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Background: Health literacy (HL) is a risk factor for adverse outcomes in patients with cardiovascular disease, and shorter pre-hospital delay time is crucial for successful treatment of acute myocardial infraction (AMI) patients. Most previous studies focused on the influencing factors of pre-hospital delay but ignore the essential contribution of decision delay.

Aims: Therefore, the purpose of this study was to explore the effect of HL on decision delay.

Methods: Continuously included AMI patients admitted to a grade A class three hospital in Chongqing. HL level was assessed using Brief Health Literacy Screen and categorized as adequate or inadequate. Mann-Whitney U-test and Chi-square test were used to compare the differences between groups, and binary logistic regression was used to analyze the association between HL and decision delay.

Results: A total of 217 AMI patients were enrolled in this study, including 166 males (76.5%) and 51 females (23.5%), with the median age was 68 years old; 135 (62.2%) patients had delayed decision-making while 82 (37.8%) did not; 157 (72.7%) patients had inadequate HL and 59 (27.3%) had adequate HL. The total HL score of non-delayed group was higher than that in delayed group (9.22 vs. 7.02, P < 0.000).

Conclusion: After adjusting for covariates, HL was significantly negatively associated with decision time. AMI patients with inadequate HL were more likely to delay seeking timely medical care.
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INTRODUCTION

Cardiovascular Diseases (CVDs) are important factors endangering people's health worldwide, mainly including coronary artery disease (CAD), hypertension, and chronic heart failure (HF) (1). The report showed that 42.6% of Americans who died from CVD were related to CAD (2). Although the prevalence and mortality of CAD have declined in recent years, it is still the leading cause of death in the United States (3). The prevalence of CVDs in China is also not optimistic. It is estimated that there are 330 million people suffering from CVDs, including 11 million cases of CAD and 5 million cases of HF. Two out of every five deaths are due to CVDs (4). Acute myocardial infarction (AMI) is myocardial necrosis caused by acute and persistent ischemia and hypoxia of coronary artery. According to the electrocardiogram, ST-segment elevation myocardial infraction (STEML) and non-ST segment elevation myocardial infraction (NSTEML) were classified (5). The improvement of short-term and long-term survival in patients with AMI is closely related to the reperfusion time (6). Reperfusion therapy can effectively avoid the expansion of myocardial infraction areas and reduce the mortality of patients. Every 10 min delay in blood flow recovery results in an additional 3.31 deaths in 100 patients treated with percutaneous coronary intervention (PCI) (7). Therefore, in order to reduce the morbidity and mortality of AMI, early and accurate identification of related symptoms and rapid recanalization of occluded blood vessels are essential.

Delays are common in AMI patients in the process of seeking medical treatment. Treatment seeking delay refers to the special behavior that an individual delays seeking medical assistance for some reason after perceiving physical abnormalities or discomfort, which is composed of pre-hospital delay (PHD) and in-hospital delay. PHD can be further divided into decision delay and transportation delay (8). Decision delay refers to the time period between the identification of uncomfortable symptoms and the decision to seek medical help. Transportation delay refers to the time period between the decision to seek medical help and arrival at the hospital (8). Measures such as optimizing clinical pathways, setting up chest pain centers and improving first-aid models can reduce in-hospital delay. With the continuous shortening of in-hospital delay, the impact of PHD on the prognosis of patients is particularly critical. The promotion of seamless first-aid mode and the improvement of emergency medical transportation have improved the transportation delay (9), so the longest stage of current delay is the patient's decision delay (10).

Determining the factors affecting decision time (DT) helps to shorten DT. Previous studies focused on the entire PHD and ignored the important contribution of decision delay (11, 12). Studies have pointed out that DT is essentially influenced by patients' knowledge attitudes and practice (13, 14). Health literacy (HL) refers to “the degree to which individuals have the capacity to obtain, process, and understand basic health information and services needed to make appropriate health decisions” (15). Patients with low HL are more likely to have poor understanding of disease, and have problems in understanding health care information and following disease management guidelines (16), resulting in prolonged DT. In addition to the differences in knowledge and skills, attitudes and motivation are also involved. Patients with inadequate HL are less willing to follow complex nursing plans, leading to poor prognosis (17). Decision delay as the most easily improved part of pre-hospital deserves our attention (18). At present, the impact of HL on decision delay is not clear, so the purpose of this study is to analyze the effect of HL on decision delay in Chinese patients with AMI, and to provide information for improving the survival rate and prognosis of AMI patients.



METHODS

This cross-sectional study used a continuous inclusion method to investigate all eligible AMI patients in the cardiology department of a hospital in Chongqing from October 3, 2020 to March 3, 2021. The inclusion criteria were: (1) be diagnosed with AMI, (2) voluntary participation in this study, (3) a clear mind with a certain ability to understand and speak, and able to complete the survey. Finally, a total of 217 patients participated in this study. We also performed post-hoc power analysis using G*power 3.1.9.7 (Kiel University, Kiel, Germany) software to test the power of our study. The power (1-β) was determined to be 0.99, based on logistic regression test, error probability (significance level) of 0.05, odds ratio (OR) of 9.32 and total sample size of 217.


Instrument

The research invited relevant experts to collaborate on a specially designed questionnaire, and we improved it with a pre-survey. The questionnaire was a voluntary and anonymous survey. No private information and sensitive language. Before the investigation, we obtained the ethical approval from The Ethics Committee of Chongqing Medical University. Although there is no informed consent form that needs to be signed separately, there is a description of informed consent at the beginning of the questionnaire and respondents were informed that submission of the questionnaire implied informed consent. The final questionnaire consisted of four sections: (1) sociodemographic characteristics, (2) HL, (3) symptoms onset information, and (4) clinical information.

HL was evaluated with the Brief Health Literacy Screen (BHLS) that included three items: (1) “How confident are you filling out medical forms by yourself?” (2) “How often do you have someone (like a family member, friend, hospital or clinic worker, or caregiver) help you read hospital materials?” (3) “How often do you have problems learning about your medical condition because of difficulty understanding written information?” Each item was scored on a 5-point Likert scale, with a total score of 15. The higher the total score, the higher the HL level. Inadequate HL was defined as a total score ≤ 9. BHLS has been shown to be a valid measure of HL in clinical settings (19, 20). The same cutoff value has been used in other studies measuring HL in patients with heart disease (21, 22).

Symptom onset information included the location of the onset, whether there were family members around at the time of the onset, and the choice of patients within 20 min after the onset, and patients' self-reported DT, etc. According to the recommendations of the American Heart Association, a decision time of 60 min or more was considered a decision delay. Similar time cutoff values were used in other studies (23).

Clinical information was obtained by consulting the hospital's electronic medical record system. Myocardial enzymes used the results of the first admission examination. For some indicators recorded in the use range, in order to avoid data loss, we took the closest value for analysis. For example, myoglobin (Myo) >500 ng/mL, we took Myo = 501 for analysis.



Data Analysis

Data was examined for their distribution characteristics. Continuous variables conformed to the normal distribution were reported as mean ± standard deviation and analyzed using the independent sample T-test, while those not conformed were reported as the median and inter-quartile range (IQR) and were analyzed using Mann Whitney U-test. Categorical variables were reported as frequencies and percentages and analyzed using the chi-square test. Binary logistic regression was used to analyze the relationship between HL and DT. The relative risk for longer DT was presented as OR with 95% confidence interval (95% CI). In order to obtain better performance parameters of the model, we selected variables into the final model by least absolute shrinkage and selection operator (LASSO), and determine whether specific confounding variables should retained based on the method of OR change. That is, remove each covariate on a one-at-a-time basis and determine whether the OR of HL variable has substantially changed (more than 10%). If eliminating such a variable results in no change in the odds ratio, then it is not needed to control for confounding. LASSO can select the independent variables that have a greater impact on the dependent variables and calculate the corresponding regression coefficients, and finally get a relatively simplified model. Finally, six variables were included and all variables were entered into the regression model simultaneously. Among them, HL total score is independent variable, decision delay is dependent variable, and others are covariates. All analyses were performed with SPSS version 20.0 (SPSS, Inc., Chicago, IL, USA). The significance was set at P < 0.05 and all statistical tests were two-tailed.




RESULTS


Basic Information

A total of 217 AMI patients were enrolled in the study, including 51 (23.5%) women and 166 (76.5%) men. Age ranged from 30 to 85 years, most patients were over 45 years old, with the median age of 68 years (IQR = 57–75). 187 (86.2%) patients were married, and only 47 (21.7%) people had a college degree or above. The majority of patients lived in urban areas (89.9%), used smartphones (72.8%), did not live alone (91.2%) and had no relatives or friends of the doctor (71.0%). More details were shown in Table 1. One hundred thirty-five patients reported DT of 60 min or above, and the prevalence of decision delay was 62.2%. The median DT for the whole sample was 3 h (IQR = 0.5–23.5). The median DT for delayed group was 13 h (IQR = 4–50), which was more than 0.5 h (IQR = 0.2–0.7) of the non-delayed group. The comparison results of patients grouped by DT were also shown in Table 1.


Table 1. Characteristics of the study population and logistic regression analysis of the factors influencing decision delay.
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Symptom Onset Information

More than half of the patients had symptoms at home (80.6%), at rest (68.7%), with family members around (67.3%). In order to explore the causes of decision delay, we specially set a question to ask patients what action they took within 20 min of discovering symptoms. Interestingly, more people in the non-delayed group chose to go directly to the hospital (45.1%) while most people in the delayed group chose to handle it by themselves (52.6%) (P < 0.000). More details were shown in Table 1.



Clinical Information

Among 217 AMI patients, 56.7% had hypertension, 39.2% had diabetes, 16.6% had HF, only 15.2% had a history of CAD. The past medical history must be confirmed by the diagnosis of the hospital, not by the self-report of the patients. Among the four myocardial indexes collected, creatine kinase-MB (CK-MB), cardiac troponin-I (cTnI), and Myo of the non-delayed group were higher than those of the delayed group, only N-terminal pro B type natriuretic peptide (NT-proBNP) was lower than that in the delayed group (P = 0.001). See Table 1 for more details.



HL

There were 39 (47.6%) patients with adequate HL in the non-delayed group, while only 20 (14.9%) patients in the delayed group (P < 0.000). We compared the three items separately so as to make the difference in HL between the two groups clearer, the results showed that the score of each item in the non-delayed group was higher than that of the delayed group (P < 0.000). In general, patients with shorter DT had better HL. See Table 2 for more details.


Table 2. Comparison of HL between different decision time.
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DISCUSSION

Few studies have focused on the effect of HL on decision delay in AMI patients, and most of them measuring the entire PHD (11, 12). As far as we know, the current measurement of PHD is not consistent (8), “the period from symptom onset to at the hospital” is dominant, but many studies have not given a clear definition of symptom onset. In our study, the decision delay was defined as “the time period between the identification of uncomfortable symptoms and decision to seek medical help,” which further reduced the error and improved the accuracy, because some symptoms were not immediately recognized by patients. We believe that the time from the onset of symptoms to the recognition of patients cannot be counted as part of DT, because the patient does not realize they need to make a decision at this time.

The median time of decision delay in 217 patients in this study was 180 min, slightly higher than that of another survey of 250 AMI patients in Shanghai, China (24). There were differences in the measurement results of DT for AMI patients in different countries and regions. A multicenter study involving 12 countries including the UK, France, Germany, etc. showed that DT of Finnish patients were shortest (median DT was 40 min) and that of the UK was the longest (median DT was 74 min) (25). The Global Registry of Acute Coronary Events project showed that patients from Australia/New Zealand had the shortest PHD (median PHD was 120 min in STEML patients and 150 min in NSTEML patients) and those from Argentina and Brazil had the longest delays (median PHD was 186 min in STEML patients and 240 min in NSTEML patients) (26). The “golden time” after the onset of AMI is 60 min (27). Before that, reperfusion therapy can effectively limit the infarct size and protect left ventricular function. The current status of PHD is still worrisome. Time is life for patients. How to promote patients to receive medical treatment as soon as possible is a great challenge for health care workers around the world.

After adjusting sociodemographic and clinical variables, inadequate HL still increased the risk of decision delay (OR = 9.32, P < 0.000). HL is a complex concept that involves many aspects of individual skills, including reading, calculation, critical thinking, information acquisition, decision making and many other individual and social skills. These skills are essential in the self-management of diseases (28). Many studies have shown that patients' knowledge and behavior are important factors affecting decision delay (29–31). About one-third of patients did not have typical chest pain symptoms when they sought medical attention (32). Patients with poor awareness of symptoms can easily underestimate the severity of their disease and delay seeking treatment. In our results, we found that NSTEML patients have longer DT, which may be related to the fact that these patients often experience atypical symptoms (33). Longer DT is also associated with low patient numeracy (34), possibly because numeracy skills help patients evaluate risk and integrate available information more precisely into decision-making models (35). Decision delay is the main cause of PHD, and it is also the only part that can be improved by intervention (18). Therefore, shortening DT is an effective way to improve the survival rate of patients, and improving HL is a potentially effective strategy. Improving HL is a gradual, lifelong process and interventions should be integrated into daily life. Organized and systematic health education should be carried out in schools, communities, hospitals and other places to spread health knowledge and popular science of atypical symptoms, improve people's knowledge reserves, and make decisions quickly when detecting symptoms (36).



LIMITATIONS

Several limitations of this study should be considered. Participants were limited to hospitals in Chongqing, China, which may lead to selection bias and results with limited generalizability. Data was obtained based on hospital medical records and patients' self-reports, which may be affected by recall bias. Although the cutoff value of 9 points is currently the most commonly used in standard, it is not necessarily the best choice. There is no unified scoring standard for BHLS, some use 0–4 points and some use 1–5 points. At the same time, the optimal cutoff value of screening tools in different settings depends on tools accuracy, prevalence of inadequate HL, the cost of false positive classification, and the benefits of identifying true positives.



CONCLUSION

When examined in a binary logistic regression model that includes patient behavior, sociodemographic variables, and clinical characteristics, inadequate HL in AMI patients was a key predictor of decision delay. Patients with BMI <25 kg/m2, inadequate HL, self-treatment after onset, and diagnosed with NSTEML and with doctor's relatives or friends were more likely to have longer DT.
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Tellthe people around 34(15.7) 15 (18.9) 19 (14.1) 029(0.10,0.84)  0.022
Direct contact to hospital 38(17.5) 37 (45.1) 1(0.7) 0.01(0.00,003)  <0.000
BMI 168 019
<25.0 kg/m? 133 (61.3) 46 (56.1) 87 (64.4) 1
225 kg/m? 83(382) 36 (43.9) 47 34.8) 045(020,1.01) 0,053
Missing 1 1
Symptoms persist 032 0572
No 96 (44.2) 34 (41.5) 62 (45.9)
Yes 120 (85.3) 47(657.3) 73(54.1)
Missing 1 1
History of CAD 003 0855
No 184 (84.8) 70(85.4) 114 (84.4)
Yes 33(15.2) 12/(14.6) 21 (15.6)
Hypertension 163 0201
No 94 (433) 31(37.8) 63 (46.7)
Yes 123 (56.7) 51(62.2) 72(53.3)
Diabetes 0.10 0.748
No 132 (60.8) 51(62.2) 81(60.0)
Yes 85(39.2) 31(37.8) 54 (40.0)
Combined with HF 036 0546
No 181 (83.4) 70 (85.4) 111 (82.2)
Yes 36(16.6) 12(14.6) 24(17.8)
Current smoker 013 0716
No 104 (47.9) 38 (46.3) 66 (48.9)
Yes 113 (62.1) 44(63.7) 69 (51.1)
Current drinker 0.19 0.667
No 139 (64.1) 54(65.9) 85 (63.0)
Yes 78(35.9) 28(34.1) 50(37.0)
CK-MB (ng/mL) 10.8 (2.7, 63.2) 125(3.3,71.8) 8(2.5,58.5) 4811.00 0279
Missing 5 2 3
cTnl (ng/mL) 1.0(0.2,58) 1.2(02,6.1) 102,48 500650 0.568
Missing 4 1 3
Myo (ng/mL) 1290 (4.7, 2445 (63.4,501.0) 105.0 (40.2, 501.0) 447450 0074
501.0)
Missing 6 2 4
NT-proBNP (pg/mi) 5085 (1180, 189.0(76.4, 1,113.5) 7200(185.0,2,3735) 391850  0.001
2,085.8)

Missing 3 1 2
Diagnosis 373 0053
NSTEML 70(32.3) 20(24.4) 50(37.0) 1
STEML 147 (67.7) 62(75.6) 85 (63.0) 020(0.07,059)  0.004

Bold means P < 0.05.
BMI, body mass index; CAD, coronary artery disease; CK-MB, creatine kinase-MB; cTn, cardiac troponin-I; HF; heart failure; Myo, myoglobin; NSTEML, non-ST elevation myocardial
infarction; NT-proBNP, N-terminal pro B type natriuretic peptide; STEML, ST-elevation myocardial infarction.
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