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Abstract

:

Treatment adherence (TA) is a critical issue and is under-investigated in hemodialysis patients. A multi-center study was conducted from July 2020 to March 2021 on 972 hemodialysis patients in eight hospitals in Vietnam to explore the factors associated with TA during the COVID-19 pandemic. Data were collected, including socio-demographics, an End-Stage Renal Disease Adherence Questionnaire (ESRD-AQ), 12-item short-form health literacy questionnaire (HLS-SF12), 4-item digital healthy diet literacy scale (DDL), 10-item hemodialysis dietary knowledge scale (HDK), 7-item fear of COVID-19 scale (FCoV-19S), and suspected COVID-19 symptoms (S-COVID19-S). Bivariate and multivariate linear regression models were used to explore the associations. Higher DDL scores were associated with higher TA scores (regression coefficient, B, 1.35; 95% confidence interval, 95%CI, 0.59, 2.12; p = 0.001). Higher FCoV-19S scores were associated with lower TA scores (B, −1.78; 95%CI, −3.33, −0.24; p = 0.023). In addition, patients aged 60–85 (B, 24.85; 95%CI, 6.61, 43.11; p = 0.008) with “very or fairly easy” medication payment ability (B, 27.92; 95%CI, 5.89, 44.95; p = 0.013) had higher TA scores. Patients who underwent hemodialysis for ≥5 years had a lower TA score than those who received <5 years of hemodialysis (B, −52.87; 95%CI, −70.46, −35.28; p < 0.001). These findings suggested that DDL and FCoV-19S, among other factors, should be considered in future interventions to improve TA in hemodialysis patients.
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1. Introduction


Globally, approximately 3.8 million people with end-stage renal disease (ESRD) currently rely on renal replacement therapies [1]. Hemodialysis is the most common treatment option worldwide. Renal transplantation and peritoneal dialysis are also applied [2,3]. In Vietnam, there are around 30,000 ESRD patients who are receiving hemodialysis in 2020 [4].



According to World Health Organization, treatment adherence (TA) refers to how well an individual complies with their healthcare provider’s recommendations, which may include taking prescribed medication, following a specific diet, or making lifestyle changes [5]. In hemodialysis patients, non-adherence links to increased morbidity, mortality, healthcare costs, and burden on the healthcare system [6,7,8,9,10,11,12]. Hemodialysis patients must maintain safe potassium and phosphate serum levels to avoid fatal arrhythmia and osteodystrophy [13]. To prevent edema and cardiovascular complications, they must limit fluid intake [14]. Therefore, patients and healthcare providers must strictly follow the treatment protocol/guideline.



The COVID-19 pandemic affects the adherence of ESRD patients to hemodialysis and medication regimens, resulting in a marked increase in the non-adherence rate from 11.7% to 19.5% [15]. A higher fear of COVID-19 score predicts a higher rate of non-adherence to treatment [15]. Increased levels of physical activity are correlated with health-related quality of life in hemodialysis patients (HRQOL) [16], and non-compliance to drug therapy may be associated with worse HRQOL [17]. Hemodialysis patients with sufficient health literacy (HL) had better fluid management and psychological health [18,19,20,21], following treatment recommendations [22]. HL is described as the patient’s capacity to receive, process, communicate, and comprehend fundamental health information and services necessary for making informed health decisions [23,24]. Thus, when patients are fully informed and comprehend what is expected of them, they are better equipped to participate in health-related decisions and are more likely to adhere to regimens that they had a hand in selecting [25,26,27].



Amidst the pandemic, all hemodialysis centers applied strict measures to restrain the spread of COVID-19, such as using masks and restricting family members from visiting patients. The health-related information is provided on digital platforms that require people to access via the internet using digital devices. Thus, HL has become a crucial skill for people to access the application information to manage their health. Digital healthy diet literacy (DDL) has been promoted to encourage individuals to adopt healthier eating behavior, which can strengthen their immune systems. The DDL is an extended concept of HL, as it includes the ability to obtain, understand, assess, and apply digital information related to healthy diets. This ability can lead to better-eating behavior and health outcomes that are essential for containing the pandemic [19,28,29].



Previous studies have investigated TA among hemodialysis patients [10,22,30,31,32,33,34,35], and others focused on HL and fear of COVID-19 [22]. However, a lack of studies mentioned the role of DDL on TA [35]. Therefore, we conducted a multicenter study to investigate the associated factors of TA in hemodialysis patients, where the impacts of DDL and fear were emphasized. We hypothesized that Social -demographic, Fear of COVID-19, physical activity, HL, suspected COVID-19 symptoms (S-COVID19-S), and DDL were associated with TA in hemodialysis patients.




2. Materials and Methods


2.1. Study Design and Sample


We conducted a cross-sectional study between July 2020 to March 2021 at eight hospitals in Vietnam. Hemodialysis patients were recruited if they were able to read and respond to the survey, aged between 18 and 85 inclusively. Patients are excluded if they received hemodialysis treatment in less than 3 months. During the study period, there was no positive case of COVID-19 among the patients studied. In addition, patients needed to sign the informed consent before participating in the research. The study sample is presented in Figure 1.




2.2. Measurements


2.2.1. Treatment Adherence


Treatment adherence (TA) was assessed using the End-Stage Renal Disease Adherence Questionnaire (ESRD-AQ)—46 questions/items—four dimensions (hemodialysis attendance, medication use, fluid restrictions, and diet recommendations). The adherence behavior was calculated using questions numbers 14, 17, 18, 26, 31, and 46, which were further divided into three subscales: adherence to hemodialysis therapy (items 14, 17, and 18), medication (item 26), and fluid and dietary restrictions (items 31 and 46). The responses ranged from 0 to 200. The overall score ranges from 0 to 1200, with higher scores indicating better TA [15,36,37].




2.2.2. Socio-Demographics


Patient’s socio-demographic data (age, gender, education, working status, married status, social status) and medication payment ability were collected. The social status was assessed using a self-reported question “If you self-assess your social status (related to education, occupation, income), which level you are?”. The response options were “low”, middle”, and “high”.




2.2.3. Clinical Parameters


The clinical parameters were assessed, including comorbidity, suspected COVID-19 symptoms (S-COVID-19-S), body mass index (BMI, kg/m2), hemodialysis vintage (year), and fear of COVID-19. HD vintage is the length of time on dialysis [38]. The participants were evaluated and classified as having S-COVID-19-S if they presented any of the following symptoms: fever, cough, fatigue, dyspnea, myalgia, sputum production/expectoration, sore throat, runny nose, confusion, headache, chest pain, rhinorrhea, diarrhea, and/or nausea/vomiting [39]. Comorbidities were evaluated using the Charlson comorbidity index (CCI) items [40].



The fear of COVID-19 was measured using the 7-item fear of COVID-19 scale (FCoV-19S) [41]. The responses ranged from 1 to 5 points, with 1 = “strongly disagree” 2 = “disagree”, 3 = “neither agree nor disagree”, 4 = “agree”, and 5 = “strongly agree”. The overall score ranges from 7 to 35, with higher scores indicating more fear.




2.2.4. Health Literacy, Digital Healthy Diet Literacy, and Hemodialysis Diet Knowledge


Participants’ HL and DDL were evaluated using the 12-item short form of the health literacy questionnaire (HLS-SF12) [42] and the digital healthy diet literacy (DDL-4) [19], respectively. The responses range from 1 to 4, with 1 = “very difficult”, 2 = “fairly difficult”, 3 = “fairly easy”, and 4 = “very easy”. These scales have been validated and are commonly applied in Vietnam [21,43,44,45]. The higher index scores indicate better HL or DDL levels [19,46].



The hemodialysis dietary knowledge (HDK) scale was used to examine the participants’ knowledge about the hemodialysis diet. This scale consists of 10 questions on water, potassium, phosphorus, sodium, and protein [47]. Each question consists of three options, including “correct”, “incorrect”, and “not sure”. The correct answer was treated as “correct”, and incorrect or “not sure” answers were treated as “incorrect”. The responses range from 0 to 1, with 0 = “incorrect answer” and 1 = “correct answer”. The HDK total score ranges from 0 to 10, with higher scores indicating greater knowledge. This questionnaire has been validated and utilized in prior research [21,45].





2.3. Data Collection Procedure


The procedure was mentioned in previous research [21,45]. Nephrologists, nurses, and students were trained in data collection. The COVID-19 controlling measures were implemented, including mask wearing, hand washing, and physical distancing. About 30 min were spent conducting the survey. The data were then coded, cleaned, and analyzed.




2.4. Data Analysis


First, the distributions of the studied variables were checked and presented with a number (n), percentage (%), mean, and standard deviation (SD) appropriately. Next, the t-test or one-way ANOVA test was used to explore group differences in treatment adherence scores. The assumption about the distribution of TA is presented in Supplementary Figure S1. Thirdly, we used bivariate linear regression analysis to identify the associated factor of TA. There are several factors that associate with TA. To minimize the residual effects of studied factors, we included those factors based on biological plausibility and prior literature [48,49] into the models. According to the simulation study of confounder-selection strategies, to eliminate the residual effects of studied factors, the factors associated with TA at p-value < 0.2 in the bivariate model were included in the multivariate model [50]. The independent variables’ correlations were checked before running the multivariate linear regression to avoid multicollinearity. The Spearman correlation coefficients of independent variables that were less than 0.3 were accepted to be added to the multivariate model (Supplementary Tables S1–S5). All statistical analyses were performed using IBM SPSS Version 26.0 (IBM Corp., Armonk, NY, USA). Statistical significance was established at p < 0.05.





3. Results


3.1. Participants’ Socio-Demographics


The participants’ characteristics are described in Table 1. Among 972 patients, 517 (53.46%) were male, and 450 (46.54%) were female. The number of patients aged 18 to 59 is 585 (60.19%). The treatment adherence was significantly different in some variables, such as education, social status, medication payment ability, suspected COVID-19 symptoms, and hemodialysis vintage (p < 0.05).




3.2. Associated Factors of Treatment Adherence


Table 2 shows the results of bivariate and multivariate linear regression models. In the bivariate model, patients had a higher TA score were those with higher education (B, 42.53; 95%CI, 18.87, 66.19; p < 0.001), middle and high social status (B, 36.11; 95%CI, 16.38, 55.84; p < 0.001), “very or fairly easy” medication payment ability (B, 55.21; 95%CI, 34.50, 75.92; p < 0.001), with suspected COVID-19 symptoms (B, 25.46; 95%CI, 0.22, 50.70; p = 0.048), with a higher HL score (B, 1.98; 95%CI, 1.03, 2.93; p < 0.001), and a higher DDL score (B, 1.58; 95%CI, 0.82, 2.53; p < 0.001). Inversely, patients had a lower TA score were those with a longer hemodialysis vintage (>5 years) (B, −59.07; 95%CI, −76.92, −41.23; p < 0.001), higher scores of fear of COVID-19 (B, −3.19; 95%CI, −4.68, −1.70; p < 0.001), and CCI (B, −6.05; 95%CI, −11.34, −0.75; p = 0.025), respectively.



To avoid multicollinearity, the correlations among the variables (p < 0.20) were examined (Supplementary Tables S1–S5). The variables selected in the multivariable linear regression models were age, working status, social status, medication payment ability, S-COVID-19-S, hemodialysis vintage, DDL index, fear of COVID-19, and CCI. The results of multivariate analysis show that patients who had a higher TA score were those with older age (from 60 to 85) (B, 24.85; 95%CI, 6.61, 43.11; p = 0.008), with “very or fairly easy” medication payment ability (B, 27.92; 95%CI, 5.89, 49.95; p = 0.013), a higher DDL score (B, 1.35; 95%CI, 0.59, 2.12; p = 0.001), respectively. Inversely, patients who had a lower TA score were those with a longer hemodialysis vintage (>5 years) (B, −52.87; 95%CI, −70.46, −35.28; p < 0.001), with more fear of COVID-19 (B, −1.78; 95%CI, −3.33, −0.24; p = 0.023), respectively.



In Table 3, patients with a longer hemodialysis vintage were less likely to adhere to hemodialysis therapy (B, −22.73; 95%CI, −33.46, −12.01; p < 0.001). Patients with older age (60 to 85) (B, 4.39; 95%CI, 0.63, 8.15; p = 0.022), a higher DDL (B, 0.17; 95%CI, 0.01, 0.33; p = 0.036) were more likely adhere to medication. Inversely, people with S-COVID-19 S (B, −11.06; 95%CI, 15.98, −6.13; p = 0.001) and a longer hemodialysis vintage (B, −9.40; 95%CI, −13.01, −5.79; p = 0.001) were less likely adhere to medication. In addition, patients who had a higher score of adherence to fluid and diet were those with older age (B, 17.02; 95%CI, 5.04, 29.01; p = 0.005), middle and high social status (B, 13.87; 95%CI, 0.25, 27.49; p = 0.046), “very and fairly easy” medication payment ability (B, 18.96; 95%CI, 4.12, 33.80; p = 0.012), and having suspected COVID-19 symptoms (B, 27.13; 95%CI, 10.78, 43.49; p = 0.001), a higher DDL score (B, 1.05, 95%CI, 0.53, 1.56; p = 0.001), respectively. Inversely, patients who had a lower score of adherence to fluid and diet were those with a longer hemodialysis vintage (B, −18.70; 95%CI, −30.53, −6.87; p = 0.002), fear of COVID-19 (B; −1.70; 95%CI, −2.71, −0.68; p = 0.001), and a higher HDK index (B, −4.92; 95%CI, −7.51, −2.34; p = 0.001), respectively.





4. Discussion


In this study, age, medication payment ability, and DDL were protective factors for treatment adherence in hemodialysis patients during the COVID-19 pandemic. At the same time, fear of COVID-19 and length of hemodialysis (for more than five years) were associated with lower scores of treatment adherence. Therefore, it is vital to design timely education programs for hemodialysis patients to improve health literacy and diet literacy and to allay the fears associated with COVID-19.



The most significant finding in this study is that DDL and HL were protective factors of treatment adherence, especially since this is the first study that shows the effectiveness of DDL in the treatment adherence of HD patients. Health literacy was also associated with better adherence to infection prevention and control during COVID-19 [51]. Addititionally, higher HL and DDL were also positively associated with a healthy diet, physical, and reduced risk of osteoporosis in hemodialysis patients [45,51]. Since DDL is highly correlated with HL, thus DDL as representative of HL was selected into the multivariate model to emphasize its impact. Therefore, the impact of HL cannot be ignored in improving treatment adherence.



We found the role of DDL on adherence to medication, fluid, and diet in particular. During the COVID-19 pandemic, patients relied more on online sources for information; their DDL became a critical factor. Beyond the pandemic, as long as healthy diet information is provided on the online platform, the DDL still keeps a substantial role in promoting healthy eating behavior and health.



In a previous study, HDK was found to have a good association with HL and DDL in terms of mitigating the detrimental effects of S-COVID-19-S on anxious and depressive symptoms in hemodialysis patients [21]. However, HDK has a negative impact on fluid and diet adherence. This could be explained by the fact that the HDK scale tends to represent for diet knowledge of patients [21]; this implies that patients require knowledge and decision-making skills. Therefore, we need to improve the ability of hemodialysis patients to get diet knowledge using digital devices.



Our study shows that fear of COVID-19 is associated with lower scores of treatment adherence. This finding is in line with a prior study, which found that insufficient knowledge and low perception scores, as well as a high fear of COVID-19, were the primary predictors of non-adherence [15]. Furthermore, the fear of COVID-19 also increased the chemotherapy postponement rate in cancer patients [52]. Hemodialysis patients are considered a vulnerable population as they are at an increased risk of COVID-19 infection and experiencing severe outcomes due to several factors such as age, comorbidities (especially diabetes and hypertension), and weakened immune systems due to their underlying health condition [53,54]. Despite orders to remain at home, hemodialysis patients have to leave their homes many times per week for hemodialysis treatment in the dialysis center [55,56]. Taken together, these factors aggravate the non-adherence to treatment in hemodialysis patients.



We analyzed subscales of treatment adherence and found that fear of COVID-19 was associated with adherence to fluids and diet. A previous study showed that hemodialysis patients perceived food and fruit restriction as a complex and challenging process requiring constant effort. The patient’s perception of personal, societal, and systemic barriers made diet and fluid restriction compliance even more difficult. In addition, most patients needed to be adequately supported in managing diet and fluid restriction, and they had established their strategies [57]. Consequently, due to the fear of COVID-19, the non-adherence to the fluid and diet was highly reported.



In our study, S-COVID-19-S was associated with lower scores of medication adherence but associated with higher scores of fluid and diet adherence. When hemodialysis patients have symptoms such as COVID-19, they may need to use other drugs that they may confuse with current medications. Therefore, in practice, health providers should remind patients to pay more attention to regular ESRD-treated medications in addition to the limited-access drugs they obtain when they get symptoms such as worsen COVID-19. Meanwhile, fluid and diet appear to be easier to obtain than medications. Therefore, the patients are likely to adhere to fluid and diet when they have suspected COVID-19 symptoms.



We found that patients with longer hemodialysis vintage had lower scores of treatment adherence. Several studies found that a longer hemodialysis vintage was associated with a lower chance of non-adherence to treatment as a result of individuals examining the impact of dialysis on their bodies and learning to cope with difficulties by engaging with other patients and healthcare providers [58,59]. However, patients with prolonged hemodialysis are prone to polypharmacy, a reflection of the high frequency of comorbidities and the numerous complications associated with dialysis treatment. In addition, previous research suggests that a high number of medications administered to hemodialysis patients is associated with a decline in their quality of life, lower treatment adherence, and an increased mortality risk [60,61]. Particular hemodialysis vintage also was a negative factor in all subscales of treatment adherence. Our study also found that patients with comorbid conditions had less treatment adherence. Together, these rationales could prove our results about the relationship between treatment adherence and hemodialysis duration.



Additionally, patients with better medication payment ability had higher treatment adherence, particularly with fluid and diet adherence. Hemodialysis patients in Vietnam need to co-pay with national health insurance due to the low reimbursement rate of only 25 USD for each session [4]. Moreover, patients frequently face decreased productivity due to the rigorous treatment schedule and their physical limitations. As a result, the worldwide employment rate and income have declined [62,63]. Financial difficulty affects their daily life and physical and mental health, demonstrating a link between financial hardship and overall symptom burden, including depression, fatigue, pain, and sexual dysfunction [64].



We found that older patients adhere to medication, fluid, and diet better than younger patients. This result is similar to previous results [65]. Patients have been living with ESRD for a longer time and have more experience in adhering to the hemodialysis diet and treatment. In addition, older individuals tend to consume low-sodium diets [66].



There are some limitations to consider. First, a cross-sectional study is not possible to establish a causal relationship between studied variables. However, the results of this study may still be useful in developing public health interventions to improve treatment adherence for individuals who are particularly fearful of COVID-19 during the pandemic. Secondly, our data were collected through the survey; thus, it is hard to avoid recall bias. However, our collectors were well-trained and used face-to-face interviews that can reduce recall bias. Thirdly, our study focuses on treatment adherence behaviors through six questions from the ESRD-AQ. Therefore, in the future, we intend to evaluate comprehensive treatment adherence in hemodialysis patients.




5. Conclusions


Digital health diet literacy (DDL) and fear of COVID-19 (FCoV-19S) are important factors in determining treatment adherence among hemodialysis patients. Therefore, it is recommended that future interventions to improve treatment adherence among hemodialysis patients should take into account these two factors, particularly during the current and future pandemics.
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Figure 1. The study sample. 
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Table 1. Patients’ characteristics and treatment adherence (N = 972).
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	Variables
	Total

N (%)
	Treatment Adherence

(Mean ± SD)
	p





	Age
	
	
	0.050 a



	18–59
	585 (60.19)
	1040.50 ± 143.47
	



	60–85
	387 (39.81)
	1058.93 ± 142.92
	



	Gender
	
	
	0.544 a



	Male
	517 (53.46)
	1050.15 ± 143.51
	



	Female
	450 (46.54)
	1044.54 ± 143.63
	



	Education
	
	
	<0.001 b



	Illiterate or elementary
	372 (42.32)
	1047.86 ±137.61
	



	Junior high school
	281 (31.97)
	1018.54 ± 152.53
	



	Senior high school or above
	226 (25.71)
	1090.40 ± 139.12
	



	Working status
	
	
	0.199 a



	Not working
	334 (34.97)
	1039.38 ± 136.62
	



	Working
	621 (65.03)
	1051.84 ± 145.94
	



	Married status
	
	
	0.639 a



	Never married
	86 (8.95)
	1040.47 ± 145.99
	



	Ever married
	875 (91.05)
	1048.11 ± 143.55
	



	Social status
	
	
	<0.001 a



	Low
	274 (28.81)
	1022.39 ± 141.05
	



	Middle and high
	677 (71.19)
	1058.51 ± 140.14
	



	Medication payment ability
	
	
	<0.001 a



	Very or fairly difficult
	726 (75.86)
	1035.26 ± 143.07
	



	Very or fairly easy
	231(24.14)
	1090.47 ± 128.39
	



	S-COVID-19-S
	
	
	0.048 a



	Without S-COVID-19-S
	146 (15.02)
	1026.19 ± 142.31
	



	With S-COVID-19-S
	826 (84.98)
	1051.66 ± 143.41
	



	BMI, kg/m2
	
	
	0.468 a



	BMI < 24
	827 (90.19)
	1045.82 ± 140.53
	



	BMI ≥ 24
	90 (9.81)
	1057.28 ± 156.74
	



	HD vintage, year
	
	
	<0.001 a



	<5
	550 (56.58)
	1073.48 ± 136.81
	



	≥5
	422 (43.42)
	1017.41 ± 145.19
	



	CCI (Mean ± SD)
	1.74 ± 1.70
	
	



	HL index (Mean ± SD)
	23.77 ± 9.44
	
	



	DDL index (Mean ± SD)
	23.52 ± 11.68
	
	



	HDK (Mean ± SD)
	4.29 ± 2.30
	
	



	FCoV-19S (Mean ± SD)
	20.58 ± 6.0
	
	



	Treatment adherence (Mean ± SD)
	1047.83 ± 143.46
	
	



	Hemodialysis treatment

(Mean ± SD)
	563.32 ± 77.05
	
	



	Medication (Mean ± SD)
	184.19 ± 27.44
	
	



	Fluid and Diet (Mean ± SD)
	301.08 ± 97.0
	
	







Abbreviation: SD, standard deviation; S-COVID-19-S, suspected COVID-19 symptoms; BMI, body mass index; HD, hemodialysis; CCI, Charlson comorbidity index; HL, health Literacy; DDL, digital health diet literacy; HDK, hemodialysis dietary knowledge; FCoV-19S, fear of COVID-19 scale. a Results of the chi-square test; b Results of one-way ANOVA.
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Table 2. Associated factors of treatment adherence via bivariate and multivariate linear regression analysis.
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Variables

	
Treatment Adherence




	
Bivariate

	
Multivariate




	
B (95% CI)

	
p

	
B (95% CI)

	
p






	
Age

	

	

	

	




	
18–59

	

	

	

	




	
60–85

	
18.42 (0.01, 36.85)

	
0.05

	
24.85 (6.61, 43.11)

	
0.008 a




	
Gender

	

	

	

	




	
Male

	

	

	

	




	
Female

	
−5.61 (−23.78, 12.54)

	
0.544

	

	




	
Education

	

	

	

	




	
Illiterate or elementary

	

	

	

	




	
Junior high school

	
−29.32 (−51.48, −7.15)

	
0.01

	

	




	
Senior high school or above

	
42.53 (18.87, 66.19)

	
<0.001

	

	




	
Working status

	

	

	

	




	
Not working

	

	

	

	




	
Working

	
12.45 (−6.55, 31.46)

	
0.199

	
−2.25 (−21.15, 16.65)

	
0.815 a




	
Married status

	

	

	

	




	
Never married

	

	

	

	




	
Ever married

	
7.63 (−24.25, 39.51)

	
0.639

	

	




	
Social status

	

	

	

	




	
Low

	

	

	

	




	
Middle and high

	
36.11 (16.38, 55.84)

	
<0.001

	
19.22 (−1.23, 39.69)

	
0.066 a




	
Medication payment ability

	

	

	

	




	
Very or fairly difficult

	

	

	

	




	
Very or fairly easy

	
55.21 (34.50, 75.92)

	
<0.001

	
27.92 (5.89, 49.95)

	
0.013 a




	
S-COVID-19-S

	

	

	

	




	
Without S-COVID-19-S

	

	

	

	




	
With S-COVID-19-S

	
25.46 (0.22, 50.70)

	
0.048

	
15.58 (−9.41, 40.58)

	
0.221 a




	
BMI, kg/m2

	

	

	

	




	
BMI < 24

	

	

	

	




	
BMI ≥ 24

	
11.46 (−19.50, 42.44)

	
0.468

	

	




	
HD vintage, year

	

	

	

	




	
<5

	

	

	

	




	
≥5

	
−59.07 (−76.92, −41.23)

	
<0.001

	
−52.87 (−70.46, −35.28)

	
<0.001 a




	
CCI

	
−6.05 (−11.34, −0.75)

	
0.025

	
−3.70 (−9.11, 1.70)

	
0.179 a




	
HL index

	
1.98 (1.03, 2.93)

	
<0.001

	

	




	
DDL index

	
1.58 (0.82, 2.53)

	
<0.001

	
1.35 (0.59, 2.12)

	
0.001 a




	
HDK index

	
0.04 (−3.89, 3.96)

	
0.985

	

	




	
FCoV-19S

	
−3.19 (−4.68, −1.70)

	
<0.001

	
−1.78 (−3.33, −0.24)

	
0.023 a








Abbreviations: B, regression coefficient; CI, confidence interval; S-COVID-19-S, suspected COVID-19 symptoms; BMI, body mass index; HD, Hemodialysis; CCI, Charlson comorbidity index; HL, health literacy; DDL, digital health diet literacy; HDK, hemodialysis dietary knowledge; FCoV-19S, fear of COVID-19 scale. a Multilinear regression model consisting of age, working status, social status, medication payment ability, S-COVID-19-S, HD vintage, DDL index, Fear of COVID-19, and CCI.
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Table 3. Associate factors of adherence to hemodialysis treatment, medication, fluid, and diet via multivariate linear regression analysis.
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Hemodialysis

Treatment

	
Medication

	
Fluid and Diet




	
B (95% CI)

	
p

	
B (95% CI)

	
p

	
B (95% CI)

	
p






	
Age

	

	

	

	

	

	




	
19–59

	

	

	

	

	

	




	
60–85

	

	

	
4.39

(0.63, 8.15)

	
0.022 b

	
17.02

(5.04, 29.01)

	
0.005 c




	
Gender

	

	

	

	

	

	




	
Male

	

	

	

	

	

	




	
Female

	
−4.55

(−15.14, 6.03)

	
0.398 a

	

	

	

	




	
Education

	

	

	

	

	

	




	
Illiterate or elementary

	

	

	

	

	

	




	
Junior high school

	

	

	

	

	

	




	
Senior high school or above

	
−1.71

(−8.41, 5.01)

	
0.618 a

	
1.86

(−0.45, 0.18)

	
0.115 b

	

	




	
Working status

	

	

	

	

	

	




	
Not working

	

	

	

	

	

	




	
Working

	

	

	

	

	
1.36

(−11.23, 13.96)

	
0.832 c




	
Married status

	

	

	

	

	

	




	
Never married

	

	

	

	

	

	




	
Ever married

	

	

	

	

	

	




	
Social status

	

	

	

	

	

	




	
Low

	

	

	

	

	

	




	
Middle and high

	

	

	

	

	
13.87

(0.25, 27.49)

	
0.046 c




	
Medication payment ability

	

	

	

	

	

	




	
Very or fairly difficult

	

	

	

	

	

	




	
Very or fairly easy

	
5.86

(−6.64, 18.37)

	
0.357 a

	
2.78

(−1.55, 7.12)

	
0.208 b

	
18.96

(4.12, 33.80)

	
0.012 c




	
S-COVID-19-S

	

	

	

	

	

	




	
Without S-COVID-19-S

	

	

	

	

	

	




	
With S-COVID-19-S

	

	

	
−11.06

(−15.98, −6.13)

	
<0.001 b

	
27.13

(10.78, 43.49)

	
0.001 c




	
BMI, kg/m2

	

	

	

	

	

	




	
BMI < 24

	

	

	

	

	

	




	
BMI ≥ 24

	

	

	

	

	

	




	
HD vintage, year

	

	

	

	

	

	




	
<5

	

	

	

	

	

	




	
≥5

	
−22.73

(−33.46, −12.01)

	
<0.001 a

	
−9.40

(−13.01, −5.79)

	
<0.001 b

	
−18.70

(−30.53, −6.87)

	
0.002 c




	
CCI

	
−2.46

(−5.49, 0.56)

	
0.111 a

	
0.31

(−0.77, 1.38)

	
0.581 b

	

	




	
HL index

	

	

	

	

	

	




	
DDL index

	

	

	
0.17

(0.01, 0.33)

	
0.036 b

	
1.05

(0.53, 1.56)

	
0.001 c




	
HDK

	
1.9 (−0.3, 4.3)

	
0.092 a

	
0.57

(−0.20, 1.35)

	
0.148 b

	
−4.92

(−7.51, −2.34)

	
0.001 c




	
FCoV-19S

	

	

	
−0.18

(−0.49, 0.12)

	
0.238 b

	
−1.70

(−2.71, −0.68)

	
0.001 c








Abbreviations: B, regression coefficient; CI, confidence interval; S-COVID-19-S, suspected COVID-19 symptoms; BMI, body mass index; HD, hemodialysis; CCI, Charlson comorbidity index; HL, health literacy; DDL, digital health diet literacy; HDK, hemodialysis dietary knowledge; FCoV-19S, fear of COVID-19 scale. a Multiple linear regression model consisting of gender, education, medication payment ability, HD vintage, HDK, and CCI. b Multiple linear regression model consisting of age, education, medication payment ability, S-COVID-19-S, HD vintage, DDL index, HDK, Fear of COVID-19, and CCI. c Multiple linear regression model consisting of age, working status, social status, medication payment ability, S-COVID-19-S, HD vintage, DDL index, HDK index, and Fear of COVID-19.
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