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Purpose: Lifestyle is one of the important factors affecting health. There are few studies that comprehensively analyze the impact of
a combination of lifestyle factors on mortality in patients undergoing maintenance hemodialysis. So, to measure the association
between lifestyle factors and mortality for patients undergoing maintenance hemodialysis.

Patients and Methods: A prospective, observational study design was employed. Through convenience sampling, the patients who
are over 18 years old and have undergone dialysis for at least 3 months, from the hemodialysis center outpatient in two hospitals of
Xi’an were selected. The questionnaires of this study include sociodemographic characteristics and lifestyle-related scales, such as
nutrition, sleep and self-management scales. The differences between the deceased group and the surviving group were analyzed using
the #-test or Mann—Whitney tests and chi-square tests. Logistic regression analysis was applied to identify the association between
lifestyle factors and mortality.

Results: In this study, 286 patients who completed the questionnaire were screened. During the follow-up of this 3 years, patients who
transferred to another hospital (n=31), kidney transplantation (n=6) and termination of dialysis (n=13) were excluded. Finally, 236
participants were tracked to the final outcome. Of these 236 patients, 66.95% were men. The proportion of patients under 60 years old
is slightly higher than that of patients over 60 years old. More than half (64.83%) of the patients have a lower education level. And the
main primary disease of ESRD was diabetic nephropathy (39.83%). Through a 3-year follow-up study, 73 patients died, accounting for
30.93%. The results showed that compared with surviving patients, deceased patients had significantly lower scores of self-
management (Z=—2.09, P=0.036) and higher scores of malnutrition-inflammation score (Z=—2.31, P=0.021). Moreover, deceased
patients had a significantly higher proportion of poor sleepers (x*=4.38, P=0.036) and No exercise (x>=5.16, P=0.023). However, there
were no statistically significant differences in BMI, smoking history and drinking history between the two groups. In logistic analyses,
age (1°=19.63, P<0.001, OR=0.26, 95% CI=0.14~0.47) and self-management score (x’=3.82, P=0.051, OR=1.03, 95% CI=1.00~1.06)
were major factors related to mortality.

Conclusion: Self-management and age are closely related to the mortality rate of patients. And our study showed that the relationship
between self-management and mortality is strongest, so doctors and nurses at dialysis centers should pay more attention to and actively
improve self-management level of patients undergoing maintenance hemodialysis.

Keywords: renal dialysis, life style, self-management, mortality

Introduction

End-stage renal disease (ESRD) is a rapidly increasing global health and health-care burden. According to the data of
the survey conducted by the International Society of Nephrology (ISN) in 2019 among 79 countries, on average, there
are 144 newly diagnosed patients with ESRD per million general population.' Hemodialysis is an important treatment
method for prolonging the lifespan of patients with ESRD.** For example, in the United States, nearly 90% of ESRD
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patients receive hemodialysis treatment based on dialysis centers.” In China, the data from the Chinese National Renal
Data System (CNRDS) revealed that the number of patients undergoing MHD in China increased from 0.235 million
in 2011 to 0.447 million in 2016 (90.2% within 5 years), and the prevalence increased from 174 cases per million in
2011 to 298 per million in 2016 (71.3% within 5 years).* Although there have been considerable improvements in the
overall survival rate, the prognosis of patients on dialysis remains very poor, the mortality rates were 166 for
hemodialysis patients per 1,000 patient-yeasignificantly higher than that of the general population, especially for
patients over 65 years old and those who have been on dialysis for a long time.’

According to the definition of Medical Subject Headings (MeSH), lifestyle is a typical way of life or manner of living
characteristic of an individual or group. Lifestyle is one of the important factors affecting health. Healthy lifestyle is
a pattern of behavior involving life style choices that ensure optimum health. Examples include eating right, maintaining
physical, emotional, and spiritual wellness, and taking preemptive steps against communicable diseases. Healthy lifestyle
can promote health. On the contrary, unhealthy lifestyle can lead to the occurrence of lifestyle-related diseases, such as
hypertension, diabetes, and dyslipidemia, which can lead to the occurrence of chronic kidney diseases such as
hypertensive nephropathy and diabetic nephropathy, and thus further increase the number of patients on maintenance
hemodialysis (MHD).® The American Heart Association (AHA) has a number of lifestyle recommendations including
avoiding smoking, engaging in regular physical activity, keeping an appropriate body mass index (BMI), adhering to
a healthy diet (rich in fruits, vegetables, and fish and low in salt and sugar), and maintaining blood pressure (BP),
cholesterol, and glucose within recommended targets.’

There are studies investigating lifestyle and survival in patients with maintenance hemodialysis (MHD) and chronic
kidney disease (CKD). Healthy lifestyle can reduce the risk of all-cause mortality and symptoms and psychiatric disease
burden in patients with mild to moderate CKD.® Similar research findings adherence to a healthy lifestyle (non-smoking,
regular physical activity, appropriate BMI, and healthy diet) can reduce the risk of death in patients with CKD stages 1-4
by 20% to 70%.° A 4-year prospective study on maintenance hemodialysis patients found that a healthy lifestyle can
reduce all-cause mortality and cardiovascular mortality by 35% and 36%, respectively.'® Therefore, in long-term dialysis
treatment, maintaining a healthy lifestyle is an important task for both patients and healthcare workers, which is an
important measure to improve patient prognosis.'’

At present, most studies on the relationship between lifestyle and prognosis of patients on MHD, only choose a single
factor, such as nutrition or physical exercise, with mortality. There are few studies that comprehensively analyze the
impact of a combination of lifestyle factors on mortality in patients undergoing MHD. According to the lifestyle
recommendations of AHA, our study conducted a 3-year follow-up study to comprehensively evaluate the relationship
between multiple lifestyle factors and all-cause mortality in patients undergoing MHD: nutrition, physical activity, self-
management, BMI, sleep, smoking history and drinking history, in order to provide a theoretical basis for improving the
prognosis of these patients.

Materials and Methods
Design

Through a 3-year follow-up investigation, we aimed to determine the effects of lifestyle on all-cause mortality in patients
undergoing maintenance hemodialysis. We investigated the lifestyle status by investigating nutrition, physical activity,
self-management, BMI, sleep, smoking history and drinking history.

This prospective, observational study enrolled participants in maintenance hemodialysis center outpatients in two
hospitals. The baseline study is from April to May 2021. The primary outcome was all-cause mortality. The last follow-
up visit time was April 30, 2024.

Study Setting and Sampling
This study used a convenience sampling method.

According to the empirical method, the sample size is 10 to 15 times the number of covariates.'" This study involves
18 covariates. After calculation, the required sample size for this study is between 180 ~ 270.
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Inclusion and Exclusion Criteria

The inclusion criteria include the following : (1) MHD duration exceeds 3 months; (2) over 18 years old. The exclusion
criteria include the following : (1) any acute medical or surgical condition requiring hospitalization; (2) patients with
dementia or any psychotic disorder.

Instrument
The research data were collected through survey questionnaires. The questionnaires include sociodemographic char-
acteristics and lifestyle-related scales, such as nutrition, sleep and self-management scales.

Sociodemographic and Clinical Characteristics

Sociodemographic characteristics included age, gender, marriage, primary renal diagnosis, smoking history, drinking
history, and so on. Blood pressure (BP) was measured before dialysis. Laboratory data for calcium (Ca) and phosphate
(P) were collected upon patients’ entry into this study.

Evaluation of Sleep Quality

Patients’ sleep quality was assessed using the Pittsburgh Sleep Quality Index (PSQI) questionnaire. This scale consists of
19 questions, including 7 dimensions: subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency,
sleep disturbances, sleep medication use, and daytime dysfunction. Respondents were required to recall their sleep status
for the past one month and choose corresponding options based on the actual situation. The total score of the scale is
between 0 and 21 points, with a higher score indicating poorer sleep quality. If the PSQI score >5, it indicates poorer
sleep quality, and if the score is <5, indicating good sleep quality.'*

Evaluation of Nutrition

Patients’ nutrition was assessed using the Malnutrition-Inflammation Score (MIS). MIS consists of four main parts,
including medical history, physical examination, BMI and patient’s laboratory examination. The medical history includes
weight changes, dietary intake, gastrointestinal symptoms, functional capacity, dialysis time and complications. Physical
examination includes the reduction of subcutaneous fat and signs of muscle consumption. Laboratory parameters include
serum albumin and total iron-binding capacity (or transferrin). These 10 items all have 4 evaluation indicators ranging
from 0 (normal) to 3 (severely abnormal). The higher the MIS total score, the more severe the malnutrition.'?

In the investigation content, dietary intake, gastrointestinal symptoms, and functional capacity are filled in based on
the patient’s symptoms, weight changes are filled in based on weight measurement results, serum albumin and total iron-
binding capacity (or transferrin) are filled in based on the patient’s recent laboratory examination results in the past 3—6
months, and subcutaneous fat reduction is judged based on the thickness of the triceps brachii skin fold (TSF) measured
by the skin fold thickness meter.'* Mid upper arm circumference (MAC) can better reflect the consumption of fat-free
muscles.'* The MAC was calculated by measuring the length of a circle of the part between the acromion of the scapula
and the olecranon of the ulna with a non-elastic soft tape.'*

Evaluation of Self-Management

The Hemodialysis Self-Management Instrument (HDSMI) is used to evaluate patients’ self-management level, which
includes four dimensions: problem solving, emotional management, self-care, and partnership. This scale has a total of 20
items, with each item’s options ranging from 1 point (never) to 4 points (always). The total score range is 20-80, and the
higher the total score, the higher the patient’s self-management level. The internal consistency reliability of the scale is 0.81.'

Data Collection
Data were collected through face-to-face interviews, measurements of body indicators and electronic medical records.

Statistical Analyses
Statistical descriptions of continuous data were expressed as the mean + standard deviation (SD), while categorical data
is expressed as a percentage. Continuous variables were compared using ¢ tests or Mann—Whitney tests as appropriate.
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Categorical variables were compared using the y? test. The meaningful variables from the above single factor analysis are
included in the logistic regression. Logistic regression corrected for confounding factors to better identify lifestyle factors
that relate to mortality. In logistic regression, the step probability entering is 0.05, excluding is 0.10. The results are
presented with Odds Ratio (OR) and 95% confidence intervals (CI).

Ethical Consideration
In our study, human participants were investigated. All procedures involving human investigators met ethical require-
ments and the 1964 helsinki Declaration as well as relevant ethical standards.

All information was obtained based on the patient’s informed consent. The respondents voluntarily participated in this
study. All the identifying details of the participants that were studied should not be published in publication. The study
was approved by the Medical Ethics Review Committee of Xi’an Medical University (XYLS2024220).

Results
Participants

In this study, 286 patients who completed the questionnaire were screened at the baseline survey.

Outcome Data

During the follow-up of this 3 years, patients who transferred to another hospital (n=31), kidney transplantation (n=6)
and termination of dialysis (n=13) were excluded. Finally, 236 participants were tracked to the final outcome. Through
a 3-year follow-up study, 73 patients died, accounting for 30.93%.

Descriptive Data

We studied 236 MHD patients, of which 66.95% (n=158) were men. The proportion of patients under 60 years old is slightly
higher than that of patients over 60 years old. More than half (64.83%) of the patients have a lower education level. And the
main primary disease of ESRD was diabetic nephropathy (n=94, 39.83%). Other causes were hypertensive nephropathy
(n=54, 22.88%), glomerulonephritis (n=47, 19.92%), and other kidney diseases (n=41, 17.37%). More than half (69.07%)
of the patients had autologous arteriovenous fistula as their vascular access. The characteristics are shown in Table 1.

Table | Comparison of General Information Between of the Two Groups

Characteristic Total Deceased Patients | Surviving Patients Z/)(z P
(n=236) (n=73) (n=163)
Age, n (%) 21.28 | <0.001
22~60 124 (52.54) 22 (30.14) 102 (62.58)
61~90 112 (47.46) 51 (69.86) 61 (37.42)
Gender, n (%) 0.00 0.970
Male 158 (66.95) 49 (67.12) 109 (66.87)
Female 78 (33.05) 24 (32.88) 54 (33.13)
Education, n (%) 3.87 0.049
High school and below 153 (64.83) 54 (73.97) 99 (60.74)
College and above 83 (35.17) 19 (26.03) 64 (39.26)
Marriage, n (%) 1.67 0.197
Married 154 (65.25) 52 (71.23) 102 (62.58)
Other (single, divorce, widowed) 82 (34.75) 21 (28.77) 61 (37.42)
Employment, n (%) 12.13 | 0.002
Working 40 (16.95) 8 (10.96) 32 (19.63)
Retired 82 (34.75) 37 (50.68) 45 (27.61)
Other (unemployed, students) 114 (48.30) 28 (38.36) 86 (52.76)
(Continued)
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Table | (Continued).

Characteristic Total Deceased Patients | Surviving Patients Z/}( 2 P
(n=236) (n=73) (n=163)
Primary renal diagnosis, n (%) 16.52 | 0.001
Glomerulonephritis 47 (19.92) 7 (9.59) 40 (24.54)
Diabetic nephropathy 94 (39.83) 42(57.53) 52 (31.90)
Hypertensive nephropathy 54 (22.88) 16 (21.92) 38 (23.31)
Other' 41 (17.37) 8 (10.96) 33 (20.25)
SBP (mmHg), (M1SD) 150.89+18.38 154.36+15.36 149.33£19.42 —1.90 | 0.058
DBP (mmHg), (M1SD) 88.43+54.44 96.59+95.53 84.77+14.13 -1.73 | 0.084
Ca (mmol/L), (M£SD) 1.97+0.46 1.96+0.45 1.98+0.47 —0.45 | 0.653
P (mmol/L), (M1SD) 1.83+0.59 1.74+0.58 1.87+0.59 —-1.89 | 0.060
Vascular access, n (%) 3.83 0.050
Autologous arteriovenous fistula 163 (69.07) 44 (60.27) 119 (73.01)
Deep vein catheterization 73 (30.93) 29 (39.73) 44 (26.99)

Notes: Remarks: '

IgA nephropathy, stenosis of renal artery, renal tuberculosis, gouty nephropathy.
Abbreviations: SBP, systolic blood pressure; DBP, diastolic blood pressure; Ca: Serum Calcium; P, serum phosphorus.

obstructive nephropathy, polycystic kidney, lupus nephritis, nephritic syndrome, infective endocarditis, interstitial nephritis,

Main results

Comparison of Basic General Characteristics Between of the Two Groups

In the general information, there were no significant differences in gender, marriage, blood pressure, calcium (Ca) and
phosphate (P) between the two groups. Compared with surviving patients, deceased patients were significantly older
(x2=21.28, P<0.001), lower education level (X2=3.87, P=0.049), and more retired (X2=12.13, P=0.002). Diabetes
nephropathy accounted for a higher proportion of primary renal diagnosis in deceased patients (y*=16.52, P=0.001).
There is a higher proportion of deep vein catheterization patients in the deceased group (x*=3.83, P=0.05) (Table 1).

Comparison of Basic Lifestyle Differences Between of the Two Groups
The median MIS, BMI and self-management score were (8.38+2.79), (21.87+3.59) and (55.16£11.18), respectively.

In lifestyle differences, there were no significant differences in BMI, smoking history and drinking history between
the two groups. Compared with surviving patients, deceased patients had significantly lower score of self-management
(Z=-2.09, P=0.036) and higher scores of MIS (Z=—2.31, P=0.021). Moreover, deceased patients had a significantly
higher proportion of poor sleepers (x’=4.38, P=0.036) and No exercise (x*=5.16, P=0.023) (Table 2).

Table 2 Comparison of Lifestyle Differences Between of the Two Groups

Characteristic Total Deceased Patients | Surviving Patients Z/)(z P
(n=236) (n=73) (n=163)
MIS, (MiSD) 8.38+2.79 9.00+2.83 8.11£2.73 -2.31 | 0.021
BMI, (MiSD) 21.87£3.59 21.93+£3.33 21.85£3.71 —0.25 | 0.806
HDSMI score, (MtSD) 55.16x11.18 52.88+11.27 56.18+11.02 —2.09 | 0.036
PSQI, n (%) 438 | 0.036
Good sleepers (PSQI < 5) 56 (23.73) Il (15.07) 45 (27.61)
Poor sleepers (PSQI > 5) 180 (76.27) 62 (84.93) 118 (72.39)
Exercise status, n (%) 5.16 0.023
Exercise 145 (61.44) 37 (50.68%) 108(66.26%)
No exercise 91 (38.56) 36 (49.32%) 55(33.74%)
(Continued)
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Table 2 (Continued).

Characteristic Total Deceased Patients | Surviving Patients Z/)(2 P
(n=236) (n=73) (n=163)

Smoking history, n (%) 0.10 | 0.748
Yes 68 (28.81) 20 (27.40) 48 (29.45%)
No 168 (71.19) 53 (72.60) 1 15(70.55%)

Drinking history, n (%) 0.45 | 0.501
Yes 38 (16.10) 10 (13.70) 28 (17.18)
No 198 (83.90) 63 (86.30) 135 (82.82)

Abbreviations: MIS, Malnutrition-Inflammation Score; BMI, Body Mass Index; HDSMI, Hemodialysis Self-Management Instrument;
PSQI: Pittsburgh Sleep Quality Index.

Table 3 Multiple Factors Logistic Regression on Mortality

B SE | Wald * P OR | 95% ClI

Age —-1.35 | 0.31 19.63 <0.001 | 0.26 | 0.14~0.47
HDSMI score | 0.03 | 0.0l 3.82 0.051 1.03 | 1.00~1.06
Constant 143 | 0.89 261 0.107 | 4.18

Abbreviations: HDSMI, Hemodialysis Self-Management Instrument; B, regression
coefficients; SE, Standard Error; OR, Odds Ratio; Cl, Confidence Intervals.

Multiple Factors Logistic Regression

Wald logistic regression was used, with deceased or surviving patients grouping as dependent variable y and meaningful
variables of univariate analysis as independent variable x. Significant variables in univariate analysis include age,
education, employment, primary renal diagnosis, vascular access, MIS, self-management score, PSQI and exercise
status. These variables enter the multivariate logistic regression analysis as X. Among them, according to the results
in Table 2, lifestyle factors include MIS, self-management score, PSQI and exercise status. In multivariate logistic
analyses, age (x2:19.63, P<0.001, OR=0.26, 95% CI=0.14~0.47) and self-management score (X2:3.82, P=0.051,
OR=1.03, 95% CI=1.00~1.06) were major factors related to mortality (Table 3). After multiple logistic regression
analysis, only the self-management score remained among the lifestyle factors. Therefore, self-management level is an
important factor related to mortality in MHD patients.

Discussion

Patient-oriented self-management is the cornerstone of chronic disease management, and optimizing self-management is
the foundation for controlling disease risks and improving disease management. Strengthening self-management is to
better optimize patient behavior, rather than simply providing health education to patients.'® Self-management requires
patients to be better responsible for their own illness, rather than passively receiving education.'” Patients are no longer
passive recipients of education; they are active determiners of their health.

Our study showed that though logistic regression, age and HDSMI score were major factors related to mortality. Self-
management behaviors in chronic diseases are the patient’s proactive engagement in healthcare activities to learn to solve
problems, control their disease, and adjust their way of living to coexist with their chronic disease in everyday life; effective
self-management includes the ability to monitor the individual’s own condition and emotions to maintain a satisfying
quality of life and reduce medical costs.'® For patients with CKD, self-management intervention can reduce the modifiable
risk of kidney disease progression (such as proteinuria, blood pressure, blood glucose, and exercise ability), thereby

improving the prognosis of patients with CKD, avoiding progression to ESRD, and thus increasing survival rates.'’
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Since ESRD is irreversible and patients need lifelong dialysis therapy, their self-management behaviors play a critical
role in determining their quality of life and outcomes. Our study proved that self-management is a very important factor
affecting the prognosis of dialysis patients. Dialysis patients must manage themselves well, such as fluid intake, diet,
medication, scheduling dialysis, balancing life and health needs. Good health education and a correct understanding of
dialysis treatment can improve patients’ treatment compliance, the self-management level of patients can also be
improved accordingly, patients can become an active participant in their treatment plans to suit the patient’s metabolic
needs and personal lifestyle preferences to improve their treatment effectiveness and quality of life, and ultimately
improving their prognosis.*’

The quality of health and survival depends on how hemodialysis patients manage their chronic illness, dialysis, and
everyday lifestyle throughout their lives.?! Actively conducting home-based self-observation and disease self-
management has become a key measure to improve the quality of life and prognosis of dialysis patients.”® Each patient
is the primary manager of their own disease and treatment, and must apply the nursing knowledge learned from medical
staff to active self-management, including regular blood glucose and blood pressure measuring, etc.”

The goal of self-management is to help patients identify strategies for disease management, including goal setting,
problem-solving, symptom management, and shared decision-making, in order to enable patients to live a positive and
effective life.”> Possible measures include better preparing patients for dialysis through pre-dialysis educational
programs,>* pro-actively anticipating and managing common problems faced by dialysis starters.?

In lifestyle differences, there were significant differences in MIS, self-management score, PSQI and exercise status
between two groups. However, in logistic regression, only self-management is the major factor related to mortality. The
possible reason is that compared to indicators such as nutrition, exercise, and sleep, self-management is a more
comprehensive indicator that requires patients to be able to comprehensively control diseases, adjust their lifestyle,
and better coexist with chronic diseases. Therefore, the implication of this study is to advocate more comprehensive self -
management of patients from aspects such as diet, exercise, and sleep, thereby comprehensively improving lifestyle to
better improve patients’ prognoses.

Additionally, our study once again confirmed the poor prognosis and high mortality rate of elderly dialysis patients.
Due to aging ESRD populations, the increased risk of geriatric disease, progressive decline of physiological function and
poor tolerance of related symptoms and psychiatric disease burden, older patients often have a poor prognosis.”® The
Dialysis Outcomes and Practice Patterns Study (DOPPS) suggested that mortality of patients aged 65 and above is higher
than that of the general dialysis population, with approximately 40 deaths per 100 people-years.>” Therefore, we still
need to focus on the prognosis of elderly dialysis patients.

The strengths of our study include a prospective design to determine the causal effects of lifestyle on outcomes in
patients undergoing MHD. The prospective design prevents recall bias with respect to the outcomes. Second, we
comprehensively analyzed the impact of multiple lifestyle factors on the outcome, and identified the most influential
factors. In addition, there are few studies analyzing the impact of self-management on all-cause mortality in patients. In
future research, we can conduct the study of self-management interventions to help hemodialysis patients better clarify
their goals, improve their own skills and techniques, and enhance self-management of their chronic conditions.

This study had some limitations as well. First, due to the time limit of this fund project, we only tracked the survival
time of 3 years, and we will continue to track the prognosis of these dialysis patients in the future. Second, this study
enrolled only hemodialysis patients, and the results cannot easily be generalized to peritoneal dialysis patients.

Conclusion

Our study indicates that the relationship between self-management and mortality is strongest, so doctors and nurses at
dialysis centers should pay more attention to and actively improve self-management level of patients undergoing MHD.
In addition, considering the differences in other lifestyle factors between deceased and surviving patients, doctors and
nurses still need to pay attention to the patient’s nutrition, exercise, sleep and other aspects to better improve the
prognosis of patients undergoing maintenance hemodialysis.
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