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Summary

Hypertension, dyslipidemia, and hyperuricemia cause endothelial vascular
damage, which leads to the development of atherosclerosis, were known to be
involved in the pathogenesis of renal and cerebrovascular diseases in patients
with type 2 diabetes mellitus (T2DM), and these vascular complications are
significant factors that worsen the prognosis. Appropriate treatment of diabetes,
including dietary therapy, has been reported to effectively prevent the onset and
progression of vascular complications. Dietary therapy is the basic treatment for
all patients with DM and is also emphasized for the prevention and management of
arteriosclerosis and chronic kidney disease (CKD). However, evidence regarding
dietary and nutritional factors useful in preventing the development of vascular
complications is still insufficient. Furthermore, self-—care behaviors, for example,
diet and exercise, are associated with depression and stress, and thus require
the support of skilled dietitians to manage patients with complications. In
patients with kidney disease, for whom diet is the cornerstone of treatment, the
use of special therapeutic foods, such as protein—controlled foods and starch
products, may be useful in maintaining good nutritional status; however, the
awareness of dietitians responsible for nutritional management regarding these
foods remains unclear. Therefore, this study aimed to accumulate new evidence

from the viewpoint of nutritional management for patients with T2DM.

Chapter 1. Identifying dietary factors associated with the prevention of the
development of vascular complications: A study of patients with impaired glucose
tolerance and type 2 diabetes mellitus (Study 1 and 2)

In Chapter 1, to identify dietary factors that may be involved in the
prevention of the progression of diabetic vascular complications, the nutritional
and dietary intake status of patients with T2DM with microalbuminuria, a classic
risk factor for cardiovascular disease, were examined in study 1, the effects of
barley rice on glucose and lipid metabolisms were investigated using dietary
tolerance tests in study 2. As a result, study 1 suggested that T2DM patients
with microalbuminuria consumed a significantly lower number of fruits than the
normal albuminuria group, but without significant difference in energy and
nutrient intakes. Previous studies have associated the intake of fruits with
microalbuminuria, suggesting the role of dietary fibers and antioxidant components
of fruits, and future studies should investigate whether dietary patterns
consisting of foods containing various antioxidant components may contribute to
albuminuria. Furthermore, intervention studies should be conducted to assess
whether dietary patterns consisting of foods with various antioxidant components
contribute to the reduction of albuminuria in patients with T2DM. And study 2

showed that barley rice inhibited the increase in postprandial blood glucose



levels in patients with impaired glucose tolerance and T2DM, whereas no effects
were observed on serum lipids in a single—meal tolerance test. The mechanism of
this effect suggested that dietary fiber such as f —glucan contained in barley
inhibits the diffusion of glucose and other sugars in the upper gastrointestinal

tract and delays their absorption in the small intestinal.

Chapter 2: Identifying nutritional factors associated with the prevention of the
occurrence of vascular complications in patients with type 2 diabetes mellitus
and the influence of pharmacotherapy (Study 3 and 4)

In Chapter 2, we focused on homocysteine, one of the risk factors for
cardiovascular complications, and nutritional factors related to homocysteine
metabolism, and conducted a cross—sectional study in patients with T2DM, including
diabetic kidney disease (DKD). Hence, Study 3 aimed to determine their association
with the background characteristics of patients, and Study 4 aimed to determine
the effects of metformin, one of the drugs for diabetes treatment. The results of
Study 3 showed that the serum homocysteine concentration in patients with T2DM
including DKD showed a significant negative correlation not only with eGFR but
also with serum vitamin B12, folate, and zinc concentrations, and a significant
positive correlation with UA and urinary albumin excretion. Moreover, folic acid,
vitamin Bl12, and zinc were also identified as significant predictors of serum
homocysteine concentration after adjusting for renal function; however, neither
folic acid nor zinc was associated with serum homocysteine concentration in women,
suggesting the relevance of sex differences. Next, in Study 4, we examined the
effects of metformin on serum vitamin B12 and zinc concentrations in patients
with T2DM including DKD. The results showed that serum zinc concentrations were
significantly higher in the group administered with metformin than in the group
without metformin; however, metformin did not affect the relationship between
serum homocysteine and vitamin Bl2 concentrations in this study. When patients
were divided into non—CKD and CKD groups, the metformin dose was independently
associated with serum zinc concentration in the non—CKD group, whereas no such
association was found in the CKD group. These findings suggest that metformin
administration positively affects kidney and serum zinc concentrations in patients

with normal renal function.

Chapter 3: The actuality of nutritional and dietary guidance for patients with
chronic renal disease: The status of guidance of protein—controlled foods and
starch products and recognition of dietitians (Study 5)

We conducted a questionnaire—based survey of dietitians affiliated with
hospitals as training facilities for nephrologists of the Japanese Society of

Nephrology to clarify the status of nutritional dietary guidance for patients

8



with renal disease in terms of protein—adjusted foods or starch products and
dietitians’ perceptions. CKD was found as the most common renal disease in
nutritional dietary guidance, the number of individual guidance sessions greatly
varied from facility to facility, and the group guidance was conducted at
approximately 20% As for the advantages of using protein-adjusted foods and
starch products in the kidney disease diet, >70% of the respondents reported that

“protein restriction is easy” for rice and bread,”  “the use of these products
can ensure high—quality protein elsewhere,” and “easy to use” for rice.
Furthermore, common advantageous factors of protein—adjusted foods and starch
products included “convenience,”  “applicability,” and “ease of phosphorus
and potassium restriction.” The results of this survey showed that the main
advantages of therapeutic specialty foods recognized by dietitians were
commonality among food groups and were related to their applicability to improve
the quality of life (QOL). Moreover, the results of this study could be applied
to nutritional dietary guidance to improve the overall skills of renal disease
nutrition and dietetic guidance.

The present study showed that dietary and nutritional factors that may
be wuseful in preventing or reducing the progression of diabetic vascular
complications in patients with T2DM include unrefined cereals (barley), fruits,
B vitamins, and zinc and that nutritional factors are influenced by the renal
function, gender, and drug therapy. Thus, nutritional management should reflect
the assessment results of the individual patient’ s disease status and
pharmacotherapy. Moreover, nutritional management of patients with kidney disease
should consider not only nutritional benefits but also improving the patients’
QOL. Therefore, nutritional management should be planned and implemented from a

multifaceted perspective.
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