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Patients who have progressed to end—stage kidney disease (ESKD) are forced to undergo
dialysis treatment for life support. Dialysis treatment impacts patients’ quality of life
(QOL) and physical and psychological states. Therefore, therapeutic approaches for
ESKD must also consider their impact on hemodialysis patients’ QOL.

This thesis addresses several issues related to the complications experienced by
hemodialysis patients. Hemodialysis patients have a multifaceted condition involving
both physical and psychological components and substantially impacting QOL. One of
the most serious complications observed in hemodialysis patients is autonomic nervous
dysfunction. Autonomic dysfunction is one of the leading causes of psychologically
unstable states such as depression. Therefore, better understanding the autonomic
nervous activity and psychological states specific to hemodialysis patients is considered
a key to improving dialysis therapy. However, knowledge about the relationship between
autonomic nervous function and psychological problems in hemodialysis patients is
limited.

As described in chapter II, the first goal of this research was to investigate the
relationship between changes in autonomic nervous activity and physical and mental
health. A hemodialysis patient is in an environment where a psychological symptom can
easily arise from a physical problem due to hemodialysis complications. The
psychological stress load of hemodialysis not only results from extracorporeal circulation
but also endogenous factors. The author studied the relationship between autonomic
function and anxiety state in healthy adults, diabetic nephropathy patients, and patients
with non—diabetic nephropathy. Furthermore, photoplethysmograms recorded before

and after starting hemodialysis were compared to examine whether extra—corporeal



circulation influences autonomic nervous system function. Investigating the relationship
between autonomic nervous response and psychological characteristics according to
patients’ underlying kidney diseases would be useful to reducing the inherent risks of
hemodialysis. The results of applying detrended fluctuation analysis for the
peak—to—peak intervals of photoplethysmography data suggested that the autonomic
nervous function in patients with diabetic nephropathy does not react robustly to
external factors, in part because of decreasing sympathetic activity and increasing
parasympathetic activity. Dialysis patients with diabetic nephropathy were more likely
to experience depression, and their autonomic nervous system functions were affected
more severely by hemodialysis than those with non—diabetic nephropathy.

Chapter III discusses the most suitable ultrafiltration rate (UFR) based on changes
in autonomic nervous activity. Clinical studies have shown that excessive UFR in
patients receiving regular thrice—weekly hemodialysis treatment is independently
associated with an increased long—term risk of death. However, the appropriate UFR has
not yet been established. Moreover, decreased heart rate variability (HRV) has been
considered a risk factor for mortality in hemodialysis patients. However, there have been
few reports about the most suitable UFR based on changes in autonomic nervous activity
in patients without blood pressure variation. Therefore, this study assessed the most
suitable UFR range from the viewpoint of autonomic nervous system function using
power spectral analysis of R—R interval dynamics in patients without blood pressure
variation. The results of this study have the potential to lower the risks of cardiovascular
disease or sudden cardiac death during hemodialysis. Variations in autonomic nervous
activity over time due to differences in UFR were evaluated by measuring HRV and
approximate entropy in patients without blood pressure variation during hemodialysis
sessions. Measures such as HRV and approximate entropy are important indicators of
autonomic nervous activity that have been associated with establishing a suitable UFR.
This study demonstrated that high UFR was associated with an increase in sympathetic
nervous overactivity and suggests that hemodialysis should be performed at a UFR <15
ml/h/kg.

In chapter IV, I focus on the gut—brain axis and constipation in hemodialysis patients.
Causes of constipation include lifestyle changes related to hemodialysis. Constipation in
hemodialysis patients may also be associated with psychological problems and may
significantly impact QOL. Hemodialysis treatment under conditions of strict dietary
restriction may involve diarrhea, constipation, or both, with one occurring after the other.
The prevention and control of constipation are also important because chronic

constipation may substantially impact the QOL of hemodialysis patients. However, few



studies have focused on the psychological changes of hemodialysis patients associated
with improvement of constipation symptoms. Chapter IV describes the effect of
improving constipation on changes in hemodialysis patients’ QOL. I investigated the
effect of enteric capsules containing Bifidobacterium on constipation and QOL in
hemodialysis patients using the Constipation Assessment Scale (CAS) to measure the
degree of constipation and the Patient Assessment of Constipation Quality of Life
Questionnaire (PAC—QOL) to measure the influence of constipation on QOL. These
results suggest that the intake of enteric capsules containing Bifidobacterium is useful
to improve the intestinal environment and QOL of hemodialysis patients, and to reduce
serum phosphorus values.

Finally, chapter V summarizes the results of these studies and provides general
conclusions. This body of research has been conducted in an attempt to explore the
changes in autonomic nervous activity associated with undergoing hemodialysis. The
resultant findings can be beneficial in terms of risk factor reduction in daily life among
patients receiving hemodialysis treatment. My studies indicate that the improvement of
sympathetic nervous activity and psychosocial stability may have the potential to
improve hemodialysis patients’ QOL. Thus, in particular, not only the primary disease
that led to hemodialysis, but also constipation could evoke a poor prognosis for
psychological symptoms. As autonomic dysfunction is the leading cause of
psychologically unstable states such as depression, better understanding the autonomic
nervous activity and psychological states specific to hemodialysis patients is considered
a key to improving dialysis therapy.

The information relevant to early prediction of prognosis such as hemodialysis
complications is still incompletely understood. However, the author believes that the
therapeutic approach to hemodialysis patients should consider not only a patient's
physical condition but also comprehensive factors including their stress level as well as
psychosomatic, psychological, and social aspects. At the time of writing this dissertation,
there i1s some evidence suggests that poor QOL 1s associated with mortality in
hemodialysis patients. Thus, further research is necessary to assess not only the dialysis
technique, but also psychological aspects of care. Improving mental health may reduce
mortality and ameliorate physical function in hemodialysis patients. Therefore, the
author recognizes that the ongoing refinement of hemodialysis treatment to maintain
patients’ psychological and physical condition suitably for their environment is essential.
In the near future, the author is planning an investigation of a psychological and physical

condition guidance system by measuring the change in HRV in a clinical setting.
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