table 3).


Table 3. Univariate analysis of blood parameters and frailty in elderly patients with CHD.
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Correlation Analysis of Peripheral Blood Hb, RDW, HRR, and Frailty in Elderly Hospitalized Patients With CHD

The correlation between Hb, RDW, HRR, and frailty in peripheral blood of elderly patients with CHD was analyzed using Kendall's tau-b grade. The results indicated that Hb (K = −0.224, P < 0.001) and HRR (K = −0.296, P < 0.001) were inversely associated with frailty, while RDW (K = 0.248, P < 0.001) was positively associated with frailty (Table 4).


Table 4. Correlation analysis of peripheral blood Hb, RDW, HRR, and frailty in elderly patients with CHD.
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Relationship Between Peripheral Blood Hb, RDW, HRR, and Frailty in Elderly Patients With CHD

Ordered logistic regression analysis was conducted, where the frailty grade (non-frail, pre-frail, and frail) was considered to be the dependent variable, while Hb, RDW, and HRR were the independent variables. Model 1, unadjusted, showed that lower Hb (β = 0.906, P < 0.001) and lower HRR (β = 1.236, P < 0.001) were associated with frailty risk factors, while lower RDW (β = −1.102, P < 0.001) was a protective factor for frailty. In Model 2, after adjusting for age, BMI, number of drugs, CCI and heart failure, lower HRR (β = 0.754, P = 0.010) were risk factors for frailty, while lower RDW (β = −0.714, P = 0.020) was a protective factor for frailty. In Model 3, after adjusting for age, BMI, number of drugs, CCI, heart failure, RBC, albumin, total cholesterol, triglyceride, LDL-C and HDL-C, lower RDW (β = −0.721, P = 0.033) was a protective factor for frailty, while lower HRR (β =1.126, P = 0.004) was a risk factor for frailty (Table 5).


Table 5. Ordered logistic regression analysis of blood parameters and frailty in elderly patients with CHD.
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DISCUSSION

As the world's elderly population continues to grow, so does the number of frail older people. The number of frail aging individuals is expected to double in the coming decades (21). Whether in clinical nursing or in aging research, frailty is becoming an increasingly important concept. From a pathophysiological perspective, the asthenia syndrome is due to the chronic low-grade and non-infectious state of infectious inflammation (9). In systemic inflammation, inflammatory factors promote the formation of lysophosphatidylcholine, and increased exposure to phosphatidylserine leads to lipid remodeling of erythrocyte membranes, which in turn affects erythrocyte function and longevity. Inflammation also accelerates the clearance of red blood cells by activating macrophages, shortening the lifespan of red blood cells and decreasing hemoglobin (22, 23).

In our study, the Fried scale was used to evaluate 233 elderly inpatients with CHD. It was found that the incidence of frailty was 33.48% (78), which is slightly higher than the prevalence of frailty of 20.8% that was proposed by Hou et al. (24), which may be related to respondent age, condition, and medication. Our study found that pre-frail individuals accounted for about half of the elderly inpatients. Data showed that pre-frail patients were more likely to progress to frailty (25), while certain interventions may delay or even reverse the decline (26). This suggests that clinical workers should pay close attention to pre-frail patients, as their early identification and intervention is more consequential than that of frail patients.

In Table 4, taking frailty as the dependent variable and HRR as the independent variable, Kendall's tau-b grade correlation analysis found that HRR (K = −0.296, P < 0.001) was inversely associated with frailty. In Table 5, ordered logistic regression analysis found that in Model 1 without adjustment, Model 2 after adjustment for age, BMI, number of drugs, CCI and heart failure, and Model 3 after adjustment for age, BMI, number of drugs, comorbidity index, heart failure, RBC, albumin, total cholesterol, triglyceride, LDL-C and HDL-C, the lower HRR was an independent risk factor for frailty (P < 0.05). At present, specific reasons for the correlation between decreased HRR and frailty remain unclear and are worth exploring further.

A decrease in HRR may be related to a decrease in Hb. That is, patients with a lower HRR are more likely to be in a debilitating state, which may be related to anemia. The prevalence of anemia in patients with acute coronary syndrome in China was found to be 10%~45% (27). In terms of type, the most common anemia associated with CHD was nutritional anemia (47.1%), among which iron deficiency anemia (25.5%), megaloblastic anemia (21.6%) and renal anemia (23.5%) were more common (28). Domestic scholars have found that mild anemia can also aggravate myocardial ischemia, leading to acute coronary syndrome, and found that the incidence of angina is higher than that of non-anemia group. When coronary artery occlusion is incomplete, anemia will break the micro-balance between myocardial oxygen supply and myocardial oxygen consumption, and then lead to the occurrence of myocardial ischemia (29).

A study on the correlation between anemia and frailty in the elderly from Spain (30) found that the probability of anemia occurrence in the elderly was 19.6%, while the prevalence of anemia in frail individuals was 29.6%, significantly higher than that in the pre-frail (16.6%) and non-frail (6%). In the fully adjusted regression model, anemia was associated with frailty (OR = 1.95, 95%CI: 1.02–3.73, P < 0.05). Consistent with the results of this study, Hb (K = −0.224, P < 0.001) was negatively correlated with frailty in the present investigation. Ordered logistic regression analysis found that in Models 1, lower Hb was an independent risk factor for frailty (P < 0.001), although no statistical significance was observed in Model 3 (P = 0.105)and Model 4 (P = 0.057).

Anemia reduces the ability of RBCs to carry oxygen, causing tissue to lack oxygen and leading to a number of adverse outcomes, including reduced aerobic capacity, decreased muscle strength, cognitive impairment, and increased fatigue, which can also increase the risk of frailty in older people (31). Röhrig (32) found that underlying diseases and inflammation can lead to chronic inflammatory anemia, the most common type of anemia in the elderly. Increased RBC adherence to the endothelium during inflammation is most likely due to the increased expression of endothelial adhesion molecules and phosphatidylserine on the erythrocyte membrane, as well as decreased capillary blood flow (33). Therefore, primary health care providers need to pay attention to anemia, determine its causes, and execute timely correction in order to prevent the occurrence of frailty.

A decrease in HRR is not only related to a decrease in Hb, but also to an increase in RDW. The present study found that RDW (K = 0.248, P < 0.001) was positively correlated with frailty, which was confirmed in the regression analysis. In addition, RDW was an independent risk factor for frailty in elderly patients with CHD. This is consistent with the results by Hou et al. (10). Ming et al. (12) analyzed 2,932 elderly community-dwelling adults and found that elevated RBCs were independently associated with a higher risk of frailty. Frailty is associated with an altered inflammatory status. Inflammation can increase erythrocyte clearance, inhibit erythropoietin, reduce iron utilization, and increase RDW (33). Some studies have shown that RDW is also significantly associated with other inflammatory cytokines, such as serum malondialdehyde levels, tumor necrosis factor-α, interleukin-6, and interleukin-10 (34, 35).

Both Hb and RDW are important components of HRR, and the relationship between lower Hb, higher RDW, and frailty in elderly CHD patients has been confirmed. However, considering that both Hb and RDW are susceptible to diseases other than CHD, HRR may be a more reliable parameter. The predictive analysis showed that AUC, Youden index, sensitivity, and specificity of HRR in senile frailty patients were 0.652, 0.268, 0.575, and 0.693, respectively. AUC and Youden index were higher than Hb and RDW.

There are some limitations in the present study. First, the study was only conducted in a tertiary hospital and cannot be considered comprehensive. It is hoped that there will be multi-center, large sample trials in the future. Second, only the blood parameters upon admission were obtained in the study. If the blood parameters of interest were measured, the relationship between them and frailty might be better described. Third, due to the limited knowledge of drugs in the elderly, the collection of names of drugs taken before admission was largely missing, and the drug type was not analyzed to exclude its influence on frailty. In addition, this was a cross-sectional study that can only represent an association between blood parameters and frailty, but not a cause-and-effect relationship. We will continue a further follow-up study of patients' details.



CONCLUSION

In conclusion, lower HRR is associated with increased frailty risk and has a certain predictive value in elderly hospitalized patients with CHD. As a simple, effective, and economical blood parameter, HRR should be carefully considered by clinicians in order to identify the risk of frailty in a timely manner, and to monitor the effectiveness of frailty interventions, delay the progression of frailty, prevent the occurrence of disability, reduce adverse outcomes and medical costs, and improve quality of life.
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