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Abstract
Background
Hemodialysis is a medical technology implemented for various renal diseases and has a significant budget impact in Japan. Hemodialysis also affects health-related quality of life, as it interferes with daily life, but the effect of diagnosis and duration of hemodialysis is not clear. The purpose of this study was to examine the impact of hemodialysis on health-related quality of life, with a focus on diagnosis and duration of hemodialysis.

Methods
We conducted EQ-5D-5L surveys among hemodialysis patients at a single hemodialysis hospital between November 2015 and September 2017 and used a scoring algorithm that was developed in Japan to calculate the scores.

Results
A total of 274 subjects without missing data were included in the data analysis. The mean score of the entire group was 0.772 ± 0.215. Compared with other domains, pain/discomfort had the highest percentage of problems (59.1%). There were no differences in the distributions with respect to diagnostic names in any domain. Multiple regression analysis showed that hemodialysis duration was the only explanatory variable that had a mild significant effect on EQ-5D-5L scores, but it was not large.

Conclusions
QOL measured using the EQ-5D-5L survey score was not affected by age, gender, or diagnosis but was affected by hemodialysis duration. Future studies are needed to investigate the impact of prolonged hemodialysis on health-related quality of life.
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Background
In Japan, the number of dialysis patients and associated medical costs have been increasing owing to the aging of the population. The patient numbers approached 340,000 in 2018, an increase of approximately 60% since 2000. Medical expenses for dialysis are approximately 1.7 trillion Yen, which accounts for about 4% of total medical expenses [1]. From the start of the 2019 fiscal year, a cost-effectiveness evaluation for medical technologies was introduced in Japan. The efficiency of various medical technologies is expected to be discussed in the future. To ensure the successful implementation of the health technology assessment in Japan, which includes a cost-effectiveness assessment, the need to collect basic data on the costs and effectiveness of medical treatment, as well as preference-based quality of life (QOL) data for various diseases, i.e., efficacy values, is evident.
According to a systematic review conducted by Liem et al. [2], the efficacy values for dialysis had 95% confidence intervals (CIs) of 0.54–0.68, 0.57–0.92, and 0.49–0.62 in the Time Trade-off, Standard Gamble, and EuroQoL five-dimensional (EQ-5D) scores, respectively. Besides these measures, the Health Utilities Index [3] and six-dimensional health state short form [4–6] were used. However, the impact of dialysis duration on QOL has not been completely elucidated, as Phair et al. [7] reported a decrease from 0.73 at baseline to 0.67 at 1-year follow-up, while Yang et al. [8, 9] reported that dialysis lasting more than 3.5 years had no impact on QOL.
It is well known that utility values vary depending on the measurement method and scale used. The EQ-5D is a measurement tool developed by the EuroQol Group. It is the most widely used indirect preference-based measure of the QOL in the world [10]. There are two variants of the EQ-5D, namely the 3-level EQ-5D and 5-level EQ-5D (EQ-5D-5L), and its scoring algorithm differs from country to country. Therefore, it is impossible to compare reports using these parameters in a uniform manner.
In addition, the Official Guidelines for the Economic Evaluation of Drugs/Medical Devices in Japan [11], which were developed for measuring efficacy values, recommend the use of a preference-based measure developed by the time trade-off method. Currently, the EQ-5D-5L is the only tool conforming to this recommendation. With an increased need for evaluation of health economics for various disease areas in the future, it would be meaningful to elucidate the effects of hemodialysis.
There are certainly several previous studies using the EQ-5D in Japan. Takura et al. [12] showed that the utility values of EQ-5D were lower in patients with diabetic nephropathy than in those with other diseases. Shimizu et al. [13] also reported that the decline in the QOL of dialysis patients was related to the decline in the ability to walk and increase in age. However, the effect of dialysis on EQ-5D utility values is not completely understood. In addition, the impact of hemodialysis on QOL (i.e., on the domains of EQ-5D-5L) of hemodialysis patients remains unclear. This study aimed to investigate the effects of primary disease and hemodialysis duration on utility values and distribution characteristics of EQ-5D-5L scores in hemodialysis patients.
Methods
Study sample
In this single-center study, we conducted a survey among dialysis patients at the Renal Failure Center of Saiwaicho Memorial Hospital in Okayama Prefecture between November 2015 and September 2017. Okayama Prefecture is located in the Kinki region and with a population of approximately 2 million people, it is the 20th largest municipality of the 47 prefectures in Japan. Saiwaicho Memorial Hospital is a dialysis hospital with 80 dialysis beds. The inclusion criteria were as follows: a definite diagnosis, age of at least 20 years, no cognitive impairment, and the ability to answer a self-administered questionnaire.
Procedure
The survey was first administered to consenting patients who were briefed by trained nurses. Patients responded to the EQ-5D-5L and EuroQol Visual Analogue Scale (EQ-VAS) on their own. Information regarding the patients’ genders, ages, diagnoses, and dialysis durations was collected from medical records. The following classifications were used for diagnoses: chronic glomerulonephritis, diabetic nephropathy, nephrosclerosis, cystic kidney, pregnancy toxemia, and others.
Measures
Preference-based QOL was measured using the Japanese version of the EQ-5D-5L. The EQ-5D-5L is a tool that comprises five domains for measuring the QOL: mobility, personal care, daily activities, pain/discomfort, and anxiety/stifling. Each domain has five levels: no, slight, moderate, severe, and extreme problems. It also includes EQ-VAS, which is a measure that uses a visual analog scale to indicate the health status of the day on a scale of 0–100. A cross-sectional study on hemodialysis patients at Saiwaicho Memorial Hospital in Okayama Prefecture, Japan, which used the Japanese version of the scoring algorithm developed by Ikeda et al. [14], revealed that the best and worst health states, indicated by “11111” and “55555,” respectively, were 1 and − 0.003, respectively.
Ethical procedure
We explained the purpose and methods of the study to the subjects and obtained their written consent. This study was approved by the Ethics Committee of Niigata University of Health and Welfare (No. 17560-150205).
Statistical analysis
Data are presented as mean ± standard deviation. The χ2 test and analysis of variance were used to compare groups with respect to demographic factors. Spearman's rank correlation coefficient was used to assess the correlation between variables. Differences in quality of life by duration of dialysis were treated using a one-way analysis of variance. Finally, the multiple regression analysis was also performed to confirm the relationship between EQ-5D-5L scores, EQ-VAS results, and other factors. SPSS Statistics 24 (International Business Machines Corporation, Armonk, NY, United States) was used for statistical analyses, and the significance level was set at 5%.
Results
Subjects
A total of 278 patients were included in this study, of whom 274 patients without missing data were included in the data analysis. The characteristics of the subjects are shown in Table 1. The mean age of the subjects was 68.8 ± 12.7 years, and the male to female ratio was 173/101. The disease breakdown for the subjects was as follows: chronic glomerulonephritis, diabetic nephropathy, nephrosclerosis, cystic kidney, pregnancy toxemia, and others in 82, 96, 40, 12, 6, and 38 subjects, respectively (30.0%, 35.0%, 14.5%, 4.4%, 2.2, and 13.8%, respectively).Table 1Characteristics and EQ-5D-5L data of subjects


	 	All (n = 274)
	Chronic glomerulonephritis (n = 82)
	Diabetic nephropathy (n = 96)
	Nephrosclerosis (n = 40)
	Cystic kidney (n = 12)
	Pregnancy toxemia (n = 6)
	Others (n = 38)
	P value

	Sex (M/F)
	173/101
	43/39
	72/24
	24/16
	8/4
	0/6
	26/12
	< 0.001

	Age (year)
	68.8 ± 12.7
	67.5 ± 11.1
	67.9 ± 10.9
	79.7 ± 11.9
	61.6 ± 8.7
	68.8 ± 7.8
	64.6 ± 16.4
	< 0.001

	Age < 59
	59
	16
	23
	2
	5
	0
	13
	< 0.001

	60–69
	83
	33
	27
	6
	5
	4
	8

	70–79
	71
	22
	31
	6
	2
	1
	9

	≥ 80
	62
	11
	16
	26
	0
	1
	8

	Duration of hemodialysis (y)
	8.0 ± 9.1
	14.2 ± 11.7
	5.2 ± 4.3
	3.6 ± 3.7
	7.9 ± 8.2
	19.3 ± 12.0
	4.3 ± 7.0
	< 0.001

	EQ-5D-5L score
	0.772 ± 0.215
	0.750 ± 0.236
	0.768 ± 0.221
	0.802 ± 0.197
	0.814 ± 0.175
	0.819 ± 0.122
	0.787 ± 0.207
	0.779

	EQ-5D-5L VAS
	69.8 ± 21.0
	70.9 ± 20.8
	71.2 ± 19.7
	69.9 ± 24.8
	61.1 ± 23.3
	68.7 ± 22.5
	64.3 ± 22.5
	0.584




EQ-5D-5L scores
The mean EQ-5D-5L score for the entire subject population was 0.772 ± 0.215 (Table 1). The mean scores for chronic glomerulonephritis, diabetic nephropathy, nephrosclerosis, cystic kidney, pregnancy toxemia, and others were 0.750 ± 0.236, 0.768 ± 0.221, 0.802 ± 0.197, 0.814 ± 0.175, 0.819 ± 0.122, and 0.787 ± 0.207, respectively; however, there were no significant differences in EQ-5 scores among these diseases. The differences in D-5L scores were also not statistically significant (p = 0.779). The differences in the EQ-5D-5L scores for each age group were not statistically significant; the scores of < 59, 60–69, 70–79, and ≥ 80 years age group were 0.805 ± 0.201, 0.748 ± 0.235, 0.779 ± 0.219, and 0.780 ± 0.202, respectively (p = 0.506).
Figure 1 shows the distribution of responses with respect to domain. The findings were as follows: the proportions for “some kind of problem” of mobility, self-care, usual activities, pain/discomfort, and anxiety/depression were 50.3%, 28.1%, 48.9%, 59.1%, and 31.4%, respectively, in each domain. Pain/discomfort had the highest rate of reported problems. Table 2 also shows the distribution of EQ-5D-5L responses with respect to diagnostic names. There were no differences in the distributions with respect to diagnostic names in any domain.[image: ../images/41100_2021_382_Fig1_HTML.png]
Fig. 1Distribution on individual EQ-5D-5L dimensions

Table 2Number of respondents at different levels in the EQ-5D-5L profile by diagnosis


	 	Level
	Chronic glomerulonephritis (n = 82)
	Diabetic nephropathy (n = 96)
	Nephrosclerosis (n = 40)
	Cystic kidney (n = 12)
	Pregnancy toxemia (n = 6)
	Others (n = 38)
	P value

	Mobility
	1
	42
	44
	22
	5
	3
	20
	0.745

	2
	15
	25
	8
	5
	1
	10

	3
	9
	16
	6
	1
	2
	5

	4
	10
	8
	4
	1
	0
	3

	5
	6
	3
	0
	0
	0
	0

	Self-care
	1
	57
	69
	33
	9
	5
	26
	0.919

	2
	13
	14
	4
	2
	1
	9

	3
	4
	8
	2
	1
	0
	2

	4
	6
	3
	1
	0
	0
	1

	5
	2
	2
	0
	0
	0
	0

	Usual activity
	1
	46
	46
	20
	7
	3
	20
	0.915

	2
	16
	25
	13
	4
	3
	13

	3
	8
	12
	3
	0
	0
	2

	4
	11
	12
	3
	1
	0
	3

	5
	1
	1
	1
	0
	0
	0

	Pain/discomfort
	1
	32
	39
	18
	6
	2
	17
	0.929

	2
	30
	34
	17
	5
	2
	14

	3
	13
	17
	3
	1
	2
	6

	4
	6
	6
	2
	0
	0
	0

	5
	1
	0
	0
	0
	0
	1

	Anxiety/depression
	1
	53
	69
	27
	8
	5
	28
	0.916

	2
	22
	16
	10
	3
	1
	7

	3
	3
	6
	2
	1
	0
	1

	4
	2
	4
	1
	0
	0
	0

	5
	2
	1
	0
	0
	0
	2




EQ-5D-5L VAS scores
The mean EQ-5D-5L VAS score for the entire subject population was 69.8 ± 21.0 (Table 1). The mean scores for chronic glomerulonephritis, diabetic nephropathy, nephrosclerosis, cystic kidney, pregnancy toxemia, and other diseases were 70.9 ± 20.8, 71.2 ± 19.7, 69.9 ± 24.8, 61.1 ± 23.3, 68.7 ± 22.5, and 64.3 ± 22.5, respectively; however, we found that the differences in EQ-5D-5L VAS scores among the diseases were not statistically significant (p = 0.584). The EQ-5D-5L and EQ-5D-5L VAS scores had a correlation coefficient of r = − 0.085.
The relationship between hemodialysis duration and EQ-5D-5L score
Figure 2 shows the distribution of hemodialysis duration and EQ-5D-5L scores. Figure 3 also shows the EQ-5D-5L scores for each quintile of the hemodialysis period. In addition, Table 3 shows the differences in EQ-5D-5L scores by hemodialysis period. The EQ-5D-5L score was maintained near 0.8 if the duration of hemodialysis was less than 10 years, but after 10 years, the EQ-5D-5L score decreased. A one-way analysis of variance showed a significant difference (p = 0.001).[image: ../images/41100_2021_382_Fig2_HTML.png]
Fig. 2Scatter plot of duration of hemodialysis and EQ-5D-5L score

[image: ../images/41100_2021_382_Fig3_HTML.png]
Fig. 3EQ-5D-5L score by duration of hemodialysis

Table 3EQ-5D-5L score between duration of hemodialysis*


	Duration of hemodialysis (y)
	n
	Mean
	SD
	95%CI

	< 1
	75
	0.838
	0.185
	0.795
	0.880

	2–5
	73
	0.778
	0.222
	0.724
	0.830

	6–10
	59
	0.791
	0.191
	0.739
	0.841

	11–20
	38
	0.706
	0.227
	0.627
	0.783

	21 <
	29
	0.657
	0.240
	0.565
	0.748


SD standard deviation, *significant differences between duration of hemodialysis by one-way ANOVA (p = 0.001)



Regression analysis
Multiple regression analysis was performed on EQ-5D-5L and EQ-5D-5L VAS scores, with each domain as an objective variable. The explanatory variables for the EQ-5D-5L score included gender, age, hemodialysis duration, and diagnosis. Only hemodialysis duration had a significant effect as an explanatory variable (Table 4). In contrast, the EQ-5D-5L VAS score was not significantly affected by any of the explanatory variables (Table 5).Table 4Regression analysis for EQ-5D-5L score


	 	B
	T
	P value
	95%CI

	Constant
	0.828
	9.36
	< 0.001
	0.653
	1.001

	Sex
	0.041
	1.48
	0.139
	− 0.013
	0.097

	Age
	− 0.001
	− 0.89
	0.373
	− 0.003
	0.001

	Diagnosis
	0.000
	0.03
	0.978
	− 0.017
	0.017

	Duration
	− 0.006
	− 4.04
	< 0.001
	− 0.009
	− 0.003


B regression coefficient, T t-statics, Boldness suggests statistical significance


Table 5Regression analysis for EQ-5D-5L VAS


	 	B
	T
	P value
	95%CI

	Constant
	88.509
	9.01
	< 0.001
	69.127
	107.891

	Sex
	− 3.537
	− 0.87
	0.281
	− 0.343
	2.919

	Age
	− 0.104
	− 0.87
	0.387
	− 3.582
	0.133

	Diagnosis
	− 1.682
	− 1.75
	0.082
	− 0.714
	0.218

	Duration
	− 0.374
	− 2.16
	0.032
	− 0.714
	− 0.032


B regression coefficient, T t-statics, Boldness suggests statistical significance



Discussion
In a 2016 survey conducted by the National Kidney Disease Council of Japan on primary diseases affecting dialysis patients [15], chronic glomerulonephritis, diabetic nephropathy, nephropathy, nephrosclerosis, cystic kidney, and pregnancy toxemia were reported in 36.0%, 32.5%, 10.2%, 4.9%, 4.9%, and 0.6% of subjects, respectively. Subjects of that study could be considered representative of the Japanese population.
When using EQ-5D-5L to compare the QOL of dialysis patients with that of healthy Japanese subjects, a survey by Shiroiwa et al. [16] reported scores of 0.939, 0.899, and 0.841 in the age groups of ~ 59 years, 60–69 years, and 70 years or older, respectively, with differences of 0.134 and 0.151 in the age groups of ~ 59 and 60–69 years, respectively. The difference was smaller in the 70 years and older age group (0.062). From this comparison, it can be inferred that the disease burden of dialysis is higher in younger people.
A study that used the Kidney Disease QOL Instrument (KDQOL) to compare the disease burdens of dialysis patients in Japan, Europe, and the United States [17] found that Japanese dialysis patients reported the highest physical function but also had the highest disease burden. The parameters used to assess the burden of disease, as measured using the KDQOL, included whether the subject’s kidney disease interferes with their life, takes too much of their time, makes them feel frustrated, or makes them feel like a burden on their family. This is noteworthy, although KDQOL findings cannot simply be compared with QOL measured using the EQ-5D-5L because it asks about the burden on their families. This may be associated with a lower burden of disease according to the KDQOL, but we could not confirm the evidence for this in Japan.
When compared with foreign reports that used the EQ-5D-5L, a higher percentage of respondents reported the most problems with the pain/discomfort dimension, which was similar to the results of our study [18, 19]. This suggests that in dialysis patients, pain/discomfort, which is the most subjective dimension related to dialysis, may still be a significant problem. In a survey of symptoms experienced by dialysis patients, Abdel-Kader et al. [20] reported that tiredness or lack of energy, worry, dry skin, itchiness, trouble staying asleep, trouble falling asleep, sadness, irritability, difficulty with sexual arousal, bone or joint pain, muscle cramps, anxiousness, etc., were high in dialysis patients. Claxton et al. [21] reported that symptoms such as bone/joint pain, sleeplessness, worry, sadness, nausea, anxiety, and nervousness were frequently observed. These common symptoms were considered to be expressed in the pain/discomfort dimension of the EQ-5D-5L. Although this study showed a decrease in the mobility dimension, many studies [22–27] showed a relationship between muscle weakness and exercise capacity in hemodialysis patients, and it was considered a QOL characteristic. In addition, the negative impact was more profound in the usual activity dimension than in the self-care dimension, hinting at the current situation in which hemodialysis patients have difficulty participating in society.
According to a study by Li et al. [17], which used the EQ-5D-5L to examine the QOL of patients before kidney transplantation, the mean utility value score was 0.773, which was close to our study results and those of similar foreign reports, although there were differences in the scoring algorithms used to calculate these results. In studies by Shimizu et al. [13] and Takura et al. [11], the mean scores were 0.738 and 0.76–0.71, respectively, indicating that patients with kidney disease could maintain their QOL on dialysis. Moreover, this well-maintained QOL remained unaffected by diagnosis and age. Although QOL decreased with an increase in the duration of hemodialysis, the overall impact was small. These results suggest that although the preference-based QOL of hemodialysis patients is affected by the duration of dialysis, the effect is not significant, and it is likely to be maintained with less influence from other factors. However, it remains unclear why the QOL is affected, although slightly, by the duration of hemodialysis, and this is a subject of future research.
This study has three major implications. The first was to clarify the effect to dimension of QOL in hemodialysis patients. In addition to the previously reported dimension of mobility and pain, we found that usual activity was also affected. Second, we could collect sufficient data with the EQ-5D-5L for health economic evaluation. Cost-effectiveness analysis assesses an outcome called Quality-Adjusted Life Year (QALY), and the QALY possibly represents health-related QOL, i.e., utility values measured on a preference-based measure. In Japan, this scale is limited to the EQ-5D-5L. Therefore, the results of this study can be used for future cost-effectiveness analysis. Third, we clarified the factors that affect the health-related QOL of hemodialysis patients. The results of multiple regression analysis showed that only the duration of hemodialysis was a significant variable, and its effect was not large, suggesting that it is influenced by a combination of factors such as age and disease. Looking from a different perspective, we found that hemodialysis may positively influence the gain in QALY, which is a product of utility value and survival time, as it is the flip side of the long-term maintenance of health-related QOL. In other words, the utility value for hemodialysis patients is independent of disease and age and is maintained over the long term. This suggests that a large QALY gain can be expected in such cases and that efficiency in cost-effectiveness may be appealing.
This study had limitations. As this study was conducted at a single institution, whether the findings are representative of all dialysis patients in Japan is questionable. This was refuted by the fact that the disease rates in the previous national survey were similar. In addition, the dialysis patients’ symptoms, comorbidity and other demographic factors (income, job, marital status, et al.) were not included as survey items; thus, the relationships between the factors and QOL could not be clarified. Since there seems to be a causal relationship between symptoms experienced by dialysis patients and QOL assessed using the EQ-5D-5L, future studies should be used to clarify this relationship. In future, we plan to perform studies with higher numbers of cases and analyze changes in QOL over time.
Conclusion
We investigated the QOL of Japanese hemodialysis patients and the impact of hemodialysis on their EQ-5D-5L scores. We found that prolonged hemodialysis decreased QOL. The measured QOL scores were comparable to those of previous studies conducted overseas. The results of our study will be useful for evaluating the cost-effectiveness of dialysis treatment in the future.
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