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Chronic kidney disease (CKD) has still been a worldwide public health problem including
Thailand. Oxidative stress is considered as an important pathogenic mechanism in CKD. Evaluating the
status of micronutrients that have antioxidant properties along with energy and proteins intake, is
extremely important to combat antioxidant deficiencies, minimize oxidative stress, and improve the
overall health status. This study aimed to measure and compare oxidative stress, antioxidant markers
and their relationships with dietary antioxidant food pattern. This study was a cross-sectional study and
was performed in outpatients Metabolic clinic. Thirty-three Thai pre-dialysis CKD outpatients and 13
healthy participants were recruited. All patients and controls completed a food frequency questionnaire.
Then, anthropometric  measurements, general  biochemical and antioxidant lab tests were
performed. Malonaldehyde (MDA), Total antioxidant status (TAS), Glutathione peroxidase (GPx),
Paraoxonase 1 (PON-1) and dietary antioxidant food pattern score were investigated. The results
showed that MDA significantly increased (p = 0.01), and PON-1 significantly decreased among CKD
patients and controls (p <0.05). There was a positive correlation between the rich-vitamin C vegetable
pattern with plasma GPx. Based on this study indicated that oxidative stress increase and antioxidant
enzyme activity decrease in Thai CKD outpatients. Therefore, the assessment of dietary antioxidants
was important, as deficiency of these nutrients might influence on the balance of the oxidative stress

and antioxidants in CKD patients.
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CHAPTER 1

INTRODUCTION

1.1. Rationales

Chronic kidney disease (CKD) is defined as the presence of kidney damage,
confirmed by kidney biopsy or markers of damage; or decreased level of kidney
function as the presence of a glomerular filtration rate (GFR) less than 60
mL/min/1.73 m?; each for three months or more [1]. Over the last decades, CKD has
still been a worldwide public health problem, affecting approximately 13% of the
USA population [2]. Incidence is now as high as 200 cases per million per year in
many countries. It is nearing 400 cases per million in the USA, Taiwan, and some
regions in Mexico, and has risen fastest in older individuals. Thailand is also one of
countries that have rising incidence and prevalence of kidney failure with over 100
cases per million and 600 cases per million, respectively, every year [3]. Prevalence
seems to be increasing particularly in older people, and mostly because of a
developing prevalence of diabetes and hypertension [4, 5]. CKD patients have a high
risk of death caused by stroke or heart attack, and CKD may progress to renal failure
or end-stage renal disease (ESRD). Then renal replacement therapy, including
dialysis or transplantation, is essential, but this is along with loss of quality of life,
decreased individual life expectancy, and increased costs to health-care systems [6].

Oxidative stress is an imbalance between free radical productions and
reduced anti-oxidant defenses. Free radical productions usually increased through
dysfunctional mitochondria formed with rising age, type 2 diabetes mellitus, and
inflammation. Distresses in cellular oxidant control influence downstream cellular
signaling and, in the kidney, promote renal cell apoptosis and senescence, decreased
regenerative ability of cells, and fibrosis [6]. These factors have a spontaneous
harmful effect on kidney function. Therefore, oxidative stress considered as an
important pathogenic mechanism in CKD.

One of the markers for oxidative stress is serum malondialdehyde (MDA),
which is a marker of lipid peroxidation. It is the breakdown product of chain

reactions leading to oxidation of polyunsaturated fatty acids. MDA is raised in CKD,



inversely related to glomerular filtration rate (GFR), and positively correlated with
uremic toxins and severity of glomerulosclerosis [7-9].

In order to protect the cells and organ systems of the body against oxidative
stress, particularly reactive oxygen species (ROS), humans have developed a highly
sophisticated and complex antioxidant protective system included a variety of
components, both endogenous and exogenous. The important components of
antioxidant defense, which can be impaired in CKD patients, are antioxidant enzymes
such as catalase, glutathione peroxidase, superoxide dismutase, and paraoxonase.

Glutathione peroxidase (GPx) is an enzyme that is responsible for protecting
cells from damage due to free radicals, such as hydrogen and lipid peroxides in the
presence of reduced glutathione. Several types of GPx have been identified. Two of
them are cellular GPx (cGPx) found in blood cells and extracellular GPx (eGPx)
present in plasma. An impaired activity in the glutathione antioxidant system that
occurs early in the course of chronic uremia, progresses with the stages of CKD,
and is further aggravated by hemodialysis. [10].

Another component of enzymatic antioxidant defense, especially important
in the context of atherosclerosis development risk, is paraoxonase. The paraoxonase
family consists of three members, including PON-1, PON-2, and PON-3. All of them
share structural properties and enzymatic activities have the ability to hydrolyze
oxidized lipids in low-density lipoprotein (LDL). In which, PON-1 is a high-density
lipoprotein (HDL) - associated enzyme which catalyses the breakdown of
phospholipid and cholesteryl-ester lipid peroxides, and has been shown to reduce the
susceptibility of LDL to peroxidation. Mass and activity of PON-1 in the plasma
significantly influence the risk of developing cardiovascular disease. This likely
mediated by its antioxidant properties on LDL and/or macrophages. HDL associated
protein such as PON-1 prevents or attenuates oxidation of LDL and the oxidative
stress of macrophages by againsting foam cell formation via Reduction of cholesterol
and oxidized lipids influx, inhibition of macrophage cholesterol synthesis, and
stimulation of macrophage cholesterol efflux [11]. Because of the important role in
maintaining the prooxidant-antioxidant balance, the markers of antioxidant activities,

such as GPx and PON-1 in different stages of CKD still requires further analysis.



Many markers could describe antioxidant status and activities. However, the
validation of certain factors in renal failure is still unclear, especially the estimation of
total antioxidant capacity in simple tests such as total antioxidant status (TAS).
However, the relationship between antioxidant status and kidney function is intensely
influenced by confounding variables such as uric acid, which is poorly regulated in
renal failure [12].

In addition, malnourished predialysis patients have biochemical evidence of
more oxidative stress than well-nourished ones have [13]. Complex systems of
multiple types of antioxidants include antioxidants (such as glutathione, vitamin C,
and vitamin E) and enzymes (such as catalase, superoxide dismutase, and various
peroxidases) to respond the damaging oxidative reactions. Dietary antioxidants may
be especially important in protecting against human diseases associated with free-
radical damage [13, 14]. However, current data is not sufficient to quantitate
micronutrient requirements to protect against oxidative damage. Assessment of
dietary intake, including the intake of dietary antioxidants, in CKD patients should be
important and obligatory. Evaluating the status of micronutrients having antioxidant
properties or acting as precursors of antioxidant enzymes along with macronutrients,
such as energy and proteins, is extremely important to combat antioxidant
deficiencies, minimize oxidative stress, and improve the overall health status.
Therefore, this study was conducted in order to evaluate the MDA as an oxidative
stress marker and TAS, GPx, and PON-1 as antioxidant markers in pre-dialysis CKD
patients. Also, we investigated the correlation of these markers with dietary
antioxidant patterns.

There is some evidence indicating that decrease renal function is associated
with imbalance oxidative stress and antioxidant. Yet, the number of studies assessing
total antioxidant status and markers of antioxidant activities like GPx and PON-1 in
patients in the various stages of CKD is limited, and results are inconsistent.
Therefore, this study was conducted in order to describe the oxidant - antioxidant
imbalance by analyzing MDA, which is an oxidative stress marker, total antioxidant
status, and activity markers (GPx and PON-1) in patients with different stages of
CKD.



1.2. Conceptual framework

Antioxidant
(AOX)

Oxidative
stress defense

Healthy people
system

CKD progression:
Increase Indoxyl sulfate,
Cynate, MDA, cytokine

CKD patients

Well-nourish
people

Restricted diet in CKD
- Lower protein intake
- Lower fruits and

vegetables intake

¥

system in body?

Increase oxidative
stress in body?
MDA screening test

Antioxidant activity

Decrease AOX defense
Check antioxidant status

(GPx and PONL1) screening

Inadequate
antioxidant intake?
Determine: FFQ

-

¥

[ Free radical damage to cellular

DNA, lipid and protein oxidation

. 2 A

-Accumulation of oxidative products \
and reactive carbonyl comound \

- Crosslink with serum protein

- Bind with cell surface receptor

A 4

~
Chronic inflammation
Tissue injury

Cell death )

A 4

~
[ Decrease GFR and renal

injury progression

A 4

~
[ Late stage of CKD

Complications

(Lower micronutrients \
having AOX properties
(Vit A, Vit C, Vit E)

- Lower micronutrients ac
as precursors of AOX

enzymes (Zn, Se)
. _/

¥

~
\ Decrease AOX
\ capacny

~
Imbalance oxidative

and antioxidant svstem )

——




1.3. Research questions

1. Whether are levels of plasma MDA, total antioxidant status, and markers of
antioxidant activity (GPx and PON-1) in Thai pre-dialysis CKD outpatients
different from those of the control group?

2. Whether are levels of plasma MDA, total antioxidant status, and markers of
antioxidant activity (GPx and PON-1) in Thai pre-dialysis CKD outpatients
different from various stages?

3. Whether is there a relationship between oxidative stress and antioxidant markers

with dietary antioxidant pattern in Thai pre-dialysis CKD outpatients?

1.4. Objectives

1. To measure levels of plasma MDA, total antioxidant status, and markers of
antioxidant activity (GPx and PON-1) in Thai pre-dialysis CKD outpatients and
compare with those of the control group

2. To measure levels of plasma MDA, total antioxidant status, and antioxidant
activity (GPx and PON-1) in various stages of Thai pre-dialysis CKD
outpatients.

3. To determine dietary antioxidant pattern and their relationship with oxidative

stress and antioxidant markers in Thai pre-dialysis CKD outpatients

1.5. Hypothesis

1. There are difference in levels of plasma MDA, total antioxidant status, and
markers of antioxidant activity (GPx and PON-1) between Thai pre-dialysis
CKD outpatients and the control group.

2. There is difference in levels of plasma MDA in Thai pre-dialysis CKD
outpatients with various stages.

3. Total antioxidant status and levels of plasma PON and GPx reduce in Thai pre-
dialysis CKD outpatients with decreasing renal function.

4. There is a negative relationship between oxidative stress and dietary antioxidant
pattern, and a positive relationship between antioxidant markers and dietary

antioxidant pattern in Thai pre-dialysis CKD outpatients.



CHAPTER 2

LITERATURE REVIEW

2.1. Prevalence of chronic kidney disease

Over the last decades, CKD has still been a worldwide public health
problem, affecting nearly 3% of the USA population [2]. Incidence is around 200
cases per million per year in many countries, including Thailand. Some countries,
such as USA, Taiwan, and some regions in Mexico, have the incidence nearly 400
cases per million, and has increased fastest in older individuals. Dialysis is the
common method for treatment in most countries. With average survival of 3 — 5
years, prevalence is reaching 1800 cases per million in the USA. High survival
explains to high prevalence reaching 2400 cases per million in Japan and Taiwan.
Diabetes is one of the main causes of kidney failure, approximately 40% or more of
new cases in most countries [3].

Thailand is also one of countries that have rising incidence and prevalence of
kidney failure with over 100 cases per million and 600 cases per million, respectively,
every year [3]. The research conducted in the year of 2004 showed that the
prevalence of CKD in Thai adults by stage was 8.1%, 0.2%, and 0.15% for stage 3,
stage 4, and 5, respectively. CKD patients were older, had a higher level of
cholesterol, and higher blood pressure, compared to non-CKD individuals. People
with cardiovascular risk factors were more possibly lead to CKD than those without,
including hypertension (OR 1.6, 95%CI 1.1, 3.4), diabetes (OR 1.87, 95%Cl 1.0, 3.4).
About region distribution, northeast of Thailand had the higher prevalence than
central region (OR 2.1, 95%CI 1.3, 3.3) [15].

2.2. Kidney function

Two kidneys locate on either side of the spine at the lowest level of the rib
cage. There are approximately a million functioning units called nephron per kidney.
Each nephron consists of a filtering unit of tiny blood vessels called a glomerulus
attached to a tubule. The kidney plays an important role in the body such as clean the

blood, keep the balance of salt and minerals in blood, help control blood pressure,



make erythropoietin, which stimulates red blood cell production and make an active
form of vitamin D, needed for bone health.

When kidney get some types of abnormality, or markers, such as protein in
the urine and having decreased kidney function for three months or longer, chronic
kidney disease might be diagnosed. There are many causes of chronic kidney disease.
The kidneys may be affected by diseases such as diabetes and high blood pressure.
Some kidney conditions are inherited or congenital.

2.3. Definition and classification of chronic kidney disease

Chronic kidney disease has been defined according to the criteria developed
by National Kidney Foundation's Kidney Disease Outcomes Quality Initiative [1]
¢ Kidney damage for > 3months, as defined by structural and functional
abnormalities of kidney, with or without GFR (Glomerular Filtration
Rate), manifest by either:
= Pathological abnormalities, or
= Markers of kidney damage, including abnormalities in composition
of the blood and urine, or abnormalities in imaging tests
e GFR < 60 mL/min/1.73 m? for > 3months with or without kidney
damage
Classification of CKD patients in these following stages based on
Glomerular filtration rate
e Stage 1: GFR > 90 mL/min per 1.73 m? and persistent albuminuria
e Stage 2: GFR between 60 to 89 mL/min per 1.73 m?
e Stage 3: GFR between 30 to 59 mL/min per 1.73 m?
e Stage 4: GFR between 15 to 29 mL/min per 1.73 m?
e Stage 5: GFR < 15 mL/min per 1.73 m? or end-stage renal disease
According to an update of the this guidelines in 2012, the classification of
CKD also includes the addition of albuminuria stages based on urine albumin to
creatinine ratio (UACR) by these categories: 10 — 29, 30 — 299, 300 - 1999 and >
2000 mg/g are high normal, high, very high and symptoms of nephritic syndrome

respectively. Since UACR is recommended for estimation of 24 - hour urine albumin



excretion rather than using non-standardized urine dipstick for total urinary protein

measurement. [16]
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Figure 2.1 Prognosis of CKD by GFR and albuminuria [16]

2.4. Estimation of GFR

The estimate GFR (eGFR) is calculated by using Chronic kidney disease
Epidemiology Collaboration (CKD-EPI) creatinine equation. [17, 18]

GFR=141 X min(Sc/K,1)* X max(Se/K,1)™? X 0.993"% X 1.018 (if female) X 1.15 (if black)

Where:
e Sc; is serum creatinine in mg/dL
e Kis 0.7 for females and 0.9 for males
e q is -0.329 for females and -0.411 for males
e min indicates the minimum of S¢,/K or 1, and max indicates the maximum
of S¢/K or 1
The Thai eGFR formula was expressed as [19]:

eGFR = 375.53 X Crgn, %% X Aget?3% X (0.712 if female), (r* = 0.869)




2.5. Risk factors of chronic kidney disease

In principle, risk factors for development of chronic kidney disease would
include susceptibility factors and initiation factors. In addition, because it can be
difficult to detect the onset of chronic kidney disease, some risk factors for faster
progression may appear to be to susceptibility or initiation factors [1].

Progression factors may be associated with progression either because initial
damage cannot be resolved or because damage is ongoing. In addition, numerous
factors have been shown to be associated with worse outcomes in patients with kidney
failure, such as inadequate dialysis dose, temporary vascular access, anemia, and low
serum albumin concentration.

In developed countries, chronic kidney disease is generally associated with
old age, diabetes, hypertension, obesity, and cardiovascular disease. Diabetic
glomerulosclerosis and hypertensive nephrosclerosis are the supposed pathological
causes; however, it is difficult to diagnose exactly. In developing countries, common
causes of chronic kidney disease also include glomerular and tubulointerstitial
diseases resulting from infections and exposure to drugs and toxins [3]

Table 2.1 Types and examples of risk factors for chronic kidney disease [1]

Types Examples

Susceptibility factors

Older age, family history

e US ethnic minority status: African American, American
Indian, Hispanic, Asian or Pacific Islander

e Exposure to certain chemical and environmental conditions

e Low income or low education

Initiation factors e Diabetes
e High blood pressure
e Autoimmune diseases, systemic infections,
e Urinary tract infections, urinary stones, lower urinary tract
obstruction,

e Drug toxicity

Progression factors Higher level of proteinuria, higher blood pressure level,

e poor glycemic control in diabetes, smoking




10

2.6. Co-diseases

2.6.1. Hypertension

Hypertension is a traditional cardiovascular risk factor which contributes to
cardiovascular disease in CKD. Patients with hypertension increased risk of new or
periodic cardiovascular events in stage 2-3 CKD [20]. Anemia and hypertension are
two CKD associated complications, offered to play a role in the development of left
ventricular hypertrophy which rises in relation to progressively lower levels of eGFR
[21]. KDIGO guidelines recommend target blood pressure equal and less than 140/90
mmHg for all patients both diabetes and non-diabetes adults with kidney disease and
urine albumin excretion < 30 mg/24 hours. For whose with CKD and urine albumin
excretion > 30 mg/24 hours, blood pressure should maintain equal and less than
130/80 mmHg [16].

2.6.2. Diabetic nephrology

Diabetes is associated with adverse outcomes in all stages of CKD.
Moreover, lower fasting plasma glucose and/or glycated hemoglobin levels are
associated with lower risk of all cause and cardiovascular death in individuals with
moderate to severe renal impairment [22]. In people with CKD and diabetes, glycemic
control should be part of a multifactorial intervention strategy addressing blood
pressure control and cardiovascular risk, promoting the use of angiotensin-converting
enzyme inhibition or angiotensin receptor blockade, statins, and antiplatelet therapy
where clinically indicated. According to KDIGO guideline, a target hemoglobin A;c
(HbA:c) of around 7.0 % (53 mmol/mol) is suggested to prevent or delay progression
of the microvascular complications of diabetes, including diabetic kidney disease
[16].

2.7. Complications of CKD

2.7.1. Hyperuricemia

It is the fact that approximately 70% of uric acid is excreted from the kidney,
thus, hyperuricemia occurs when renal function worsens. Hyperuricemia is diagnosed
by urate concentrations above 7.0 mg/dL (420mmol/L). It has not been clear if the
hyperuricemia plays a role in the progression of renal disease. However, recent

clinical studies indicated that the serum uric acid value is closely associated with
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hypertension in hyperuricemic patients. It is important to recognize the association of
hyperuricemia with CKD and adverse cardiovascular outcomes.  Therefore,
hyperuricemia was defined as a potential contributor to progression [16].

According to the KDIGO guideline, there is lacking evidence to support the
use of agents to lower serum uric acid concentrations CKD patients and either
symptomatic or asymptomatic hyperuricemia in order to delay progression of CKD
[16].

2.7.2. Anemia

Anemia usually tends to appear in progressive CKD. Almost 50% of patients
with CKD-associated anemia was analyzed [23]. A strong correlation between the
prevalence of anemia and the severity of CKD was demonstrated. One quarter of
stage 1 CKD patients, half of those progresses to CKD stages 2, 3, and 4, and three
quarters of CKD patients starting dialysis was diagnosed anemia [23].

Anemia may occur in CKD by many mechanisms such as iron, folate, or
vitamin B12 deficiency, gastrointestinal bleeding, severe hyperparathyroidism,
systemic inflammation, and shortened red blood cell survival. However, one of the
most important specific risk factor causing CKD-associated anemia is erythropoietin
synthesis and decreased this process is necessary. Erythropoietin is a glycoprotein
secreted by the kidney interstitial fibroblasts and is essential for the growth and
differentiation of red blood cells in the bone marrow [24]. In CKD, tubular atrophy
generates tubulointerstitial fibrosis, which cooperation renal erythropoietin synthetic
capacity and results in anemia [25].

Anemia in CKD with cardiovascular complications, such as angina, left
ventricular hypertrophy, may increase morbidity and mortality [26]. It may make
renal function worsen and lead to a vicious cycle called the “cardio-renal anemia
syndrome” [25]. Left ventricular hypertrophy is associated with decreased survival of
patients on dialysis. Moreover, anemia is an independent predictor of death in stable
coronary artery disease patients with CKD [27]. Therefore, it is important to develop

primary care for anemia diagnosis and management in CKD patients.
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2.7.3. Hyperphosphatemia and bone disorder

Phosphate excretion and 1-a-hydroxylation of vitamin D primary happen in
kidney.  Hyperphosphatemia is developed in patients with CKD because of
inadequate 1, 25 dihydroxy-vitamin D levels and reduced renal phosphate excretion.
As a result, serum calcium levels fall leading to increase secretion of parathyroid
hormone, thus, increase the calcium levels by increasing bone reabsorption and
promoting 1-a-hydroxylation of 25-hydroxy vitamin D synthesized by the liver [25].
It is the fact that hyperphosphatemia is one of the most important risk factors

associated with cardiovascular disease in CKD patients [28].
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Figure 2.2 Calcium regulation [28]

Changes in bone architecture can be caused by either a high bone turnover
state or a low bone turnover state. Four types of renal osteodystrophy can be
diagnosed in CKD patients are osteitis fibrosa cystica (high bone turnover with
secondary hyperparathyroidism), osteomalacia (low bone turnover and inadequate
mineralization, related to diminished vitamin D synthesis), a dynamic bone disorder
(low bone turnover from excessive suppression of the parathyroid glands), and mixed
osteodystrophy (with elements of both high and low bone turnover). The predominant
type of renal osteodystrophy and CKD-mineral and bone disorder changes between
pre-dialysis and end stage renal disease patients. In pre-dialysis patients, high bone
turnover is most prevalent of bone disease. In contrast, low bone turnover

predominates in dialysis patients [29]. The cause of this prevalent bone phenotype
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results from oversuppression of parathyroid hormone and high calcium dialysate
concentrations [30].

Acidosis, the suppressive effect of phosphate maintenance on renal synthesis
of 1, 25 dihydroxyvitamin D synthesis, and absence of the physiologic inhibitory
effect of vitamin D on parathormone secretion are also minor factors that contributing
to the low turnover bone disease in CKD patients [31]. Chronic kidney disease-
associated mineral bone disorders significantly increase mortality in CKD patients.

2.7.4. Cardiovascular diseases

In patients with end stage renal disease, the increased cardiovascular risk has
been well recognized in clinical practices and studies. It is estimated that mortality
rates caused by cardiovascular diseases among dialysis patients are tend to one
hundred folds higher than age- and sex-matched individuals in the general population
[32].

One of non-traditional risk factors which play a role in mediating
cardiovascular risk in CKD is inflammation. Markers of inflammation are often
increase in CKD patients and are predictive of cardiovascular risk. Some studies have
indicated that high serum C-reative protein (CRP) was an independent predictor of all
cause and cardiovascular mortality after adjusted for confounding variables [25, 33].

Proteinuria, a reliable marker of renal impairment, increased risks for
cardiovascular disease and early cardiovascular mortality in patients with and without
diabetes and hypertension [34].

2.7.5. Hyperlipidemia

Dyslipidemia is prevalent in CKD patients. It is a major risk factor for
cardiovascular morbidity and mortality. Overall, the incidence of hyperlipidemia rises
as renal function decreases, with the degree of hypertriglyceridemia and elevation of
LDL cholesterol being related to the severity of renal impairment [25].

There are many factors contributing to the development dyslipidemia
associated with CKD. Patients with CKD have a reduction in the activities of
lipoprotein lipase and hepatic triglyceride lipase. This interferes with uptake of rich-
triglyceride lipoproteins, apolipoprotein B by the liver and in peripheral tissue,

yielding increased circulation of these atherogenic lipoproteins. Hypercholesterolemia
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in nephrotic syndrome may occur due to the increased production of lipoproteins and
its decreased catabolism. The degree of lipoprotein abnormality is associated to the
amount of proteinuria and inversely related to serum albumin levels [35]. However,
infusions of albumin or dextran both normalize lipoprotein concentrations, suggesting
that oncotic pressure changes rather than hypoalbuminemia signals increased
lipoprotein synthesis by the liver. In-vitro study indicated that increased hepatic
apolipoprotein-B gene transcription in cells exposed to reduced oncotic pressure [35].
Hyperparathyroidism and the accumulation of calcium in pancreatic islet cells likely
contribute to dyslipidemia of CKD as well [36]. It is the fact that several
observational studies of chronic kidney disease patients suggest that lower total
cholesterol levels are associated with higher mortality rate [25]. In a prospective
study, the relation between total cholesterol levels and mortality was conducted in
1,167 stage 5 kidney disease patients. Hypercholesterolemia, which is defined as total
cholesterol levels > 200 mg/dL, was associated with the increase of mortality rate
[37].

A complete fasting lipid profile with assessment of total, LDL and HDL
cholesterol, and triglyceride levels should be included in the evaluation of patients
with CKD and hyperlipidemia. Individuals with elevated cholesterol or other forms of
hyperlipidemia should undergo evaluation for secondary dyslipidemias before
initiation of lipid lowering therapy [38]. In the past, KDOQI guidelines recommend
that all stages of CKD be considered cardiovascular disease risk equivalent and LDL-
cholesterol levels should be lowered below 100 mg/dL (2.6 mmol /L) [1]. Recently,
the KDIGO guideline indicated that targets for LDL-Cholesterol (1.8 or 2.6 mmol/L
[70 or 100 mg/dL]), which required repeated measurements of LDL-cholesterol and
treatment growth with higher doses of statin or initiation of combination lipid-
lowering therapy when the LDL-cholesterol target is not met [39]. CKD patients may
achieve LDL goals via implementation of lifestyle modification, including dietary
modification with dietitian consultation, increased physical activity, moderate alcohol
intake, and smoking ending. All adults with CKD should be evaluated for lipid

abnormalities.
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2.8. Oxidative stress in CKD

Oxidative stress (OS) is prevalent in CKD patients and is considered as an
important pathogenic mechanism in this population. Oxidative stress develops from
an imbalance between formation of reactive oxygen species (ROS), occurring when
there is excessive free radical production and low antioxidative defense. This leads to
chemical alterations of bio-molecules, causing structural, and functional
modifications. Therefore, finding of ROS only has not defined oxidative stress yet.
In a situation where antioxidative defense mechanisms reduce, oxidative stress occur
as a result of the imbalance between formation of ROS and defense mechanisms [14].

Chronic kidney disease is a pro-oxidant state [40]. Previous studies showed
that lipids, proteins, and DNA oxidation markers increase in the plasma of CKD
patients [41, 42]. In addition, other oxidative markers may present in atherosclerotic
injuries of CKD patients, such as hypochlorous acid - modified lipoproteins [43], and
advanced glycation end products (AGEs) [44].

2.8.1. Oxidative stress mechanism

The pathogenesis of oxidative stress in CKD patients is multifactorial and
includes several possible causes, for example, uremia-related factors
(hyperhomocysteinemia or AGES), intravenous iron supplementation, and dialysis-
related factors (bio-incompatible membranes or endotoxin-contaminated dialysate)
[40].

Renal sources for ROS are activated macrophages, vascular cells, and
various glomerular cells [45]. The fundamental mechanisms responsible for oxidative
stress in CKD patients include increased production and decreased clearance of ROS,
as well as a dysfunctional antioxidant defense system [46, 47]. The balance between
formation of ROS and antioxidative defence mechanisms depends on the activities of
enzymes such as superoxide dismutases (SOD), catalase, NO-synthase, and
glutathione peroxidase [47, 48] This balance, however, is rather fragile and strongly
dependent on environmental conditions [49]. Taking SOD for example, once O, is
formed, the activity of SOD will transform it to H,O,. Then in the presence of
sufficient catalase activity, H,O, will be converted to harmless H,O and O,.

However, too much SOD relative to H,O,- removing catalase can be poisonous,
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giving rise to the formation of the highly reactive hydroxyl radical in the presence of
metal ions such as Fe®* or Cu**(Fenton reaction) [49]. In contrast, when there is too
little SOD activity, OH  also can be produced from O, via the Haber Weiss reaction.
Reactive oxygen species can be formed from vascular and glomerular cells including
fibroblasts, from leucocytes, and from renal interstitial cells [50]. Cellular sources of
ROS formation include different cellular enzymes, such as mitochondrial oxidases,
lipoxygenase, cyclooxygenase, myeloperoxidase, NADPH oxidase, xanthine oxidase,
and in the case of L-arginine or tetrahydrobiopterin reduction, NO-synthase [48, 51-
53]
SOD Catalase
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Figure 2.3 Formation of reactive oxygen species [54]

It should be noted that high serum levels of urea (0.4-1.4 mg/mL or 40-140
mg/dL) can change the reversible reaction between H,O, and urea toward the
formation of stable urea hydrogen peroxide, which is a stable form of H,O,, and a
cytotoxic agent accumulating in the tissues of CKD patients [55]. The increased urea
hydrogen peroxide in CKD enhances the formation of pentosidine and
carboxymethyllysine via the Fenton reaction [40].

2.8.2. Biological effects of oxidative stress

Oxidative stress can cause inflammation, which plays a role in a variety of
renal diseases, such as glomerulonephritis, acute or progressive renal failure, or
tubulointerstitial nephritis [45, 56], contributing to proteinuria. Reactive oxidative

stress also contributes to the pathogenesis of ischemia-reperfusion injury [57].
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Additionally, as a result of their impact on cell cycle regulation, oxygen radicals may
contribute to hypertrophy of tubular cells [58]. In the vascular system, the interaction
of O, with NO is a major importance, particularly in the setting of hypercholes-
terolaemia, atherosclerosis, and hypertension. The important endothelial vasodilator
autacoid NO is inactivated by O, [59], and the reaction product peroxynitrite
(ONOO) favors formation of even more ROS such as OH [60]. Consequence,
endothelial dysfunction and alterations of cellular turnover occur.

Increased lipid peroxidation and reduced enzymatic antioxidant defense have
been detected in pre-dialysis patients [13]. Renal dysfunction is frequently associated
with oxidative stress, as levels of different oxidative stress markers like
malondialdehyde (MDA) are increased in patients with varying degrees of renal
function [61, 62]. In conclusion, perturbations in cellular oxidant handling influence
downstream cellular signaling and promote renal cell apoptosis and senescence,
decreased regenerative ability of cells, and fibrosis in the kidney. These factors have
a stochastic deleterious effect on kidney functions.

2.8.3. Markers of oxidative stress in CKD patients

Because oxidants are highly reactive compounds with only seconds half-life,
their determination in vivo is normally not practicable. However, lipids, proteins,
carbohydrates and nucleic acids, after being modified by oxy-radicals, have lifetimes
ranging from hours to weeks, making them ideal markers of oxidant stress [63].
Oxidative stress biomarkers have a positive correlation between increasing oxidative
stress with increasing stages of CKD [12]. These markers can be measured in urine,
serum, tissues, cell cultures or other biological products such as breath, skin, or food
samples [6]. Some of oxidative stress biomarkers from lipids, proteins, carbohydrates

and nucleic acids oxidation can be shown in Table 2.2 (63)
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Table 2.2 Biomarkers of oxidative stress [64]

Markers

Lipid peroxidation Malondialdehyde (MDA)
F2-isopronstanes
Oxidized low-density lipoproteins (LDL)
Oxidized LDL antibodies
Advanced lipid oxidation products
Acrolein
4-hydroxynonenal
Thiobarbituricacid-reactive substances

Protein oxidation Protein carbonyls
Advanced oxidation protein products (AOPPs)
Thiol oxidation
Advanced glycation end products (AGES)

3-nitrotyrosine

Carbohydrate oxidation Reactive aldehydes

Reducing sugar (ascorbate, ribose, etc)

Nucleic acid oxidation 8-hydroxy-2-deoxyguanosine (abbre)

2.8.3.1. Biomarkers of lipid peroxidation

Malondialdehyde (MDA\) is generated by the peroxidation of polyunsaturated
fatty acids with two or more methylene interrupted double bonds. It has been used to
determine increased oxidative stress during CKD progression [65]. Furthermore,
MDA is more than a lipid peroxidation product. Several impaired physiological
mechanisms which react with DNA and proteins can be formed MDA during
physiological metabolisms [65].

Malondialdehyde is elevated in CKD [7-9], in particularly, it inversely
related to eGFR [8], and positively correlated with uremic toxins [66] and severity of
glomerulosclerosis [7]. Moreover, MDA is diminished in ESRD patients having
undergone a kidney transplant when compared to patients receiving dialysis [67]. Itis
diminished using non-traditional dialysis techniques including vitamin E-coated

regenerated cellulose hollow fiber dialyzers [41], and antioxidant therapies such as
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trimetazidine, erythropoetin-vitamin E therapy [68], and amino/keto acids with
vitamins A, vitamin C, and vitamin E [69].

The analysis of MDA by the thiobarbituric acid assay has been widely
employed over many years. The principle of this spectrophotometric assay is based
on heating of the sample under acidic conditions to form an adduct MDA - (TBA),
which can be detected at 532 nm [70]. However, the specificity of the assay can be
questioned because aldehydes, other than MDA, can react with TBA and various
other pigments may absorb at the wavelength of 532 nm, giving an over-estimation of
MDA concentrations.  Then, high-performance liquid chromatography (HPLC)
extraction of MDA from plasma, with subsequent quantification, is considered a
reliable measure of oxidative stress [70, 71]. The separation of the complex MDA -
(TBA), from other interfering compounds by reverse phase HPLC techniques has led
to a reduction in observed MDA levels in various biological fluids [70]. In addition,
improved methods derivative MDA with 2,4-dinitrophenylhydrazine (DNPH), which
forms specific hydra zones for MDA separated by HPLC and quantified using methyl-
MDA as an internal standard. However, the values of MDA are particularly high,
approximately two orders of amount higher than the common plasma MDA values
obtained with other recent and validated methods, despite the relatively mild reaction
conditions allowed by DNPH (10 minutes at room temperature) and the great
attention put into the method validation steps [72].

Urinary MDA as a measure of the impaired kidney function in patients can
be difficult to interpret. It is given that renal clearance of MDA possibly provides an
adaptive mechanism to prevent lipid peroxidation accumulating within kidney tubular
cells [62].

2.8.3.2. Biomarkers of protein oxidation

Advanced oxidation protein products (AOPPs) accumulate in the serum of
CKD patients, especially those with uraemia and diabetes [73]. They are principally
derived from serum albumin following hypochlorous acid free radical attack and they
provide a valuable indicator of oxidant-damaged proteins [74]. The incidence of

albuminuria or proteinuria in CKD and its impact on AOPP has not yet been studied

[6].
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Protein carbonyl assays quantify the carbonyl groups associated with protein
oxidation. Protein carbonyls are not specific for oxidative stress as they also measure
glycated proteins and bound aldehydes [75]. An increase in protein carbonyls was
demonstrated in CKD patients in stages 3 to stage 5. However, there was no
correlation found between protein carbonyl levels and decreased GFR yet [76].
Protein carbonyls was also found to be increased in plasma and lymphocytes of
diabetes patients compared with healthy control subjects [77].

2.9. Antioxidant protection systems
2.9.1. Antioxidant mechanism

To protect the cells and organ systems of the body against oxidative stress,
humans have evolved a highly sophisticated and complex antioxidant protective
system. It involves a variety of components, both endogenous and exogenous, those
function interactively and synergistically to neutralize free radicals. Whenever the
balance between reactive oxidative species production and antioxidant defense is lost,
oxidative stress results through a series of events. It deregulates the cellular functions
leading to various pathological conditions.

These antioxidant components include as follows [78, 79].

e Enzyme antioxidants: such as superoxide dismutase (SOD), catalase
(CAT), glutathione peroxidase (GPx)

e Chain breaking antioxidants: include lipid phase (such as tocopherols,
carotenoids, flavonoids, ubiquinol) and aqueous phase (such as albumin,
ascorbate, urate, glutathione, and other thiols)

e Metal binding proteins: such as transferrin, ferritin, lactoferrin,
ceruloplasmine

There are some defense mechanisms against free radical-induced oxidative
damage. Taking enzymes antioxidants as examples, CAT, SOD, GPx and thiol-
specific antioxidants can act as catalytic removals of free radicals and reactive
species. Binding proteins (such as transferrin, metallothionein, haptoglobins,
ceruloplasmin) contain pro-oxidant metal ions, such as iron and copper, and have

protection against macromolecular damage by proteins such as stress or heat shock
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proteins. Besides, there are some reduction of free radicals by electron donors, such
as GSH, vitamin E, vitamin C, bilirubin, and uric acid [79].

The most important defense against radical-induced damage are enzymatic
antioxidants which decrease oxidant concentrations in tissues. Antioxidants have two
classes including the primary antioxidant and the secondary or preventative
antioxidant. The former delays or inhibits the initiation step of radical production by
reacting directly with a radical or inhibiting the propagation step by reacting with
peroxyl or alkoxyl radicals. The latter slows the oxidation rates via substrate removal
or quenching of singlet oxygen, a highly reactive form of molecular oxygen [80].
Researchers use different terms to express the functions of antioxidant including total
antioxidant efficiency, effectiveness, action, power, parameter, potential, potency, and
activity [81]

2.9.2. Biomarkers of antioxidant in kidney disease

Choosing biomarkers is very important for measuring antioxidant status and
activity, and finding the relationship between antioxidant system and CKD patients as
well. According to a review of Tucker et al in 2013, there were many oxidative stress
and antioxidant status markers in human. Researchers and physicians should
carefully choose which markers are most appropriate to monitor in CKD patients. As
a result that these markers have relationship with other well characterized markers of
a toxic environment and clinical indicators of kidney function and health. Moreover,
its reliability and validity, and ability to make useful cross-study comparisons also
need to be concerned [80].

2.9.2.1. Total antioxidant capacity or status

Patients with renal insufficiency have decreased antioxidant defense and
suffered from overstated OS when compared to healthy controls [82]. Several
techniques are used to assess the overall antioxidant status, such as total radical-
trapping antioxidant potential, total antioxidant capacity, total antioxidant status.
However, results are difficult to compare across studies due to different measurement
techniques, tissues, and the environment.

Total antioxidant status (TAS) assays include enhanced chemiluminescence
(ECL) assay [83], spectrophotometric methods, such as FRAP assay [84], CUPRAC
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assay [85] or methods based on the formation of the ABTS+ radical [86], fluorometric
methods, such as ORAC assay [87], and electrochemical methods like colorimetry
[88], voltammetry [89] or electron spin resonance assay [90]. Some of the above
spectrophotometric and fluorometric assays are now commercially available. The
total (peroxyl) radical-trapping antioxidant potential (TRAP) assay is the most widely
use of those methods. However, it is unfortunately too lengthy to permit the analysis
of large sets of samples and is technically difficult, requiring specialized equipment.
A more recent technique measures the ability of antioxidants within physiological
fluids to quench the absorbance of the radical cation formed by the reaction of 2,2’-
azmnobis-(3-ethylbenzothiazolmne-6-sulfonic acid) (ABTS) with a peroxidase and
hydrogen peroxide. This method is suitable for automation with a centrifugal
analyzer and thus permits rapid throughput of samples [91].

However, the relationship between antioxidant system and kidney health is
strongly influenced by confounding variables, such as uric acid, which is poorly
regulated in renal insufficiency [12]. It was proposed that uric acid might act as an
antioxidant, a free radical scavenger and a chelate of transitional metal ions which
were converted to poorly reactive forms [92]. In vitro experiment showed that uric
acid was a powerful scavenger of reactive oxygen species [93]. Moreover, the
association of the greater serum uric levels and the higher TAS levels in individuals
with atherosclerosis was observed in a prospective case-control study [94].
Nevertheless, the role of uric acid as an antioxidant remains elusive. Due to enzyme
xanthine oxidase in the path way producing uric acid involve in the ROS production,
which is an important role in the increased vascular oxidative stress and atherogenesis
[93, 95]. Therefore, it should be under the consideration when choosing the TAS test
for assessing the antioxidant capacity of patients with hyperuricemia.

There is a research conducted to investigate the relationship between
antioxidant-rich food intakes and blood total antioxidant status and vitamin C and E
levels. This study found that there is associations between antioxidant rich food
consumption and serum TAS and plasma levels of antioxidants in a generally healthy
older population and suggest that increased intakes of these foods may confer
significant health benefits [96]. Antioxidant rich foods were defined as plant-based

foods containing high amounts of vitamins C, vitamin E, and phytochemicals (such as
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polyphenols, terpenes and organosulfur compounds)[97]. Negative associations
between the consumption of antioxidant rich foods and the risk of chronic diseases
were demonstrated in some epidemiological studies [98]. It has been proposed that
antioxidant food may act to reduce oxidative damage [99].

2.9.2.2. Glutathione peroxidase activity

The antioxidant defense system can be divided into two major sources
including endogenous enzymes and small, mostly exogenous compounds, acting as
free radical scavengers [100]. In aerobic organisms several enzymes are involved in
scavenging free radicals, such as superoxide dismutases, catalases and glutathione
peroxidases (GPx). Glutathione peroxidases is responsible for the conversion of H,0,
and other organic peroxides, to water and oxygen [101]. Five isoforms of GPx have
been identified. Glutathione peroxidases in RBC and GPx (eGPx) in plasma are two

existing in human blood [101].
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Figure 2.4 Participation of antioxidant enzymes in neutralization of reactive

oxidative species in mammalian tissues [100]

Selenium (Se) is known as an integral structural component of the active site
of red blood cell GPx. It is the most widely characterized selenoprotein, which
present in erythrocytes and cytosol of nearly all tissues of mammals, birds, and
several other organisms [102].

2.9.2.3. Superoxide dismutase

Superoxide dismutase (SOD) is classified into three groups including
cytosolic (CuZn-SOD), mitochondrial (Mn-SOD), and extracellular (E-SOD) [81].
All of which dismutase superoxide to hydrogen peroxide and molecular oxygen and
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especially, no other enzymes catalyze this reaction [103]. Superoxide and SOD have
a delicate relationship.  Overproduction of superoxide starts stimulate lipid
peroxidation, protein oxidation, and DNA damage, all of which can cause cell death
[103].

There are convinced that research measuring SOD in CKD are inconsistent.
Some studies reported diminished activity of SOD [104] while others reported that
SOD activity was normal [105] or increased [7] even when other markers of
antioxidants, such as GPx were reduced [105]. Thus, SOD activity must be carefully
interpreted in CKD condition. It was found that SOD had an inverse relationship with
serum creatinine [106] and was positively correlated with GFR in CKD patients [8].
Nevertheless, it was suggested that the lack of stability in SOD should be carefully
inferred.

2.9.2.4. Catalase

Catalase (CAT) is an antioxidant enzyme found mainly in peroxisomes but it
also exists in cell cytosol. It is able to detoxify various phenols, alcohols, and
hydrogen peroxide. This ubiquitous enzyme protects body from oxidative damage by
reducing hydrogen peroxide to water and oxygen [64].

Some studies showed that CAT activity diminished in CKD patients [107].
Similar to SOD, interpretation of CAT activity in CKD patients should be careful, as a
result that CAT activity was normal [108] or elevated in CKD even when other
antioxidants were decreased [82]. Less data exist to characterize the relationship
between CAT activity and kidney health [81]. Researches indicated a more steady
relationship between CAT and diabetic complications [109, 110] suggesting that CAT
might reflect antioxidant in diabetes, rather than CKD [81].

2.9.2.5. Thioredoxin

Thioredoxin (TRX) is a 12 kD protein, secreted by most cell types, with a
redox-active dithiol/disulfide in the active site consensus sequence (-Cys-Gly-Pro-
Cys-) showing antioxidative properties [111]. Serum TRX is known to be elevated in
patients with increased oxidative stress, such as cancer, cardiac conditions [112], and
CKD [111].
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Thioredoxin has a redox-active cysteine pair through which interacts with
other proteins to regenerate proteins damaged by ROS. For example, reduced TRX
can restore activity to H,O,—inactivated glyceraldehyde—3—phosphate dehydrogenase.
Thioredoxin is also a cofactor for methionine sulfoxide reductase, which can reduce
methionine sulfoxide residues in oxidized protein caused by ROS. It acts as an
electron donor to peroxiredoxin or thioredoxin peroxidase and glutathione peroxidase
to reduce hydrogen peroxide. Besides, it also functions in redox-sensitive signal
transduction, transcriptional activation of stress response genes, ribonucleotide
reduction in the synthesis of deoxyribonucleotides for DNA repair, and post-injury
cell proliferation [112].

Although normal concentrations of plasma TRX are low, the TRX dithiol
motif makes it well-suited to reverse oxidative changes to proteins [112]. There is an
inverse relationship between TRX and GFR, suggesting a protective mechanism
[111].

2.9.2.6. Paraoxonase

Paraoxonase or arylesterase are proteins whose physiological significance
has not been fully elucidated. The paraoxonase family consists of three members
including PON-1, PON-2, and PON-3 sharing structural properties and enzymatic
activities. They have the ability to hydrolyze oxidized lipids in LDL [113].

Human PON-1 (aryldialkylphosphatase) is an esterase associated with
apolipoprotein Al (apoAl) and clusterin (apolipoprotein J) in HDL. The PON-1
displays both paraoxonase and arylesterase activities because it hydrolyzes paraoxon,
an organophosphate compound and phenylacetate, an aromatic carboxylic acid esters,
respectively. Moreover, PON-1 possesses peroxidase-like activity contributing to its
protective effect against lipoprotein oxidation seen in CKD [114]. It also displays
homocysteine-thiolactonase activity that may be linked with its antiatherogenic
properties. Lipids in lipoproteins, macrophages, and erythrocytes are protected from
oxidation by PON-1. Besides of its antioxidant properties, PON-1 has also added
antiatherogenic activities against macrophage foam cell formation. This function
helps reduce cholesterol and oxidized lipids influx, inhibit macrophage cholesterol
synthesis, and stimulate of macrophage cholesterol efflux [115, 116]. Therefore,
PON-1 is also called as a cardioprotective enzyme.
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There are many markers that are used to investigate antioxidant status in
CKD. Paraoxonase-1 (PON-1) has recently known as one of reliable markers [116].
In contrast to other antioxidant markers especially, SOD and CAT, some studies
showed that PON-1 was diminished in CKD patients compared to the healthy control
[117]. Therefore, PON-1 might be a sensitive measurement of antioxidant status [81].

There was evidence showed that extra virgin olive oil had been particularly
effective in increasing PON-1 activity. It could be due to low saturated fatty acid
intake, oleic acid enrichment of phospholipids present in high-density lipoproteins
that favor the activity, and increasing hepatic PON-1 mRNA and protein expressions
induced by minor components present in this oil [118, 119]. There were some studies
showed that there was association between PON-1 and Mediterranean diet.
Mediterranean diet is based on the basics of healthy eating, such as eating fruits and
vegetables, whole grains, legumes and nuts, using olive oil, reducing red meat, and
replacing by fish and poultry. They also indicated compounds isolated from all
natural products, mainly phenolic compounds and carotenoids which were particularly
effective. This might enhance the use of nutraceuticals and functional foods capable
of potentiating PON-1 activity [119-121].

Beside some common markers for CKD patients, such as GPx, CAT, and
SOD, there are some novel markers of antioxidant for example TRX and PON-1.
However, these markers received less attention by the researchers. Results might be
hard to interpret due to a marker’s relationship to kidney disease has yet to be fully
elucidated or the marker’s activities or roles are not fully understood [81]. In which,
based on literature review, it is convinced that GPx is a more stable indicator of the
antioxidant marker than other markers, such as SOD and CAT. Moreover, PON-1 is
also a sensitive measurement of antioxidant in CKD patients and needs more
attention. Therefore, beside total antioxidant status, this study was conducted and
focused on GPx and PON-1.

2.10. Nutrition status and chronic Kidney disease

Uremic malnutrition is very common among CKD patients. Several studies
have established a correlation between malnutrition and poor clinical outcome. There
are some evidences to suggest that a poor pre-dialysis nutritional status increases

patient morbidity and mortality after beginning renal replacement therapy.
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2.10.1. Nutritional assessment

Current nutrition assessment and management in adult CKD patients relies
on analysis of biochemical parameters revealed by blood indices, including blood urea
nitrogen (BUN), creatinine, albumin, potassium, phosphorus, calcium, sodium,
cholesterol, triglycerides, and glucose. Other important components of the nutrition
assessment include anthropometric measurements for example body weight, height,
triceps skinfold, abdominal circumference, calf circumference, and midarm muscle
circumference. Physical and clinical evaluations, and food intake information are also
assessed. In this chapter, we will focus only on biochemical assessment and dietary
assessment.

2.10.1.1. Biochemical assessment
2.10.1.1.1. Blood urea nitrogen

Pre-dialysis blood urea nitrogen (BUN) concentration is highly associated
with dietary protein intake when patients are clinically stable. Thus, blood urea
nitrogen can be used to indirectly monitor the patient’s protein intake. Optimal BUN
values for adult dialysis patients are in the range of 60 to 80 mg/dL, whereas values
above 100 mg/dL suggest excessive dietary protein intake. Values below 60 mg/dL
suggest inadequate protein intake, anabolism, residual kidney function, or intense
dialysis [122].

2.10.1.1.2. Albumin

Albumin is most often used to assess visceral stores, likely reflecting the
wide availability of the albumin assay and the association between albumin and
clinical outcomes. Serum albumin is the most widely studied nutritional marker used
to assess nutritional status in all patient populations because of its availability and
strong association with hospitalization and risk of death [123]. Albumin, which
indicates serum proteins, is a one of biochemical parameter for nutrition status
assessment and has the relationship with body protein turnover in clinically stable
conditions. However, the abnormalities in serum protein synthesis may not be directly
related to nutrition status changing [124]. Low levels of serum albumin are highly
predictive of poor clinical outcomes in all stages of CKD. Thus, serum albumin is

considered a reliable marker of general clinical status [125]. However, serum
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albumin has a long half-life about 18 to 20 days, and it is often a late marker of
malnutrition. As known that prealbumin is more sensitive than albumin for
monitoring the early stage of malnutrition [25].

A twofold increase in the relative risk for death has been reported for
hemodialysis patients with serum albumin levels between 3.5 to 4.0 g/dL, compared
with those with levels of 4.0 to 4.5 g/dL, whereas patients with serum albumin
concentration of 2.5 g/dL may be at 20-fold higher risk for death [122].

Clinical guidelines recommend maintenance of a value of 4.0 g/dL or greater
for serum albumin in stage 5 CKD patients. Non-nutritional causes of
hypoalbuminemia, such as tissue injury, hepatic disease, gastrointestinal disorders,
and volume overload, can affect the specificity of this marker [126].

2.10.1.1.3. Serum creatinine

Low serum creatinine concentrations are associated with poor clinical
outcome for maintenance of stage 5 in CKD. Patients with serum creatinine
concentration less than 10 mg/dL should be evaluated for muscle wasting because of
poor nutrition. Need more info about creatinine, creatine, muscle wasting.

2.10.1.1.4. Cholesterol

Serum cholesterol concentration is an independent predictor of mortality in
chronic dialysis patients, and low levels can suggest low dietary and energy intake.
Serum cholesterol concentrations less than 150 mg/dL also permit careful evaluation
of nutritional status [25].

2.10.1.2. Dietary assessment

Obtaining patient-reported food intake is an important element of the
nutritional care of patients with CKD. Quantify food intake helps reveal sources of
problems related to food intake and tolerance, food habits, patterns, and
allergies. Dietary assessment include dietary recalls over short periods of time, such
as 24-hour recall, food records with or without supplementary dietary interviews,
conducted over short periods of time (3 to 7 days), and food frequency for longer

term, for example weeks to months [127].
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2.10.1.2.1. Dietary recall

Dietary recall is usually conducted by an experienced dietitian during a face
to face or telephone interview and concerns to the food intake during the day before,
which is during the entire 24 hours. The key strength of 24 hours recall is
convenience and rapidity and the fact the patients do not need to provide or prepare
records of diaries. Its main limitations are reliance and accurate on individual’s
memory, interviewer’s comprehensiveness, the effectiveness of their prompts, and the
accuracy of extrapolating 24 hours of dietary intake to a longer period [127, 128].
Taking dialysis patients for example, food intake pattern on dialysis and non-dialysis
days may be significantly different [129]. To overcome these limitations, several
recalls are took in order to yield more accurate averaged data [128].

2.10.1.2.2. Food record

Diet diaries and records give dietary information over several days, usually 3
or 7 days. Researchers may provide a booklet with color photographs showing small,
medium, or large portions and instructions to guide the details and types of
information to be reported [130]. Otherwise, household measures and standard units
are also used to describe amounts of foods consumed. This method’s advantages are
the expected real time recording of the food intake and the extended period of time
beyond 24 hours. Its disadvantages include varying instructions of patient
compliance, missing or inaccurate recordings of food items, and inability to capture

seasonal or other cycling variations in dietary pattern [127].

2.10.1.2.3. Food Frequency Questionnaire

In food frequency questionnaire (FFQ), dietary intake is estimated from a
self- or interviewer managed. The FFQ usually includes a large number of commonly
intake food items with multiple choices for the frequency of food, for example, once
or more a day to one a week or a month or less often. Food item questions may also
be associated with specified serving sizes, which might be natural portions or standard
weight. For each food item, the participants indicate their average frequency of
consumption over the past several months to years. The selected frequency category
for each food item is then converted to a daily intake value [130]. Recently, FFQ was
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found useful in evaluating the dietary intake of a cohort of hemodialysis patients
because of their advantages, such as convenience, large temporal catchment, then less
sensitivity to seasonal variations, relatively high reliability in ranking subjects across
each food item, and feasibility and low cost for large scale epidemiologic studies.
However, there are some limitations of FFQ which should be considered, for
example, lack of accuracy for estimation dietary intakes of individuals or small
groups of people, inadequate coverage to include all available food items, inclusion of
diverse varieties of a given food under one single food item question, and hence,

failure to capture significant differences among different food subtypes [127, 130].

2.10.1.3. Questionnaire validation
2.10.1.3.1. Importance of validity of questionnaire

Validity is the ability of an instrument to measure what it is intended to
measure. It is extent to which an empirical measure adequately reflects the real
meaning of the concept under consideration. Therefore, validity is importance
because it answer the question whether research use appropriate methods and
procedures [131].

2.10.1.3.2. Types of validity of questionnaires

There are many types of validity of questionnaires, such as content validity,
criterion validity, and construct validity. Content validity addresses the match
between test questions and the content or subject area they are intended to assess. This
concept of match is sometimes referred to as alignment, while the content or subject
area of the test may be referred to as a performance domain.

Criterion validity measure instrument successfully predict a specific
criterion. Criterion-related validity looks at the relationship between a test score and
an outcome. There are two types of criterion validity, which are predictive validity
and concurrent validity.

Construct validity refers to the degree to which a test or other measure
assesses the underlying theoretical construct that it is supposed to measure. Construct
validation requires the compilation of multiple sources of evidence. In order to

demonstrate construct validity, evidence that the test measures what it purports to
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measure as well as evidence that the test does not measure irrelevant attributes are
both required. These are referred to as convergent and discriminant validity [131].
2.10.1.3.3. Content validity index

Content validity index (CVI) is the degree to which an instrument has an
appropriate sample of items for construct being measured. There are two kinds of
CVI, which is the content validity index for items (I-CVI) and content validity index
for scale (S-CVI) [132]. In I-CVI, some studies recommended a minimum of three
experts, but more than 10 was probably unnecessary. Using 4-point scale was
suggested with several different labels along the item-rating continuum have appeared
in the literature. One of those labels was as follows: 1 is not relevant, 2 is somewhat
relevant, 3 is quite relevant, and 4 is highly relevant. Then, for each item, the I-CV1 is
computed as the number of experts giving a rating of either 3 or 4, divided by the total
number of experts. The I-CVI should be 1.00 when there are five or fewer judges.
When there are six or more judges, the standard can be relaxed, but I-CVIs are
recommended no lower than 0.78. The S-CVI is defined as ‘‘the proportion of items
given a rating of quite/very relevant by both raters involved’’ and ‘‘the proportion of
items given a rating of 3 or 4 by both raters involved’’. Many writers have indicated
that an S-CV1 of 0.80 or higher is acceptable. There are 2 types of S-CVI, which are
S-CVI/UA and S-CVI/Ave. The S-CVI/UA is a proportion of items on a scale that
achieves a relevance rating of 3 or 4 by all the experts while S-CVI/Ave is an average
of the I-CVIs for all items on the scale. The acceptability of S-CVI/Ave should be
more than 0.9 [132, 133].

2.10.2. Dietary antioxidant therapy and its effects on antioxidant status
There was evidence to suggest that the effect of antioxidant therapy differed
according to CKD stages, especially significant renal benefits for patients with CKD
stage 3 and stage 4, and kidney transplant patients. There was a significant decline in
the risk of ESRD, absolute reductions in serum creatinine levels, and improvements
creatinine clearance [134]. Many free-radical scavengers showed beneficial
antioxidant effects, such as vitamin E (a-tocopherol), vitamin C, -carotene, N-acetyl

cysteine, and coenzyme Q10 [6].
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2.10.2.1. Vitamin A

The intake of vitamin A was also found to be significantly less in severe
renal failure group as compared to moderate renal failure group and was significantly
less than the control group [13]. The daily average vitamin A intake was 208 pg
retinol per day and 190 pg retinol per day in moderate and severe renal failure groups,
respectively. These amounts were found to be quiet less than the recommendations for
healthy controls which remained the same for CKD patients [13]. The low levels of
plasma vitamin A might effect on the activity of the non-enzymatic antioxidant
defense system, hence, consequence for increased oxidative stress occurring in
chronic renal failure patients [135]. Therefore, it should be increased the vitamin A
intake in this population in order to balance the oxidative-antioxidative system.

2.10.2.2. Vitamin C

In the previous study, the vitamin C intake was calculated at an average of 36
mg per day in CKD patients. It was also observed that vitamin C deficiency might
occur with restricted potassium diets recommended for CKD patients [136]. As a
result of fruits and vegetables being rich source of potassium, the diets of renal failure
patients are restricted for potassium intake. Therefore, unmonitored restrictions might
decrease the intake of antioxidants from diet [136]. The health protection provided by
fruit and vegetables could increase through an combined reductive environment
transported by plant antioxidants of differing solubility in each of the tissue, cellular,
and macromolecular phases [137]. The DRI for vitamin C for pre-dialysis CKD
patients is same as that for normal adults [138].

2.10.2.3. Vitamin E

Vitamin E is considered as a scavenge free radicals by integrating into the
plasma membrane of cells, then preventing lipid peroxidation chain reactions.
Vitamin E supplements enhance a-tocopherol levels in cell plasma membranes to
prevent lipid peroxidation and resultant oxidative stress. The supplementation of
vitamin E is often accompanied with vitamin C because vitamin C has been shown to
assist in recycling vitamin E, thus increasing the anti-oxidant efficacy. One weakness
of a-tocopherol is that it takes several days of pretreatment to exhibit antioxidant

effects [139]. Supplementation of a-tocopherol in an ESRD may reduced the risk
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associated cardiovascular disease, decreased oxidative stress, and increased
erythrocyte antioxidants SOD, GPx and CAT [140].
2.10.2.4. Zinc

Zinc (Zn) is a trace element containing a strong antioxidant potential and
available in protein rich foods. Zinc is a powerful antioxidant as it is required for the
enzymes to catalyse vital oxidation reactions [141]. The richest dietary sources of Zn
are the organs and the flesh of mammals, fowl, fish, and crustaceans, and Zn fortified
foods, eggs, and dairy products [138]. Dietary zinc intake levels were also positively
correlated to serum zinc levels as well as antioxidant enzyme levels but inversely
correlated with malondialdehyde levels [13]. Therefore, low protein vegetarian CKD
diet might further has lower zinc content and is required careful planning by renal
dietitian. Supplementation with zinc may be recommended to achieve its
requirements. Zinc requirement from diet remains same for predialysis CKD patients

as that for normal persons [13, 138]

2.10.2.5. Selenium

Selenium (Se) is known as an integral structural component of the active site
of red blood cell GPx [102]. The effect of dietary Se intake on red blood cell GPx
appears and lasts about 100 — 120 days, closely matching to the life span of these
cells. It is suggested that Se is combined into the enzyme only during erythropoiesis
[142]. A study, investigating in Se-deficiency individuals, found that after Se
supplementation, it took 4 — 5 weeks for plasma GPx activity returned to normal
levels and 3 — 4 months for the red blood cell GPx to reach this effect [143].
Therefore, some studies also indicated that supplementation with selenium leads to an
increase in GPx activity in red cells, plasma, and other body fluids [100].

2.10.2.6. Omega-3
Omega-3 polyunsaturated fatty acids enhance endogenous antioxidant
defense systems, such as y-glutamylcysteinyl ligase and glutathione reductase [144].
In models of progressive renal fibrosis, kidney function, and structure were improved
using eicosapentanoic acid and docosahexanoic acid supplementation, with reduced
oxidative stress, inflammation, and tubulointerstitial fibrosis [145]. N-acetyl cysteine

(NAC) is an essential precursor of many endogenous antioxidants involving in the
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breakdown of peroxides. It replenishes intracellular glutathione stores, thus
diminishes oxidative stress. N-acetyl cysteine reduced kidney MDA levels in a

mouse model of diabetic nephropathy [146].
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CHAPTER 3

MATERIALS AND METHODOLOGY

3.1. Study design

This study was a cross-sectional study to measure and compare total
antioxidant status and markers of antioxidant activities in various stages of Thai pre-
dialysis CKD outpatients and control subjects. The data were collected in the
Metabolic clinic at Chulalongkorn Memorial hospital, Thailand. This study was also
approved by The Ethics Committee of Chulalongkorn Memorial hospital, Thailand.
(IRB No. 576/58)

3.2. Subjects

3.2.1. Sample size calculation

221 + Z1p)? 07

d2

Where
Zy2 1s the normal deviate at a level of significance (Z,, = 1.96 for 5% level if
significance)

Z,.p is the normal deviate at 1-$% power with % of type II error (Z1.5 = 1.64 at
95% statistical power)
d is difference of means between groups
¢ is the pooled standard deviation
o’ =[(n1— 1) X 6:® + (o — 1) X 62°]/(ny + Ny — 2)

[147]

Numbers of participants were calculated based on the levels of plasma GPx

found in 159 CKD patients (stage 1 to stage 5) and 30 healthy volunteers as a control

group from the previous study [8]. The mean and standard deviation values of plasma

GPx from six groups (one group of control and five groups of CKD patients) were

44.79 £+ 2.32 U/mL (control group), 39.46 + 2.33 U/mL (CKD stage 1), 33.92 + 2.95

U/mL (CKD stage 2), 28.85 = 2.71 U/mL (CKD stage 3), 23.09 £ 2.75 U/mL (CKD
stage 4), 20 +£2.51 U/mL (CKD stage 5), with p-value < 0.001.
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Based on calculation, the number of participants in each group was eight.
After adjusting for 20% dropping out rate by using formula n; = n/(1-d); with n = 8
and d = 0.2, the number of each was 10 persons per group.

3.2.2. Inclusion criteria

Patients enrolled into this study were pre-dialysis CKD outpatients at
Chulalongkorn Memorial hospital with these following criteria: age more than 18
years old and diagnosed as CKD patients by physicians. They were divided into 3
groups including stage 1&2, stage 3 and stage 4, based on estimated glomerular
filtration rate of CKD Epidemiology Collaboration (eGFR CKD-EPI) equation [17].
There were 4 stages of CKD including stage 1, stage 2, stage 3, and stage 4 with
eGFR more than 90, 60-89, 30-59, and 15-29 mL/min/1.73 m? surface area,
respectively, regardless of kidney damage [17]

For a control group, Thai healthy subjects with a normal eGFR and no
previous diagnosis of chronic kidney diseases were recruited. Both of the patient
group and the control group had to be able to cooperate in performing the food
frequency questionnaire and blood sampling after reading the information sheet and
signing the inform consent.

3.2.3. Exclusion criteria

Participants were excluded if they had one of some following criteria:
receiving dialysis therapy or renal transplantation, active infection, autoimmune
disease, malignancy, stroke, pregnancy and lactation, and liver dysfunction. Patients
who use antibacterial or anti-inflammation or immunosuppressant drugs, Thai or
Chinese herbs or dietary supplement were also excluded.

3.3. Questionnaire
3.3.1. Development of food frequency questionnaire:

A questionnaire was composed of three parts including general information,

patient’s history, and food frequency in the past three months as follow.

Part I: General information
General information was demographic characteristics including age, gender,

religion, living status, education, occupation, and salary. Also two risk factors of
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noncommunicable diseases such as smoking habits and alcohol consumption were

collected.

Part I1: Patient’s history

This part aimed to collect the information related to CKD complications and

co-diseases such as hypertension, diabetes, dyslipidemia, anemia, hyperkalemia,

osteoporosis, gout, and others.

Part I111: Food frequency questionnaire

Database from INMUCAL V3 program (INMUCAL- Nutrients V.3, Institute

of Nutrition, Mahidol university) were used for selecting food and food products to
be sources of antioxidants. This database categorized food and food products into
twelve food groups including meat, fish and egg; fruits; vegetable; cereals, legumes
and starchy vegetable; milk and dairy products; fat and oil; condiment and
seasoning; sweet, bakery and snacks; beverage; appetizer and local dishes; fast food,;
and medical food. Food items containing at least one of five antioxidant
micronutrients including vitamin A, vitamin C, vitamin E, zinc, and selenium at
levels of equal and more than 15% of average Thai-Dietary Reference Intake (Thai
DRI) from male and female at age of equal and more than 19 years old [148] were
selected for preparing food frequency tables (Appendix I). This study categorize
food items contains antioxidant micronutrient 15 - 29% and > 30% of average Thai-
DRI as good source and excellent source of antioxidants, respectively (Table 3.1)
based on the concept of establishing Thai Recommended Daily Intakes for Thais
ages of 6 years and up (Thai RDI) (Notification of the Ministry of Public Health,
1998) [149]. Finally, one hundred and sixty items of food and food products
containing one or more antioxidant micronutrients were used to create lists of food
choices in the food frequency questionnaires. Frequencies of food intake over the
past 3 months were divided into six levels including never or less than once per
month, 1-3 times per month, once a week, 2-4 times per week, 5-6 times per week,
and every day (Appendix V).



38

Table 3.1 Thai dietary reference intake (Thai DRI) of some micronutrients for

male and female at the age of 19 years old and above [148]

Thai dietary recommendation intake (Thai DRI)

Micronutrients
Female | Male | Average | 150 Thai DRI | 30% Thai DRI
Vitamin A (RAE?) 600 700 650 97.5 195
Vitamin C (mg) 75 90 82.5 12.37 24.75
Vitamin E (mg?) 15 15 15 2.25 4.5
Zinc (mg) ! 13 10 15 3.0
Selenium (pg) 55 55 55 8.25 16.5

! 1 Retinol activity equivalent (RAE) = 1 pg retinol, 12 ug p-carotene, 24 ug o-

carotene, or 24 pg B-cryptoxanthin
2 1 o-tocopherol equivalent (TE) = 1 mg D- a-tocopherol = 1.5 |U [149]

3.3.2. Questionnaire validation

A questionnaire was validated by computing content validity index (CVI)
based on experts’ ratings of item relevance. All questions in three parts of the
questionnaire were used to create an evaluation form (Appendix Il) for three experts
in the field of nutrition and dietetics to evaluate. Experts were asked to rate the
relevance of each question and its objective by a 4-point scale: not relevant (score 1),
somewhat relevant (score 2), quite relevant (score 3), and highly relevant (score 4).
The Item-level CVI (I-CVI) values were computed from rating scores of each
question and each food item by calculating the proportion in agreement of experts
giving a rating of either score 3 or score 4 to all three experts (Appendix I11). Food
items with an I-CVI of approximately 0.8 or higher were considered as good content
validation [132, 133]. In this case, if only one expert did not agree with any items, the

questionnaire will be revised and returned to the experts to evaluate again.
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3.3.3. Data collection and food frequency questionnaire analysis

After reading the information sheet and signing the inform consent, all CKD
patients and healthy subjects were interviewed by using the food frequency
questionnaire as mentioned above.

3.3.3.1. Frequency of food intake per week scores

The frequencies of food intake in each food item were transformed to the
frequencies of food intake per week scores (FFW,). The scores were the average time
that each food item consumed per week, such as score “0” for never or less than once
a month, score “0.5” for 1-3 times per month (average time per month = 2 then,
divided by 4 week = 0.5 per week), score “1” for once a week, score “3” for 2-4 times
per week, score “5.5” for 5-6 times per week, and score “7” for every day. Each
FFW, score indicated average time per week of food consumption in each food item
containing high antioxidant micronutrients (> 30% of average Thai DRI). The FFWg
scores for each of twelve food groups were calculated from the FFW, scores of all
food items in each group and presented as mean = SEM.

3.3.3.2. Food pattern scores

Food pattern scores were made from principal components analysis (PCA),
which was used for producing the new variables from weekly frequency of food items
consumption (FFW,) (APPENDIX VII). In the other word, food pattern score is the
weekly frequency of food groups (FFWg). Principal components analysis is a
procedure for identifying a smaller number of uncorrelated variables, called "principal
components”, from a large set of data. The goal of principal components analysis is to
explain the maximum amount of variance with the fewest number of principal
components [13].

3.4. Determination Anthropometry

Body mass index (BMI): Body weight (in kilograms) and height (in meters)
were measured. BMI was calculated as followed formula [150]:

BMI = Body weight (kg) / Height squared (m?) ]

Waist to hip ratio: Waist circumference (in centimeters) and hip

circumference (in centimeters) were also assessed with a non-stretchable tape
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measure. Waist circumference was measured 1 inch above navel. According to the
National Institute of Diabetes, Digestive and Kidney Diseases (NIDDK), women
with a waist-to-hip ratio (WH ratio) of less than 0.8 and men with a ratio of less than
0.9 are considered healthy [150].

Mid-arm muscle circumference: Mid-arm circumference (MAC) (in
centimeters) and skinfold thickness of triceps (in millimeters) were performed on the
participant’s left arm. Mid-arm muscle circumference (MAMC) was calculated using
the following formula[150]:

[ MAMC (cm) = MAC (cm) — [0.314 x triceps skinfold thickness (cm)]

Body composition: Muscle (kilogram), total body fat (%), visceral fat (%),
total body water (%) bone (kilogram), and basal metabolic rate (BMR; kilocalorie)
were assessed by bioelectrical impedance analysis (BIA) (Tanita Corporation, Tokyo,
Japan).

3.5. Clinical examination

Vital sign: Heart rate and blood pressure (BP) were also measured. Patients
seated quietly for at least five minutes in a chair with their backs supported and their
arms bared and supported at heart level [1]. Hybrid sphygmomanometers were used
to measure blood pressure at arm position and blood pressure is recorded from the
brachial artery by placing a cuff around the upper arm and inflating to above systolic
pressure block the brachial artery. Systolic pressure and diastolic pressure were
recorded. Reading blood pressure by auscultation is considered the gold standard by
the Heart, Lung and Blood Institute of the NIH [151].

Table 3.2 Classification of hypertension [151]

Blood pressure Classification Systolic BP (mm Hg)  Diastolic BP (mm Hg)

Normal <120 <80
Prehypertensive 120-139 80-89
Stage 1 hypertension 140-159 90-99

Stage 2 hypertension > 160 > 100
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3.6. Determination of blood biochemistry
3.6.1. Blood sampling

Blood samples were collected from CKD patients and healthy volunteers for
measurement of biochemical parameters, oxidative and antioxidant markers by
venipuncture into polypropylene tubes containing EDTA or heparin (3 mL in EDTA
tubes for investigation of MDA, 5 mL in heparin tubes for the TAS, GPx and PON-1
investigation). Plasma was separated from red blood cells by centrifugation at 2,000
rpm for 10 minutes at 4°C and stored at —20°C until analysis [8].

3.6.2. Biochemical parameters

Hemoglobin (Hb), fasting blood sugar, blood urea nitrogen (BUN),
creatinine, albumin, uric acid, and lipid profiles including total cholesterol,
triglycerides, low-density lipoprotein (LDL) cholesterol, and high-density lipoprotein
(HDL) cholesterol were measured and undertaken at a Central laboratory,
Chulalongkorn Memorial hospital.

3.7. Determination of plasma malondialdehyde by high-performance liquid
chromatography

Chemicals

Chemicals and reagents included included 1,1,3,3-tetraethoxypropane (TEP),
trichloroacetic acid (TCA), 2-thiobarbituric acid (TBA), butylated hydroxytoluence
(BHT), methanol (HPLC grade), absolute ethanol, and potassium phosphate, were
obtained from Sigma-Aldrich Co. Ltd, USA.

Materials

Some glassware, which need to prepare were beakers, cylinders, flasks,
duran bottles. Other materials and equipment including magnetic stirrers, automatic
pipette and tips, solvent filters, filtration paper, water bath, and high-performance
liquid chromatography (HPLC) were used in this experiment.

Preparation of MDA standards

Stock standard solutions of 10 mM TEP were prepared and diluted to the
concentration of 100 uM for making the working standard solutions of 0.25, 0.5, 0.75,

1 in absolute ethanol with ratio 400 mL/L. Four concentrations of TEP working
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standard solutions were used to generate the standard curve. All solution preparation
for MDA assay were presented in Appendix V.

Sample preparation and assay procedure

Plasma MDA, an oxidative stress marker of lipid oxidation, was measured by
modified  high-performance  liquid  chromatography = (HPLC)  method.
Malondialdehyde (MDA)-(TBA), adduct was separated from other interfering
compounds. Two hundred fifty microliters of plasma or TEP standard solutions in
ethanol were treated with 25 puL of 0.2% BHT (in absolute ethanol), followed by
addition of 1 mL 5% TCA (aqueous), then vortexed, and centrifuged at 2,000 rpm for
10 minutes. Then, the 700 uL of deproteinized supernatant were added into 500 uL
of 0.6% TBA (aqueous), vortexed, and then reacted in water bath at 90°C for 45
minutes. After cooling at 4°C, a final centrifugation at 2,000 rpm for 10 minutes was
performed and an aliquot was filtrated before injected into HPLC (LC-20A, Shimazu,
Kyoto, Japan) using the mixture of methanol and potassium phosphate buffer (45:55)
as the mobile phase and a reverse-phase Inertsustain C18 column (GL Sciences,
Tokyo, Japan) as the stationary phase. The condition for HPLC as follows: ejection
volume 20 pL, flow rate 1 mL/min, running time 12 min, visible detector at
wavelength 532 nm. Mean peak area was determined for each sample run in
duplicate. The MDA levels were calculated directly from the calibration curve of TEP
standards and reported in uM. [70].

3.8. Determination of antioxidant markers
3.8.1. Determination of total antioxidant status

Chemicals and reagents

Total antioxidant status test kits were obtained from Randox Laboratories
Ltd, Ardmore, UK. A test kit was composed of phosphate buffered saline, chromogen:
Metmyoglobin, ABTS®, substrate: hydrogen peroxide (in stabilised form), standard:
6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid.

Materials

Some glassware, which need to prepare were beakers, cylinders, flasks,
duran bottles, test tubes. Other materials and equipment including magnetic stirrers,

automatic pipette and tips, and spectrophotometer were used in this experiment.
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Sample preparation and assay procedure

Plasma TAS levels were estimated by means of a quantitative
chromatometric method using commercial test kits (Randox Laboratories Ltd,
Ardmore, UK) [12]. The principle of this assay was that ABTS® (2, 2’-Azino-di-[3-
ethylbenzthiazoline sulphonate]) was incubated with a peroxidase (metmyoglobin)
and hyperoxidase (H202) to produce the radical cation ABTS®*+. From this
reaction, a stable blue-green color was produced, which was measured at wavelength
600 nm. Antioxidants in the added sample cause suppression of this color production
to a degree, which was proportional to their concentration.

Each of 20 pL of plasma or 6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid (standard) or distilled water (reagent blank) were added into 1 mL of
chromogen, mixed well, incubated to bring to 370C, and read the initial absorbance
(A1) by spectrophotometer (Humalyzer 3000, Human, Germany) at wavelength 600
nm. Then each of 200 uL of hydrogen peroxide substrate was added into test tubes,
containing samples, standard, or reagent blank, and mixed well. After adding the
substrate, the sample was measured absorbance after exactly 3 minutes (A2). This
step was required to perform one sample at a time. Total antioxidant status was

calculated as follows.

4 A2 - A1 = AA of sample/standard/blank N

Concentration of standard
(AA blank— AA standard)

Factor =

TAS (mmol/l) = Factor x (AA Blank - AA Sample)

- /

3.8.2. Determination of glutathione peroxidase activities

Chemicals and reagents

Glutathione peroxidase test kits (Ransel kits) were obtained from Randox
Laboratories Ltd, Ardmore, UK. A test kit was composed of reagent: glutathione,
glutathione reductase, NADPH, buffer: Phosphate buffer and EDTA, cumence
hydroperoxide, and diluting agent.
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Materials

Some glassware, which need to prepare were beakers, cylinders, flasks,
duran bottles, test tubes. Other materials and equipment including magnetic stirrers,
automatic pipette and tips, and spectrophotometer were used in this experiment.

Sample preparation and assay procedure

Glutathione peroxidase (GPx) activities in plasma and in erythrocytes were
measured using a commercially available kit (Ransel; Randox Laboratories Ltd,
Ardmore, UK) using spectrophotometer (Humalyzer 3000, Human, Germany) at
absorbance 340 nm. The principle of this assay was that GPx catalyzes the oxidation
of glutathione by cumene hydroperoxide. In the presence of glutathione reductase and
NADPH the oxidized glutathione is immediately converted to the reduced form with a
concomitant oxidation of NADPH to NADP+. Plasma GPx activity was measured in
plasma, and red blood cell GPx (RBC GPx) activity was measured in whole blood,
then converted into unit/ mg Hemoglobin.

Each of 20 puL of sample or distilled water (for reagent blank) was added into
1 mL of reagent and 40 uL of cumene hydroperoxide, mix and read the initial
absorbance of sample and reagent blank after 1 minute and then read again 2 minute
after adding reagent and cumene. The activity unit of plasma GPx was expressed as
pmol NADPH oxidized per minute per liter of plasma, and the activity unit of RBC
GPx was expressed as umol NADPH oxidized per minute per gram of hemoglobin

[117]. GPx was calculated as follows.

[ Plasma GPx (U/L) = 8412 x AA of plasma/ min
Whole blood GPx (U/L) = 8412 x AA of whole blood/ min
Subtraction WB GPx = (Whole blood GPx - blank) x Dilution factor
Subtraction WB GPx (U/L)
RBC GPx =

10+« Hemoglobin (g/dL)
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3.8.3. Determination of paraoxonase 1

Chemicals and reagents

All chemicals and reagents including paraoxon, sodium chloride (NaCl), and
calcium chloride (CaCl2) were obtained from Sigma-Aldrich Co. Ltd, USA.

Materials

Some glassware, which need to prepare were beakers, cylinders, flasks,
duran bottles, test tubes. Other materials and equipment including magnetic stirrers,
automatic pipette and tips, and spectrophotometer were used in this experiment.

Sample preparation and assay procedure

The PON assay was performed using paraoxon as the substrate according to
Furlong et al. [152]. Plasma was thawed at room temperature before used. Each of
760 uL of paraoxon assay buffer, which contained 2.63 M NaCl and 1.32 mM CaCl2
in 132 mM Tris Buffer (pH 8.5), was added to 40 pL of thawed plasma. The assay
reaction was initiated by the addition of 200 pL of 6.0 mM freshly prepared paraoxon
substrate solution at 37°C. The activity of PON was assayed by monitoring the
formation of p-nitrophenol at the wavelength 405 nm. The absorbance was monitored
continuously for 2 minutes. All solution preparation for PON-1 assay were presented

in Appendix VI.

3.9. Statistical analysis

Some data from questionnaire part | and part Il were expressed as frequency
and percentage for categorical variables. Chi-square or Fisher exact tests were used to
compare the significant differences among categorical variables.

Continuous variables were test for distribution by Shapiro-Wilk test. Data
were expressed as mean = SD if there were normal distribution or median and range
for the non-normal distribution data. Non-normal distribution variables including
systolic blood pressure, height, weight, BMI, waist, hip, water, bone, BMR, muscle,
MAMC, creatinine, eGFR, BUN, uric acid, HDL, triglyceride, FBG, RBC GPx, MDA
were transformed to normality using a logarithm transformation before further
statistical analysis.

In order to investigate whether there were the confounding factors that might

affect oxidative stress and antioxidant markers, multiple regression between these
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markers and age or some biochemical parameters were presented in CKD patients and
control groups (Table 4.12 and Table 4.13).

Oneway ANOVA and post-hoc tests were used to compare means among
groups when variables were normal distribution. Kruskal Wallis test was used to
compare means among groups when variables were non-normal distribution. Tukey’s
test was used for multiple comparisons among the control group and CKD patient
groups at significant level of 0.05 (p < 0.05).

Principal components analysis (PCA) was used for create food pattern scores
(FP scores) by producing the new variables from weekly frequency of food
consumption (FFW,). Principal components analysis is a procedure for identifying a
smaller number of uncorrelated variables, called "principal components”, from a large
set of data. The goal of principal components analysis is to explain the maximum
amount of variance with the fewest number of principal components [13]. Food
pattern scores (FP scores) were expressed as mean + SEM.

The correlations between oxidative stress (plasma MDA) or antioxidants
markers (TAS, GPx, PON-1) with biochemical parameters or dietary food pattern (FP
scores) were examined by using Spearman’s coefficient for nonparametric data such
as correlation of MDA, TAS, GPx, or PON-1 with FP scores of each food group.
Correlation was considered statistically significant at p < 0.05. Statistical analysis was
performed using Stata 10 (StataCorp, USA).
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After a questionnaire was validated based on the Item-level CVI (I-CVI)

values computed from rating scores of each question and each food item by

calculating the proportion in agreement of experts giving a rating of either score 3 or

score 4 to all three experts as shown in Table 4.1 to Table 4.6 and Appendix Ill. Food

items with an I-CVI1 of approximately 0.8 or higher were considered as good content

validation [132, 133].

Table 4.1 The content validity index of the food frequency questionnaire: Meat,
fish, aquatic, egg and products

Question 1: Did you eat Meat/ Fish and Aquatic/ Egg and products? swsubszmusmanitedas dauazemamziali

n3ohi?
Food items I-CVI Food items I-CVI

06040 | Beef meat \ifo ey 0.7 07060 | Cockle / Ark shell, 1RUUATY 8N 1
medium fat blanched

06042 | Beef meat lean o2 i 1 07062 | Mussel green, dried vioouuasguia 1

06053 | Pork spare ribs Fnsany 1 07073 | Black pomfret anzazidiad 1
(Fat 14.7%)

06068 | Pork loin (Fat Lf‘zawmﬁuuﬂﬂ (lusiu 1 07083 | Jellyfish, dried, salted 1INATENGY 1
7.7%) 7.7%) i

06069 | Pork tenderloin | ifonydulu myifo 1 07116 | Crab mud/mangrove dornzia 1
(Fat 3.2%) una (lusii 3.2%) meat

06095 | Chicken wing, ln'lnnea 1 07200 | Fish salmon atlantic Pawwaneu 1
fried farmed, raw

06165 | Beef meat iileameauaaiion 1 08023 | Finfish roe mixed T (nde) 1
sundried, fried (@) species

07001 | Shrimp sea fangi nldenyn 1 08004 | Duck egg, whole Tirfla sarlog 1

W
07003 | Shrimp common | #ufia @udn) 1 08006 | Duck egg, salted il i 1
07041 | Squid splendid Jamiinndae / wiln 1 08011 | Hen egg, whole 1A Warlea 1

raon




48

Table 4.2 The content validity index of the food frequency questionnaire: Fruits
and vegetables

Question 2: Did you eat Fruits? snsulszmunaliviehi?

Food items 1-CVI Food items 1-CVI
05002 | Banana (Namwa nérenhh du 1 05059 | Kalanchoe Hidu i 1
variety), unripe
05008 | Rambutan g 1 05061 | Tangelo/ Fudisaanu 1
Tangerine /
Mandarin
05009 | Rose apple, green | auy @oo 1 05066 | Cantaloupe #ule 1
05012 Durian nﬁauwmuﬂm 1 05079 Persimmon, dried lmumgﬂ 1
05015 | Guava common iia 1 05082 | Strawberry QNEY uia 1
05016 | Jujube apple M 1 05096 | Mango, ripe ansoIeis 1
05042 | Papaya, ripe uzazne gn 1 05098 | Mango, unripe uziaNeId 40 1
05049 | Longan 'l 1 05107 | Cherries eating, wziadisuee au 1
raw
05050 | Santol naziou 1 05123 | Kiwi fruit 1053 1
05056 | Litchi M 1 05157 | Longkong fF] 1
Question 3: Did you eat Vegetables? swSulszmudnniehi?
Food items I-CVI Food items I-CVI
04002 | Horse tamarind, n3ziu geasoY 1 04070 | Water mimosa finnszing 1
tender tips
04005 | Cauliflower nznanen . 04077 | Mustard green fnmaidion 1
stem and leaves
04009 | Cabbage nguanl? 1 04081 | Kale Chinese fnnzth 1
04010 | Okra (lady's nszisouneyy fn 04082 | Celery fndus /Fu 1
finger), young gou
pods
04011 | Garlic flowers AvnNIzLioN 1 04087 | Ivygourd findhaa 1
04023 | Cassia leaves midin 1 04092 | Thai water Antfalne duuaa 1
morning glory red
stem
04025 | Sesbania flowers | aonun 1 04106 | Chilli pepper Winuean 1
04027 | Acacia pennata ¥Zou 1 04109 | Gourd wax Mndien 1
04035 | Mungbean sprout | daon 1 04114 | Gourd bitter ugsT veABOU 1
young leaves
04040 | Yard long bean e fu 1 04117 | Egg plant wzon 1
green, boiled
04042 | Wing bean pods o 1 05062 | Pomelo &ule 1
04044 | Garden peas pods | dadum fnsou 1 05066 | Cantaloupe uauagy 1
04050 | Holy basil leaves | lunzmn 1 05079 | Persimmon, dried | gawdu uis 1
04051 | Crawdaisy leaves | lugald 1 05082 | Strawberry anToleil 1
04052 | Indian penny wort | lufun 1 05096 | Mango, ripe uzahanesd gn 1
leaves
04059 | Tiliacoratriandra | lugwna 1 05098 | Mango, unripe wzihaduae au 1
Diels
04061 | Gourd sponge wIwmen / uiunaw 1 05107 | Cherries eating, w33 1
round raw
04063 | Mint leaves Tuazszumi 1 05123 | Kiwi fruit fF] 1
04065 | Sweet basil leaves | luInszmn 1 05157 | Longkong a0IND3 1
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Question 4: Did you eat Cereals and legumes/ starchy vegetables? vsudssmudna/ulla/sayitsnselsi?

Food items 1-CVI Food items 1-CVI
01007 | Biscuits plain / yuuilsiiana 0 03005 | Sesame seeds, Q@ vio v dy 1
Buttermilk s3suan / auuils white and black
commercially son
baked
01008 | Bread white sliced | wvuuils ¥12 usin 1 03016 | Cowpea seeds, fad wiaa e 1
black color, dried
01035 | Job's tear whole qnifiey 1 03021 | Peanut, boiled ddaa du 1
seeds
01043 | Corn flakes 1 Ina wivew 1 03024 | Mung bean dver wita uie 1
'(:Kelipgg‘s nsou / Aowvan
rosties a2
Supercharged) naoung
01045 | Macaroni, Vinng 15t du 1 03027 | Soybean seeds, dandes wita i 1
cooked, unenrich dried
01048 | Bread whole vuwilaleain 1 03029 | Rice bean seeds, funa wia wda 1
wheat dried
01056 | Rice whole grain Srudndes i 1 03030 | Pigeonpea dusz wAnoou da 1
milled by immature seeds,
machine, steamed fresh
01127 | Cereal soy based Sy saRad 1 03033 | Lotus seeds, dried | wémia uia 1
supplementary iwsosAud 3ol
food (NesVita s
brand)
02005 | Potato TR 1 03037 | Cashew nut, fried | waauzsiaa iy 1
UG oA
02008 | Cassava udnlewds 1 03050 | Ginkgo seeds, uflzfe Gu 1
whole
02026 | Arrow roots, Mg 1 03053 | Sunflower seeds, waanuag Su uia 1
white dry, roasted Hlildinde
without salt
02030 | Lotus root, raw 1M : 03077 | Almonds dry wiasaneud A 1d 1
roasted with salt \nde
added
03002 | Chinese chestnut ALCE 1
Question 5: Did you eat Milk and dairy products? swmamiesulszmunaasamiomamiels?
Food items 1-CVI Food items I-CVI
09002 | Milk condensed wadunau 1 09081 | Milk powdered, WURIATING 1
sweetened Bear brand (plain)
09009 | Milk powdered, uuRa tandy 1 09082 | Milk powder R naiuue 1
full cream defatted, high unadoua
calcium (Anlene) i
09037 | Cheese, Cheddar weud wans 1 09087 | Milk powder UUHINT D UILY 1
reduced fat eI LIETY
09050 | Milk powdered, UNAATIND] 1 09096 | Milk tablet, sweet | swljaudssenau 1

Bear brand
(yellow)

a
FUANA
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Table 4.4 The content validity index of the food frequency questionnaire: Fat,
oils, condiment, seasoning, sweet, bakery, snacks and ice cream

Question 6: Did you eat Fat and 0ils? sind¥iinu/uelumsisznevenmswielsi?

Food items I-CVI Food items I-CVI
10003 | Peanut oil duudaas 1 10026 | Shortening bread yonunuiis vl 1
soybean dufudamdes uazth
(hydrogenated)
and cottonseed
10008 | Butter, salted eaa 1fy 1 10029 | Shortening gommuiiy aouulndu | 0.3
confectionery ufs ksndaim i
fractionated palm | |
10021 | Olive oil salad or | sfwuznen 1 10032 | Cream whipped, Sulilaritu 0.7
cooking cream topping,
10024 | Rice bran oil Yulisrdn 1 pressurized
Question 7: Did you eat Condiment and seasoning? smudmaiealyasavielimisandumsiszneuormaniehi?
Food items I-CVI Food items I-CVI
12003 | Shrimp paste, nzlds faniwd 1 12042 | Chilli bird ground | v&nimy i 1
fermented, first
class quality /
Kapi (Thai)
12005 | Tomato ketchup weduzoms / 1 12058 | Coriander seeds % wia 1
uaANFY
12013 | Curry paste, red dEnunaung 1 12059 | Coriander root fin% 10 1
12015 | Curry powder HaNZHY 1 12073 | Soup, chicken qlug 3218 0.7
broth or bouillon,
dry
12030 | Bitter orange Augnga 1 12077 | Garlic, deep fried nyziouiter nsou 0.3
peels Ui
12033 | Garlic, dried bulbs | nszidiew 1 1 12082 | Soup, beef broth or | aalna et 0.7
bouillon, powder,
dry
12036 | Bitter orange; Tuugnga Aeutha 1 12083 | Soup instant, pork | plfeuilys 0.7
leech leaves, A / chicken broth, ot vin /6
semidried cube, dry (Knor i
12038 | Cumin/ Yeera, i 1 brand)
seeds
Question 8: Did you eat Sweet/ Bakery/ Snacks/ Ice cream? shwsuszmuveswans wimed ewnshanieleantumiehi?
Food items I-CVI Food items I-CVI
09100 | Ice creams vanilla | ‘lesruniian 0.3 18101 | Gold threads egg rlomes 0.7
yolk strained in
heavy syrup /
Foithong (Thai)
18005 | Karipubsaichem neirii)1éiu 0.3 18133 | Roti with sweet Tsalsounthunnzihana 0.7
(Thai) condented milk Nilaly
and sugar
18017 | Bread magarine, yuwlimnniiulse 0.3 18170 | Cream puffs, ouns ldasun 0.7
toast Hena prepared from
recipe, shell, with
custard filling
18025 | KanomPia (black | wuuiluz1ddadn 0.3 01129 | Doughnuts Tonin 1&ndy 0.7
bean) (Thai) yeastleavened
with cream filling
18027 | Peanut bake / drouTdun 0.3 18114 | Egg custard, wunvidiounala 0.7
Khokhea (Thai) baked
18073 | Kanombali (Thai) | vuwma 0.7 18121 | Native melon in ngiiuadlng 0.7
coconut milk
18097 | Egg yolk sheeted neandy 0.7

in heavy syrup
cupped




Table 4.5 The content validity index of the food frequency questionnaire:
Beverages, appetizer, and local dishes

o1

Question 9: Did you drink Beverages? wwasmimau dwaliniomniesauniohiz

Food items 1-CVI Food items I-CVI

14002 | Orange juice Vhdu 1 14096 | Tomato Juice with | duzdemaneauh 1

Mixed Fruit Juice | ;a1 60% (@31
60% (Malee ua self plus)
brand)
14030 | Passion fruit juice | vhamsasm 1 14098 | Red Apple red Yuevidauaa 100% 1
Juice 100% (@51 Tesco)
(Tesco brand)

14055 | Chocolate irsesdusadon Tn 1 14099 | Grape red Juice Hroguuna 100% 1
flavoured drink 3 uad wa Aed3agal 3 100% (Tesco (9131 Tesco)
in 1 instant o1 @t : brand)
powder mix (Milo
brand)

14087 | Guava Juice 100% | vil%s 100% unaidon 1 14101 | Pomegranate dniuiin 100% (31 1
UHT 4 UHT (A519087) Juice 100% Tipco)

(Tipco brand)

14091 | Strawberry Juice dhansoweds 100% 1 14110 | Carrot with mixed | vhunsonnaunals 1
100% UHT UHT (A35190871) fruit jUice 100% 391 100% (231 Unif
(DoiKhum brand) (Unif brand) )

14095 | Pineapple Juice dhdunlean 100% 1 14124 | Soymilk, Cereal uusnAea e 1
100% (Malee (A3 13) Flavour M TAYINIT 5
brand) wiia

Question 10: Did you eat Appetizer or local dishes? #nsulssmuemshamionngermafosdunielsi?

Food items 1-CVI Food items I-CVI

16004 | Wide rice noodles ﬁamé}zmgﬁu‘lmjﬁﬂ 0.7 16098 Bun steamed, red aamh Téyuag 1
with pork, egg and | 58,1414 pork filled
soysauce

16009 | Rice with shrimp d1ngangdl 0.7 16123 | Spring roll, deep Yoiloznon 1
paste fried

16010 | Rice fried with dafanylaly 0.7 | 17020 | Mashed fresh uiiEnan 1
pork, vegetable chilli mixed with
and egg condiments

16043 | Noodle sheets fusu 1 17036 | Unripe mango fuzaie@y 1
soup with meat salad
and tofu

16049 | Southern style rice | #1sulnild 1 17064 | Saute Chinese Farinifadu 0.3
salad : rice with water morning
assorted glory
vegetables served
with southern fish
sauce

16073 | Rice noodles, big | @ulug my th 0.7 | 17065 | Saute mungbean dafudulalvla 1
size with pork and noodle and hen
soup egg

16076 | Macaroni fried fasinng 151l ny 0.7 | 17076 | Meat salad, anifo 1
with pork Northeastern style

16082 | Crab and ground nosdonen 1 17079 | Green papaya fuzazne 1
pork wrapped salad

with tofu skin
fried
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Table 4.6 The content validity index of the food frequency questionnaire: Fast
foods, medical foods

Question 11: Did you eat Fast food? vwsulszmuemnsvhiaila (evinseuaau) niehi?

Food items I-CVI Food items I-CVI
16023 | Pizza, supreme wiggrgvizn (s | 0.3 16110 | Croissants butter AFI0 1Y 0.3
(Pizza Hut) )
16040 | Sandwich with umAnpih 0.3 16118 | Chicken broilers, | 'd veq iife wifs qu | 0.3
tuna fish drumstick, fried iflanen
flour
16093 | Sanwich, pork and | wauds ldmmees | 0.3 16122 | Chicken breaded 18 hitinszgn quudle| 0.3
ham shreede N and fried, vunilinea
chinese style filled boneless pieces
plain
16107 | Rice sausage pork | 'l&nsondnfiuydu | 0.3 16183 | WENDY'S Jr. naueimes laifl 0.3
mixed, grilled (Fat | 4 (pa 19.30%) Hamburger s
19.3%) without cheese
Question 12: Did you eat Medical food? swildsuermsmamsunméiianiamie’si?
Food items I-CVI Food items I-CVI
22001 | Nutren Optimum fiunsu eovlAy il 22013 | Blendera wawaes (wiia 1
(powder) (powder) )
22002 | Nutren Balance sy v 1 22014 | Glucerna SR ngEew 19Fe15 1
(powder) (powder)
22003 | Nutren Fibre sy Wwed 1 22015 | Ensure FOS outhy ewlewa 1
(powder) (powder) seafian rhihidu
22010 | GenDM (powder) | dudie 1 22018 | Nepro (liquid per | na/lds aiiath wdon 1
100 mL) A miae wa.

4.2. Characteristic data

After subject enrollment, the number of final participants satisfied the

inclusive and exclusive criteria for further analysis was 13, 8, 15 and 10 people in the

control group, stage 1&2, stage 3 and stage 4 CKD patients, respectively.

Generally, there were no significant differences of demographic variables,

such as gender, religion, living status, education, and salary among stage 1&2, stage
3, stage 4 CKD patients and control subjects. However, the mean ages of stage 3 and
stage 4 CKD patients was significantly higher than the control groups (p <0.001).
(Table 4.7)

It was obvious that hypertension was the highest co-disease in CKD patients
approximately 50% for all CKD groups, followed by diabetes and dyslipidemia.
Diabetes was the secondary co-disease found 37.5% in stage 1&2 and 40% in stage 4
CKD groups, while the percentage of diabetes in stage 3 group was 13.3%.
Dyslipidemia was 25%, 20.0%, and 30% in stage 1&2, stage 3, and stage 4,
respectively. (Figure 4.1 and Table 4.8)
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Table 4.7 Characteristics of CKD patients and control subjects

Characteristics Control Stage 1&2 Stage 3 Stage 4 p-value
Number of subjects 13 8 15 10
Gender
Male 3(23.1) 3(37.5) 11 (73.3) 5 (50.0) 0.06
Female 10 (76.9) 5 (62.5) 4 (26.7) 5 (50.0) '
Age (years old)” 419+ 118 554+158" 645+146° 642+123% <0.001
Heart rate” 75.9+8.7 77455 71.5+13.1  809+119 0.19
ﬁry(fsflﬂ'r% plood 118 lad o 10 142 <0001
(mmHg)' (100- 127)* (120 —149)*® (117 -156)° (117 —155)
Dol tiood @ s
(mmHg)" (56 —91) (76 — 86) (56 — 104) (60 —92)
Religion
Buddhism 13 (100) 8 (100) 14 (93.3) 10 (100) 10
Christianity 0 0 1(6.7) 0 '
Living
Alone 5(38.5) 2 (25.0) 3(20.0) 4 (40.0) 0.48
With family 8 (61.5) 6 (75.0) 12 (80.0) 6 (60.0) '
Education
Never study 0 0 3(20.0) 1(10.0)
Primary 2 (15.4) 1(12.5) 2 (20.0)
Secondary 1(7.7) 0 1(6.7) 1(10.0) 0.66
High school 0 0 2 (13.3) 0 '
Bachelor 5(30.8) 3(37.5) 5(33.3) 4 (40.0)
Post-graduate 6 (46.1) 4 (50.0) 4 (26.7) 2 (20.0)
Salary
< 9000 baht 2 (15.4) 1(12.5) 6 (40.0) 4 (40.0)
NONSEREAE Ye.c kY 0 0 1(100) 023
>13000 baht 9 (61.5) 7 (87.5) 9 (60.0) 5 (50.0)

Results were expressed as frequency and percentage: n (%). Data were analyzed using Fisher’s exact test

* Results were expressed as mean + SD (data had normal distribution). Data were analyzed using oneway ANOVA
to compare difference among groups

T Results were expressed as median (range) (data had non-normal distribution). Data were analyzed using Krussal
Wallis to compare difference among groups

*> Different symbols mean significant difference among groups at p < 0.05



Stage 1&2

O Hypertension
ElDiabetes

O Dyslipidemia
B Anemia

@ Hyperkalemia
Kl Osteoporosis

O Gout

13.3%

Figure 4.1 Complication and co-diseases in CKD patients

Table 4.8 Complications in patients with chronic kidney disease
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Complications Stage 1&2 Stage 3 Stage 4 p-value
Number of subjects 8 15 10 NS
1 complication

Hypertension 2 (25%) 5 (33.3%) 1 (10%) NS

Anemia 1 (6.7%) 1 (10%) NS

Hyperkalemia 1 (6.7%) NS

Gout 1 (6.7%) NS
2 complications

HT + DM 1 (12.5%) 1 (6.7%) 1 (10%) NS

DL + Gout 1 (6.7%) NS

HT + DL 1 (6.7%) NS
3 complications

HT + DM + DL 3 (30%) NS

DM + DL + Anemia 1 (12.5%) NS
>3 complications

HT + DM + DL + Osteoporosis 1 (12.5%) NS

HT + DM + DL + Gout 1 (6.7%) NS

Results were expressed as frequency and percentage: n (%). Data were analyzed using Fisher’s exact test



4.3. Anthropometric variables

Table 4.9 Anthropometric variables of CKD patients and control subjects
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Control Stage 1&2 Stage 3 Stage 4 p-value
(n=13) (n=8) (n=15) (n=10)
Height (m) 1.56 1.59 1.65 1.61 0.92
(1.51-1.80) (1.49-1.78) (1.49-175) (1.54-1.76)
Weight (kg) 57.1 70.9 69 65.1 0.21
(45.9-87.8) (54.4-134.1) (49.5-116.2) (45.6—94.6)
BMI (kg/m?) T
Male 25.1 311 26.2 26.7 0.48
(23.4-27.1) (25.4-423) (19.9-37.9) (17.2-36.5)
Female 22.5 23.0 25.5 21.7 0.33
(18.8 — 28.5) (21.7-32.7) (22.3-28.6) (18.7-28.1)
Wrist circumferenc 159+ 1.0 16.6 + 1.8 16.7+1.3 157+1.6 0.28
(cm)*
Waist circumference (cm) |
Male 87.5 98.5 97 95 0.2
(80.5-94.2) (96.5-130) (825-122) (70-117.5)
Female 81 84 91.8 79 0.48
(69 — 95) (72 — 96) (75 -96.5) (70 — 90)
Hip circumference 97.5 102.5 99 98 0.34
(cm) " (87.5—105.6) (92 — 130) (88.5—120) (88 —117)
Waist/ hip ratio”
Male 0.86 £0.03 0.96 £ 0.04 0.98 £0.08 0.94 £ 0.09 0.15
Female 0.84 = 0.05 0.84 £0.07 0.92 £0.05 0.84 +0.04 0.11
Triceps skinfold 202+79 259+9.2 19.5+9.9 19.1+13.7 047
thickness (mm)”
Mid-arm
circumference 28.5+3.0 32.1+42 29.0+5.1 28.7+5.6 0.35
(cm)”
'C\fr'gu?nrgr?nucsg'e 20.3 25.0 22.6 21.6 045
(cm)’ (173-34.2) (20.6-26.5) (11.9-33.0)0 (18.1-28.2)
Muscle (kg) ' 36.3 38 47.7 41.4 0.74
(341-635) (34.1-76.4) (24.3-72.6) (33.4-60.4)
Total fat (%) 289+72 35.0+8.9 29.7+9.9 252+103 0.16
Visceral fat rating”
Male 10.7+4.1 17.3+4.0 16 +£2.8 14+ 84 0.3
Female 55+1.8 8.4+3.1 85+1.9 8.2+7.0 0.35
Water (%)° 50.4 475 51.2 54.8 0.06
(441-89.9) (40.6-58.6) (46.4-62.6) (45.1-66.8)
Bone (kg)" 22(20-34) 23(22.0-41) 28(1.8-39) 27(1.9-33) 044
BMR (Kcal)' 1176 1246.5 1474 1332.5 0.47

(1042 — 1900)

(1045 — 2431)

(989 — 2305) (1019 — 1793)

BMI= body mass index, BMR= basal metabolic rate
Results were expressed as mean + SD (data had normal distribution). Data were analyzed using oneway ANOVA

to compare difference among groups

distribution). Data were analyzed using Krussal Wallis to compare difference among groups.

"Results were expressed as median (range) (data had non-normal



56

As seen from Table 4.9, the median BMI of CKD stage 1&2 was higher than
those of control, stage 3 and stage 4, but no significant difference (28.3 kg/m? in stage
1&2 group, 23.4 kg/m2 in the control group, 26.2 kg/m? in stage 3 CKD group, and
24.2 kg/m? in stage 4 CKD group). Non-significant difference of other anthropometric
variables was observed among the control, stage 1&2, stage 3, and stage 4 CKD

patients.

4.4. Biochemical parameters

According to Table 4.10, fasting blood glucose in all stages of CKD patients
was significantly higher than those of the control group (p-value < 0.001). However,
there was a significant decrease in fasting blood glucose of stage 3 group compared to
stage 1&2 (99.5 and 135 mg/dL). Blood urea nitrogen and creatinine of stage 3, and
stage 4 CKD patients were significantly higher than those of control and stage 1&2
groups (p < 0.001). Obviously, eGFR in all stages of CKD patients is significant
lower than the control groups and the higher stage have the lower eGFR. In the other
hand, albumin in stage 4 CKD patient was significantly lower than those of control
(4.0 £ 0.2 g/dL compared with 4.4 + 0.2 g/dL, p = 0.03). In some CKD patients in
stage 3 and stage 4 developing hyperuricemia, the median of uric acid was
significantly higher than that of control (6.8 and 8.0 compared to 4.7 mg/dL,
respectively, p = 0.003).

We also found that the median of total cholesterol in blood circulation in
stage 3 was significantly lower than that of control and stage 1&2 (164.5 compared to
196.5 and 191.1 mg/dL, respectively). There was no significant difference of other

biochemical parameters among control and various stages CKD patients.

4.5. Oxidative stress and antioxidant markers

The median levels of plasma MDA in all stages of CKD were significantly
higher than those in the control group (approximately 0.2 compared to 0.09 uM,
respectively, p = 0.01). Interestingly, the levels of total antioxidant status in the stage
3 and stage 4 CKD patients were also significantly increase than those of the control
group (1.7£0.2 and 1.7 £ 0.1 compared to 1.5 + 0.2 mmol/L, respectively, p = 0.02).



57

In the other hand, the levels of plasma glutathione peroxidase activity in all
CKD groups showed a trend to be decreased when comparing to those of the control
group, but no statistical significance (p = 0.06). Moreover, there was a significant
decrease trend in plasma PON-1 among control and various stage of CKD groups
(307.7 £ 67.4,267.0 £ 101.2, 244.2 + 99.9, and 201.9 £+ 89.9 mmol/L, respectively, p
= 0.04). However, RBC GPx showed no significant difference among CKD patient
group and the control group (p > 0.05). In order to identify the cofounding factors, the
multiple regressions were presented between oxidative stress, antioxidant markers
with age and biochemical parameters in CKD patients and the control group, as
shown in Table 4.12 and Table 4.13. We found that age and other biochemical
parameters did not add statistically significant to the prediction of MDA, TAS, GPx
and PON-1.

Table 4.10 Biochemical parameters of CKD patients and control subjects

Control Stage 1&2 Stage 3 Stage 4 |
(n=13) (n=8) (n=15) (n=10)  PVale
FBG (mg/dL) 20 135 99.5 111 <0.001
(45 — 105)* (121 -165)°  (81—122)' (94 — 247)°
Hb (g/dL)” 13.5+2.6 13.9+1.7 13.4+1.9 121+15 0.24
BUN (mg/dL) 11.3 13 21 36 <0.001
(8.1 —20.6)* (9 — 15)* (12 — 45)° (29 — 52)°
Creatinine 0.7 0.9 1.6 2.6 <0.001
(mg/dL) (0.5 - 1.0)* (0.6 — 1.0)* (11-2.2)° (2.1-3.5)"
eGFR 100.7 86.1 40.1 20.5 <0.001
(mUmin/1.73m%)" (90,6 — 120.8)* (72.8—97.5)' (30.5-55.5)" (15.7 —28.0)"
Albumin 44+02 43+0.4 42+03 4+02 0.03
(g/dL)”
Triglyceride 62 172 141 158.5 0.06
(mg/dL) f (40 — 252) (68 — 405) (60 — 277) (74 — 231)
Total 201 191.1 164.5 180.7 0.007
cholesterol (169 —260)* (149 —250)* (122 —205)" (139 —277)**
(mg/dL)
LDL (mg/dL)”  1263+28.7  121.8+31.2 100.9+27.3 102.8+33.2 0.18
HDL (mg/dL) 51 42 40 44.5 0.07
(33-82) (33 -50) (34 — 65) (25 — 66)
Uric acid 4.6 5.0 6.8 8.0 0.003
(mg/dL) (3.7-83)"  (42-11.2*' (53-9.7)' (4.8-10.2)°

FBG = Fasting blood glucose, Hb = Hemoglobin, BUN = Blood urea nitrogen, eGFR = Estimated glomerular
filtration rate, LDL = Low-density lipoprotein cholesterol; HDL = High-density lipoprotein cholesterol.
* Results were expressed as mean = SD (data had normal distribution). Data were analyzed using oneway ANOVA

to compare difference among groups.

T Results were expressed as median (range) (data had non-normal distribution). Data were analyzed using Krussal
Wallis to compare difference among groups.
L3419 Different symbols mean significant difference among groups at p < 0.05



58

Table 4.11 Oxidative stress and antioxidant markers of CKD patients and
control subjects

Control Stage 1&2 Stage 3 Stage 4 |
(n=13) (n=8) (n=15) (n=10) p-value
MDA (upM) " 0.09 0.29 0.2 0.2 0.01
(0.01-0.37)° (0.9-0.69)' (0.06—0.55)° (0.07 —0.55)"
TAS (mmol/L) 1.5+0.2° 1.6+0.3% 1.7+0.2° 1.7+0.1° 0.02
RBC GPx 57.6 65.9 63.1 59.1 0.68
(gHb/L) T (31.1-164.0) (44.7-110.1) (40.2-925) (32.6—90.1)
Plasma GPx 7925+ 79331792 727.6+139.4 6349+149.9 0.06
(U/L) 150.6
PON-1 (U/L)"  307.7+67.4% 267.0 + 2442 + 201.9+89.9°  0.04
101.2+¢ 99.9+*

MDA = malonodialdehyde, TAS = total antioxidant status, RBC GPx = glutathione peroxidase in red blood cell,
Plasma GPx = Glutathione peroxidase in plasma, PON-1 = Paraoxonase 1

“Results were expressed as mean + SD (data had normal distribution). Data were analyzed using oneway ANOVA
to compare difference among groups

T Results were expressed as median (range) (data had non-normal distribution). Data were analyzed using Krussal
Wallis to compare difference among groups

*> Different symbols mean significant difference among groups at p < 0.05

Table 4.12 Multiple regressions of oxidative stress, antioxidant markers with age
in CKD patients and control subjects

Parameters Regression coefficient T p-value
MDA

Intercept 0.04 0.46 0.65
CKD 0.003 0.18 0.85
Age 0.02 1.62 0.11
TAS

Intercept 1.56 13.39 <0.001
CKD 0.065 2.71 0.01”
Age -0.001 -0.46 0.64
Plasma GPx

Intercept 784.36 9.43 <0.001
CKD -38.6 -2.25 0.02°
Age 0.54 0.33 0.74
RBC GPx

Intercept 57.49 4.18 <0.001
CKD -4.17 -1.47 0.148
Age 0.28 1.03 0.307
PON-1

Intercept 343.9 7.12 <0.001
CKD -18.33 -1.84 0.072
Age -0.88 -0.91 0.36

Data were analyzed using multiple regression
Significant difference among groups at p < 0.05



Table 4.13 Multiple regressions of oxidative stress, antioxidant markers with
some biochemical parameters CKD patients and control subjects

Biochemical parameters Regression coefficient T p-value
MDA

Intercept -0.87 -0.77 0.456
CKD 0.23 2.34 0.038"
FBG 0.001 0.77 0.456
BUN -0.0002 -0.02 0.982
Creatinine -0.18 -1.1 0.292
Cholesterol 0.03 0.43 0.675
Uric acid 0.05 1.89 0.083
Hb -0.14 -0.58 0.57
eGFR 0.005 1.05 0.313
Albumin 0.017 0.09 0.928
Triglyceride -0.0002 -0.19 0.856
LDL -0.004 -0.6 0.559
HDL 0.001 0.18 0.862
TAS

Intercept 0.58 0.4 0.7
CKD 0.004 0.03 0.974
FBG 0.0004 0.15 0.881
BUN 0.01 0.93 0.371
Creatinine -0.02 -0.12 0.909
Cholesterol -0.004 -0.38 0.709
Uric acid 0.06 1.83 0.09
Hb 0.05 1.58 0.141
eGFR 0.002 0.31 0.76
Albumin -0.09 -0.39 0.705
Triglyceride 0.001 0.96 0.357
LDL 0.001 0.16 0.874
HDL 0.007 0.58 0.572
Plasma GPx

Intercept -925.6 -0.69 0.501
CKD 92.06 0.79 0.446
FBG 0.32 0.11 0.911
BUN 2.52 0.24 0.814
Creatinine -26.72 -0.13 0.895
Cholesterol -1.16 -0.12 0.906
Uric acid 27.52 0.85 0.41
Hb -16.48 -0.57 0.579
eGFR 5.14 0.77 0.454
Albumin 290.73 1.33 0.208
Triglyceride -0.58 -0.42 0.679
LDL 0.99 0.11 0.916
HDL 2.34 0.2 0.844

Pata were analyzed using multiple regression
Significant difference among groups at p < 0.05



Table 4.13 Multiple regressions of oxidative stress, antioxidant markers with
some biochemical parameters CKD patients and control subjects (continue)

Biochemical parameters Regression coefficient T p-value
RBC GPx

Intercept 78.27 0.42 0.683
CKD 3.05 0.19 0.856
FBG -0.5 -1.41 0.184
BUN -1.31 -0.89 0.392
Creatinine 274 0.98 0.345
Cholesterol -0.97 -0.72 0.485
Uric acid -3.32 -0.73 0.477
Hb -4.11 -1.01 0.331
eGFR 0.52 0.56 0.583
Albumin 14.6 0.48 0.642
Triglyceride 0.29 15 0.159
LDL 0.71 0.56 0.587
HDL 1.26 0.77 0.454
PON-1

Intercept 183.09 0.33 0.75
CKD 44.82 0.91 0.381
FBG -0.13 -0.11 0.914
BUN 0.96 0.22 0.831
Creatinine -30.36 -0.36 0.724
Cholesterol -6.86 -1.7 0.115
Uric acid 10.61 0.78 0.451
Hb 18.03 1.48 0.165
eGFR 4.41 1.57 0.142
Albumin -124.77 -1.35 0.201
Triglyceride 1.11 1.91 0.08
LDL 5.95 1.54 0.149
HDL 8.95 1.83 0.09

Pata were analyzed using multiple regression
Significant difference among groups at p < 0.05
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r = 0.69, p-value <0.001
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Figure 4.2 Correlation between uric acid and total antioxidant status
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Figure 4.3 Correlation between creatinine and total antioxidant status
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Figure 4.4 Correlation between creatinine and plasma glutathione peroxidase
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Figure 4.5 Correlation between creatinine and paraoxonase 1
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It was obvious that there was a positive correlation between total antioxidant
status and uric acid (r = 0.69, p <0.001) (
correlation between creatinine and TAS (r = 0.4, p = 0.005) (

Figure 4.2). There was a positive
Figure 4.3). In
contrast, a negative correlation between creatinine and antioxidant markers such as
plasma GPx and PON-1 was observed in this study (r = - 0.34 and r = - 0.35,
respectively, with p = 0.02) (Figure 4.4 and Figure 4.5).

4.6. Dietary antioxidants

Using PCA to transform data, the weekly food intake of all food groups
(FFW) were presented in Table 4.14. Our study found that FFW¢ of sweet, bakery,
and snack was significantly different among CKD patient groups and control group.
Subjects in the control group consumed sweet, bakery, and snack per week
significantly higher than all groups in CKD patients (p = 0.03).

The FFWg of rich-antioxidant food groups, containing > 30% of Thai adult
DRI were presented in Table 4.15. It is shown that weekly intake of rich — vitamin E
fat was significantly higher in CKD stage 3 group than the control and stage 1&2
CKD group (p = 0.04).

Table 4.14 Food pattern scores of all food groups in CKD patients and control
subjects

Food groups Control Stage 1&2 Stage 3 Stage 4 p-value
(n=13) (n=8) (n=15) (n=10)
Meat/ fish/ egg 026+0.34 032+0.87 -0.68+0.17 0.41+0.72 NS
Fruits 0.32+0.77 -0.27+0.5 -0.16+0.34 0.01 £0.78 NS
Vegetables -0.67 £0.58 1.0+1.1 -0.1+0.81 0.26=+1.24 NS
Cereals -0.58+0.33 1.38+198 -0.05+0.37 -0.21+0.51 NS
Milk and dairy -020+0.34 0.78+0.62 -0.1+0.29 -0.19+0.41 NS
Fat and oil -0.26£0.23 -0.64+04 0.55+0.34 0.05+0.21 NS
Condiments 0.17+0.56 -0.01+0.63 -0.12+0.51 -0.05=+0.55 NS
Beverages 1.08 £0.96 -06+022 -05+046 -0.27+047 NS
Appetizer/ local dishes 0.76+0.71 -0.31+0.3 -0.26+0.25 -0.42+0.41 NS
Sweet/ Bakery and snack 1.23 +£0.52° 0.12+0.08° 0.43+0.36° 09+0.59"" 0.03
Fast food 0.50+0.23 0.18+0.09 0.13+0.07 0.15+0.1 NS

Results were expressed as mean + SEM. Data were analyzed using Krussal Wallis to compare difference among
groups. + Different symbols mean significant difference among groups at p < 0.05



Table 4.15 Food pattern scores of rich-antioxidant and good sources of

antioxidant food groups in CKD patients and control subjects
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Control Stage 1&2 Stage 3 Stage 4

Food groups (n=13) (n=8) (n=15) (n=10) p-value
Rich-antioxidant*
Rich — vitamin A -030+0.28 0.11+£051 0.03+0.54 0.28+0.89 NS
vegetable
Rich — vitamin C -039+046 0.85+0.83 -0.17+0.66 0.13+0.77 NS
vegetable
Rich — vitamin C 0.34 +0.53 0.03+£049 0.05+0.39 -0.56+0.44 NS
fruits
Rich — vitamin C -0.30+0.21 1.02+1.34 -028+024 0.01+0.29 NS
cereals
Rich — vitamin E 0.23 +£0.37 0.36+0.66 -0.38+0.14 -0.08=+0.38 NS
cereals
Rich — vitamin E fat -0.26 £ 0.26! -0.57+037¢ 0.49+0.34® 0.07+0.21%  0.04
Rich — vitamin A, -0.12+0.25 0.6+0.75 -0.16+0.31 -0.08+0.31 NS
vitamin C, Zn milk
Rich — zinc meat/fish 0.19+0.23 0.84+09 -040+0.19 -0.32+0.17 NS
Rich — selenium -0.55+£0.2 0.13£0.3 0.16+0.32  0.36+0.73 NS
meat/fish
Good sources of antioxidant
Good sources of -0.18+0.26 -0.08+0.23 0.40+0.59 -0.29+0.26 NS
vitamin A vegetable
Good sources of -037+£042 055+0.81 -0.13+£043 024+1.02 NS
vitamin C vegetable
Good sources of 0.13+044 -042+023 -031+0.15 0.63+0.71 NS
vitamin C fruits
Good sources of Zinc -0.52+0.13 0.80+£0.97 020+041 -0.26+0.27 NS
cereals
Good sources of Zinc 0.15+0.25 -0.17+0.21 -0.39+0.13 0.52+0.77 NS
meat/ fish

Results were expressed as mean + SEM. Data were analyzed using Krussal Wallis to compare difference among

groups

+3 Different symbols mean significant difference among groups at p < 0.05
“ rich-antioxidant food groups contained antioxidant micronutrients > 30% of Thai adult DRI
# good source of antioxidant food groups contained antioxidant micronutrients 15 — 29% of Thai adult DRI
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Table 4.16 Correlations of food pattern scores (FP scores) and antioxidant or

oxidative stress markers in CKD patients and control subjects

Food groups MDA  TAS  RBCGPx P'(_f;‘SF‘,r)'(‘a PON-1

Meat/ fish/ egg -0.22 -0.15 0.24 0.03 -0.11
Rich- Zn meat/fish/egg* -0.14 -0.15 -0.07 0.06 -0.02
Rich- Se meat/fish/egg* 0.16 0.10 0.12 0.37 -0.001
Good sources of Zn -0.04 -0.11 0.19 0.09 -0.25
meat/ fish?®

Fruits -0.04 -0.14 0.26 0.05 0.03
Rich- vitamin C fruits? -0.003 -0.16 0.13 0.32 0.13
Good sources of vitamin -0.13 -0.16 0.11 0.28 -0.01
C fruits?®

Vegetables 0.09 -0.26 0.06 0.25 0.02
Rich-vitamin C 0.14 -0.32" 0.11 0.32" 0.02
vegetables?

Rich-vitamin A 0.22 -0.19 0.03 0.18 0.04
vegetables?

Good sources of vitamin 0.18 -0.12 0.23 0.01 -0.02
C vegetables®

Good sources of vitamin -0.12 -0.23 0.09 0.32" -0.02
A vegetables?

Cereals 0.05 -0.03 0.16 0.14 0.01
Rich-vitamin C cereals? 0.05 0.06 0.01 0.03 -0.03
Rich-vitamin E cereals* -0.02 0.01 0.09 0.11 0.28
Good sources of Zn 0.12 0.19 0.16 0.23 -0.01
cereals®

Milk and dairy 0.02 0.23 0.20 -0.11 0.12
Rich — vitamin A, -0.05 0.11 0.15 -0.01 -0.001
vitamin C, Zn milk?

Fat and oil 0.07 0.03 0.004 -0.07 -0.07
Rich-vitamin E fat? 0.03 0.02 0.11 0.01 -0.12

Condiments -0.05 -0.05 -0.01 0.18 -0.13

Beverages -0.04 0.05 0.002 0.16 0.04

Appetizer and local dishes 0.04 -0.29 0.16 0.23 -0.01

Sweet/ bakery and shack -0.22 -0.35° -0.08 0.13 -0.01

Fast food -0.18 -0.09 -0.11 0.03 0.07

Results were expressed as correlation coefficients. Data were analyzed using Spearman correlation. Number of

observation = 46. * Statistical significance at p < 0.05

! rich-antioxidant food groups contained antioxidant micronutrients > 30% of Thai adult DRI
¥ good sources of antioxidant food groups contained antioxidant micronutrients 15 — 29% of Thai adult DRI

The food pattern score of food-groups intake per week or FFWg were

analyzed for correlation with oxidative stress or antioxidant markers, as shown in

Table 4.16. Overall, food pattern scores from food group intake per week could not

be found any correlation with oxidative stress or antioxidant markers, except only

rich-vitamin C vegetables and good sources of vitamin A vegetables. There was a

positive correlation found between the rich-vitamin C vegetables and good sources of
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vitamin A vegetables intake pattern score with plasma GPx (r = 0.323, p = 0.02 and
r=0.319, p = 0.03, respectively) (Figure 4.6 and Figure 4. 7). However, there was a
negative correlation between the rich-vitamin C vegetables intake pattern score with
TAS (r =-0.319, p = 0.02) (Figure 4.8).

In the rich-vitamin C vegetables groups, lemon juice, tomato, cabbage, and
kale Chinese were some vegetables that people seemed to consume more than the
others in this study. The frequency of lemon juice and kale Chinese were almost 3
times per week and once per week, respectively, for all subject groups. While the
frequency of tomato intake was less than lemon juice and kale, almost once per week
and almost twice per week were found in the control group and CKD patient groups,
respectively. However, the frequency of cabbage were only 0.53 + 0.08, 2.1 = 0.78,
1.1 £0.4 and 0.85 + 0.38 times per week in the control, stage 1&2, stage 3 and stage
4, respectively (Table 4.17).

According to Table 4.18, it was indicated that only holy basil leaves and
sweet basil leaves containing rich vitamin A were consumed often around once per
week in all subject groups. In Table 4.19, only rice bran oil which was rich in vitamin
E, was consumed more than once per week in control and stage 1&2, and more than
twice per week in stage 3 and 4 groups.

Based on the Table 4.21, we found that the meat such as pork and whole hen
egg were sources of selenium in all subject groups. Pork intake was approximately
more 3 times per week for CKD groups and around twice a week for control group.
Whole hen egg was consumed more than twice a week in control, and CKD patients.
However, beef and mussel green which were sources of zinc, found that consumed
less than once per 2 week (Table 4.20). Besides source of protein and calcium, milk
also can be a source of vitamin A, vitamin C and zinc. However, all of control and

subjects consumed less than 3 times per week (Table 4.22).
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Table 4.17 Frequency of rich-vitamin C and good sources of vitamin C food
items intake per week (FFW,) of CKD patients and control subjects

Food items Control Stage 1&2 Stage 3 Stage 4 p-value

Rich-vitamin C vegetables
Horseradish leaves 025+0.21 043+037 0.06+£0.04 0.10+0.06 NS
Tiliacora triandra diel 028+0.10 025+0.16 0.06+0.04 0.45+0.29 NS
Broccoli 0.89+0.31 125+062 0.50+0.20 0.80+0.37 NS
Mustard green 1.07+£0.43 0.50+0.13 0.67+£0.25 0.90+0.36 NS
Brussels sprouts 0.39+£0.10 0.37+0.15 0.36 £0.2 0.15+0.07 NS
Gourd bitter young 0.10£0.05 0.31+0.09 033+0.2 0.15+0.07 NS
leaves
Mint leaves 042+021 062+035 0.50+036 0.40=+0.10 NS
Kale Chinese 1.28+0.31 1.18+0.41 0.63+0.19 1.25+0.54 NS
Cauliflower 035+0.08 0.62+0.15 0.73+0.39 0.60+0.30 NS
Glory red stem 032+0.11 1.12+0.43 1.23+042 0.70+0.28 NS
Cassia leaves 028+0.08 0.18+0.09 030+0.09 0.10+0.06 NS
Chilli pepper 021+0.08 062+035 0.13+0.05 0.50+0.14 NS
Graden pea pod 042+021 068+036 023+0.09 0.55+0.29 NS
Okra 0.10+£0.07 0.18+0.09 0.03+0.03 1.15+0.71 NS
Garlic flower 0.03+£0.03 0.06+0.06 0.03+0.03 0.05+0.05 NS
Acacia pennata 0.39+£0.09 0.81+032 0.13+0.07 0.20+0.08 NS
Celery 0.60+0.21 0.87+0.33 1.20 £ 0.61 0.85+0.37 NS
Gourd wax 032+0.06 037+0.12 036+0.11 0.85+0.37 NS
Tomato 0.78+0.27 1.62+0.83 1.86+0.56  1.85+0.69 NS
Water mimosa 025+£0.06 025+0.13 0.76+039 0.15+0.07 NS
Crawdaisy leaves 0.53+0.28 0.25+0.13 0.1+0.05 0.45 +£0.30 NS
Wing bean pod 0.32+0.09 1.00+0.45 0.46+0.2 0.60 £ 0.28 NS
Seshania flowers 0.50+£020 037+0.15 0.13+0.05 0.40+0.12 NS
Cabbage 0.53+0.08 2.10+0.78 1.10£0.40 0.85+0.38 NS
Lemon juice 257+£0.65 206+0.66 2.60+0.69 2.65+0.68 NS

Rich — vitamin C fruits
Banana, unripe 0.82+0.42 1.00+£0.73 1.56+0.52 0.65+0.28 NS
Rambutan 1.00 £0.30 0.68+0.35 1.16+0.54 1.10+0.56 NS
Durian 0.32+0.09 0.18+0.09 043+0.19 0.15+0.07 NS
Guava common 0.89 +0.26 1.12+041 156+049 0.70+=0.29 NS
Jujube apple 0.10 £0.07 0 0.10+0.07 0.10+0.13 NS
Papaya, ripe 0.85+0.41 0.68+0.35 133+£050 0.25+0.11 NS
Kalanchoe 0.32+£0.21 0.12+0.08 0.03+0.03 0.30+0.30 NS
Pomelo 0.67+0.27 0.25+0.13 0.70+£0.39 0.25+0.11 NS
Cantaloupe 0.89 +£0.26 1.00£0.45 0.56+036 0.10£0.10 NS
Strawberry 0.14 £0.08 0.18£0.09 0.13+£0.05 0.15+£0.10 NS
Mango, ripe 0.25+0.21 0.56+0.35 0.16£0.07 025+0.13 NS
Mango, unripe 0.46 +0.21 031+0.13 0.33+0.19 0.35+0.10 NS
Kiwi fruit 0.14 + 0.06 0.18+0.09 026+0.20 0.10+0.06 NS

Results were expressed as mean + SEM. Data were analyzed using Krussal Wallis to compare difference among
groups. Rich-antioxidant food groups contained antioxidant micronutrients > 30% of Thai adult DRI.

Good source of antioxidant food groups contained antioxidant micronutrients 15% - 19% of Thai adult DRI.



68

Table 4.17 Frequency of rich-vitamin C and good sources of vitamin C food
items intake per week (FFW,) of CKD patients and control subjects (continue)

Food items Control Stage 1&2 Stage 3 Stage 4 p-value
Rich — vitamin C cereals
Corn flakes 0.19+0.10 0.44+0.37 0.37+020 0.15+0.10 NS
Cereal soy based 0.11+0.06 0.18+0.13 0.03+0.03 1.00+0.73 NS
supplementary food
Potato 0.30 £ 0.09 0.62+0.35 0.30+0.09 0.40+0.14 NS
Cassava 0.11 £0.06 0 0.23+0.09 0.50+0.29 NS
Lotus root, raw 0.15+0.06 0.37+£0.37 0.06+0.04 0.10+0.06 NS
Chinese chestnut 0.11 £0.06 0.12+0.08 0.10+£0.05 0.25+0.11 NS
Pigeonpea immature 0.03 £0.03 0.50+0.36 0.06+0.04 0.05+0.05 NS
seeds
Ginkgo seeds, whole 0.11+0.06 025+0.13 0.10£0.05 0.15+0.10 NS
Good sources of vitamin C vegetables
Corn baby 0.50+£0.23 0.87+0.32 056+0.26 0.60+0.28 NS
Holy basil leaves 1.00 £0.32 1.81+£0.66 133+£04 1.35+£0.52 NS
Shallot spring 2.57+0.74 2.18+0.76 190+0.53 2.35+0.92 NS
Onion 1.57+0.52 200+081 1.83+041 1.60=+0.53 NS
Sweet basil leaves 0.88£0.27 0.62+0.35 1.16+049 1.05+0.5 NS
Asparagus 0.53+0.30 0.25+0.09 0.73+£049 0.10£0.10 NS
Yard long bean 0.61+£0.22 143+047 090+038 1.10+0.42 NS
green, boiled
Carrot 0.84 £0.27 1.25+£040 1.70£0.61 0.35=+0.13 NS
Egg plant 0.26 = 0.09 1.00+0.45 0.23+0.09 1.10+£0.56 NS
Spinach 0.11 £0.06 0.12+0.08 0.56+0.46 0.10+0.06 NS
Gourd sponge round 042 +0.11 0.06+0.06 0.53+0.20 0.80+0.37 NS
Mungbean sprout 0.46 +0.11 0.75+0.34 040+0.11 0.80+0.53 NS
Good sources of vitamin C fruits
Longkong 0.65+0.22 0.37+0.12 1.13+£049 0.85+£0.36 NS
Longan 0.92 +£0.55 0 0.26£0.20 0.05+0.05 NS
Litchi 0.15+0.06 0.06+0.06 0.06+0.04 0.65+0.54 NS
Cherries eating, raw 0.07£0.05 0.18+0.13 0.16+0.07 0.05+0.05 NS
Tangelo / Tangerine/ 0.57 +£0.41 0.56+0.35 0.43+027 0.55+0.30 NS
Mandarin
Santol 0.53+0.22 0.06+0.06 0.10+£0.07 0.40+0.30 NS
Rose apple, green 0.19+0.07 0.12+0.08 0.06+0.04 0.65=0.39 NS

Results were expressed as mean = SEM. Data were analyzed using Krussal Wallis to compare difference among
groups. Rich-antioxidant food groups contained antioxidant micronutrients > 30% of Thai adult DRI.

Good source of antioxidant food groups contained antioxidant micronutrients 15% - 19% of Thai adult DRI
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Food items Control Stage 1&2 Stage 3 Stage 4 p-value
Rich-vitamin A vegetables
Gourd bitter young 0.11+0.06 031+£0.09 0.33+020 0.70+0.54 NS
leaves
Holy basil leaves 1.00 £ 0.32 1.80+0.67 130+041 1.35+0.52 NS
Lettuce red leaves 0.35+0.23 0.88+048 0.73+049 0.20+0.11 NS
Tiliacora  triandra 0.31+0.11 025+0.16 0.67+045 0.45+0.29 NS
diel
Ivy ground 0.46=+0.12 0.75+£034 040+0.11 0.80+0.53 NS
Horseradish leaves 0.27 £0.23 0.44+0.37 0.07+0.04 0.10+0.07 NS
Water mimosa 0.27+0.07 0.25+0.13 0.77+039 0.15+£0.08 NS
Mint leaves 0.46 +£0.23 0.62+0.35 0.50+036 0.40+0.10 NS
Crawdaisy leaves 0.58 +£0.31 0.25+0.13 0.10£0.05 0.45+0.30 NS
Horse tamarind 0.04 £ 0.04 0.06+0.06 0.13£0.08 0.15+0.11 NS
Sweet basil leaves 0.88 £0.27 0.62+0.35 120+049 1.05+0.50 NS
Good sources of vitamin A vegetables
Mustard green stem 1.15+£0.46 0.50+0.13 0.66+0.25 0.90+0.36 NS
and leaves
Celery 0.65+0.22 0.87+0.33 120+0.61 0.85+0.37 NS
Indian penny wort 0.38 +£0.22 0.12+0.12 0.56+046 0.35+0.29 NS
leaves
Carrot 0.84 £0.27 1.25+£040 1.70£0.61 0.35=+0.13 NS

Results were expressed as mean + SEM. Data were analyzed using Krussal Wallis to compare difference among

groups. Rich-antioxidant food groups contained antioxidant micronutrients > 30% of Thai adult DRI.
Good source of antioxidant food groups contained antioxidant micronutrients 15% - 19% of Thai adult DRI

Table 4.19 Frequency of rich-vitamin E food items intake per week (FFW,) of
CKD patients and control subjects

Food items Control Stage 1&2 Stage 3 Stage 4 p-value
Rich — vitamin E cereals/ legumes/ starchy vegetables
Rice whole grain milled 1.15+0.64 237+097 256+086 1.75+0.92 NS
by machine, steamed
Cereal soy based 0.11+0.06 0.18+0.13 0.03+0.03 1.00+0.73 NS
supplementary food
Sunflower seeds, dry, 0.23 +£0.09 0.18+0.13 0.06+0.04 0.20+0.11 NS
roasted without salt
Almonds dry roasted 0.42+0.23 0.56+0.35 0.10+£0.05 0.15+0.10 NS
with salt added
Rich — vitamin E fat and oil
Peanut oil 0.46 £0.42 037+037 046+046 0.10+0.06 NS
Olive oil salad or 0.23+£0.23 031+0.16 1.16+0.57 0.15+0.11 NS
cooking
Rice bran oil 1.03 +0.64 1.12+0.85 296+0.85 2.05+0091 NS
Shortening bread 0 0.18 £0.13 0 0 NS
soybean and
cottonseed

Results were expressed as mean = SEM. Data were analyzed using Krussal Wallis to compare difference among
groups. Rich-antioxidant food groups contained antioxidant micronutrients > 30% of Thai adult DRI
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Table 4.20 Frequency of rich-zinc and good sources of zinc food items intake per

week (FFW,) of CKD patients and control subjects

Food items Control Stage 1&2 Stage 3 Stage 4 p-value
Rich — zinc meat/ fish
Beef meat lean 0.21 +£0.08 0.56+0.35 0.10+0.07 0 NS
Beef meat sundried, 0.07 £0.04 0.12+0.08 0.03+0.03 0 NS
fried
Mussel green, dried 0.14 £ 0.06 0.12+0.08 0 0.15+0.07 NS
Good sources of zinc Rich — zinc meat/ fish
Chicken wing, fried 0.96 + 0.33 043+0.14 030+020 0.75+0.53 NS
Pork spare ribs (Fat 0.53+0.22 0.75+0.34 0.53+0.19 0.30=0.11 NS
14.7%)
Cockle / Ark shell, 0.11+0.06 0.12+0.08 0 0.40+0.29 NS
blanched
Shrimp sea 0.30 £ 0.07 0.87+0.47 1.06+0.40 0.85+0.68 NS
Good sources of zinc cereals
Cowpea seeds, black 0.38 £0.38 0.18+0.13 0.23+0.09 0.25=+0.11 NS
color, dried
Soybean seeds, dried 0.15+0.06 037+037 026+020 0.05+0.05 NS
Mungbean 0.15+0.06 1.18+0.71 0.5+0.36 0.55+0.29 NS
Rice bean seeds, 0.03 +0.03 0.37+037 0.33+0.2 0.10£0.06 NS
dried
Bread whole wheat 0.84 +0.45 1.50+£0.86 190+0.72 0.55+0.28 NS
Peanut, boiled 0.34+0.10 1.31£0.68 0.66+0.35 0.50+0.28 NS

Results were expressed as mean = SEM. Data were analyzed using Krussal Wallis to compare difference among
groups. Rich-antioxidant food groups contained antioxidant micronutrients > 30% of Thai adult DRI

Good source of antioxidant food groups contained antioxidant micronutrients 15% - 19% of Thai adult DRI

Table 4.21 Frequency of rich-selenium food items intake per week (FFW,) of

CKD patients and control subjects

Food items Control Stage 1&2 Stage 3 Stage 4 p-value
Pork loin 0.71+£0.20 1.87+043 1.80+0.57 2.35+0095 NS
Pork tenderloin 0.89 +£0.25 1.87+0.43 1.63+0.51 225+0.94 NS
Shrimp common 0.39 +£0.07 0.62+0.36 0.66+039 1.10+0.56 NS
Jelly fish 0.03 +0.03 0 0 0 NS
Fish salmon atlantic 0.28 £0.08 0.50+£0.36 0.20£0.06 0.25+0.11 NS
farmed, raw
Finfish roe mixed 0.14 £ 0.06 0.06+0.06 0.06+0.06 0.30+0.30 NS
species
Hen egg, whole 2.46 £ 0.59 0.30+0.30 3.13+0.59 2.45+0.63 NS

Results were expressed as mean + SEM. Data were analyzed using Krussal Wallis to compare difference among
groups. Rich-antioxidant food groups found in the meat/ fish and aquatic/egg food group, containing antioxidant
micronutrients > 30% of Thai adult DRI
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Table 4.22 Frequency of rich-vitamin A, vitamin C and zinc food items intake

per week (FFW,) of CKD patients and control subjects

Food items Control Stage 1&2 Stage 3 Stage 4 p-value
Milk powdered, full 1.15+0.71 0.70+0.58 0.04+0.04 2.12+1.63 NS
cream
Milk powdered, 0.15+0.07 040+024 027+0.27 0.75+0.75 NS
plain
Milk powdered 0.40+0.29 1.10+£1.10 0 0.41 +£0.22 NS
defatted, high
calcium
Milk powder 0.25+0.13 0.10+0.10 045+ 0.28 0 NS

reduced fat

Results were expressed as mean + SEM. Data were analyzed using Krussal Wallis to compare difference among
groups. Rich-antioxidant food groups found in milk and milk prodcuts, containing antioxidant micronutrients >

30% of Thai adult DRI
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CHAPTER 5

DISCUSSION

Generally, after diagnosis of CKD, staging is classified based on the
estimated glomerular filtration rate [1]. This study used the eGFR CKD-EPI (CKD
Epidemiology Collaboration) equation to calculated eGFR and classified stage groups
[153]. The clinical practice recommendation for the evaluation and management of
CKD in Thai adults 2015 classified the severity of CKD in 5 stages, with stage 1
being the mildest and usually causing few symptoms while stage 5 being a severe
illness with many complications [154]. Similar to previous studies, our results
showed that there were more kinds of complications increased in CKD stage 3 more
than CKD stage 1 &2 such as dyslipidemia, gout, and osteoporosis.

Malnutrition may occur in the late stage of CKD. Based on the study in Thai
CKD population, BMI of CKD patients might significantly be higher or lower than
those of non-CKD groups depending on the formula to calculate eGFR (25.8 + 3.8 &
24.6 £ 3.7 kg/m2 by MDRD equation and 22.2 + 3.7 & 24.9 + 3.6 kg/m2 by
Cockcroft-Gault formula) [155]. Our study using eGFR CKD-EPI equation showed
that there was no significant difference of BMI among CKD groups and the control
group. It is possible that different formula to calculate eGFR would influence on the
stage classification. It was consonance with the finding of the study in Netherland
CKD patients, which was not noticed any difference of BMIs among CKD patients at
stage 3&4 and the healthy control group [156]. Also, the study in Indian CKD
patients showed there was no significant difference among BMI of moderate and
severe CKD groups comparing to control [13].

Albumin, which indicates serum proteins, is a one of biochemical parameter
for nutrition status assessment and has the relationship with body protein turnover in
clinically stable conditions [124]. Low levels of serum albumin are highly predictive
of poor clinical outcomes in all stages of CKD. Thus, serum albumin is considered a
reliable marker of general clinical status [125]. However, the abnormalities in
albumin synthesis may not be directly related to nutrition status changing [124]. Some

non-nutritional causes of hypoalbuminemia, such as tissue injury, hepatic disease,
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gastrointestinal disorders, and volume overload, can affect the specificity of this
marker [126]. As known that prealbumin is more sensitive than albumin for
monitoring the early stage of malnutrition [25]. In our study, the control group
showed the significantly higher mean levels of albumin compared with the stage 4
CKD patients but no significant difference from those of the stage 1&2 and stage 3
CKD group.

Serum cholesterol concentration is an independent predictor of mortality in
chronic dialysis patients, and low levels can suggest low dietary and energy intake.
Our study showed that the total cholesterol level of stage 3 CKD patients significantly
lower than those of control and stage 1&2 CKD groups. The median of cholesterol
level in stage 3 was 164.5 mg/dL. Another study indicated that serum cholesterol
concentrations less than 150 mg/dL also permit careful evaluation of nutritional status
[25]. Some patients in our study are under treatment with statin for dyslipidemia. That
might explain the reason why blood cholesterol level of the stage 3 CKD patients
significant lower than control groups.

In addition, there was no significant difference in hemoglobin levels among
groups even though there were approximately 7% of patients from CKD stage 1 to 3
developing anemia as a complication. The depletion of erythropoietin (EPO) in the
late stage of CKD can cause anemia [25] and some patients may receive EPO based
on prescription. It was seen in our result that Hb in the CKD stage 4 trend to be

decrease close to the lower border line of normal range.

Oxidative stress and antioxidant markers in Thai CKD patients

The determination of MDA, one of the most common markers for
investigating lipid peroxidation, was assessed by using the widely employed TBARS
method. Although the frequently spectrophotometric method is fairly sensitive, it is
not specific since at wavelength of 532nm, aldehydes other than MDA can react with
TBA and various pigments. Therefore, we used a reliable and sensitive HPLC
technique to enhance the specificity of MDA-(TBA)2 measurement in this study
[70]. Our results showed that MDA levels were lower in the control group as
compared to various stages of CKD patient group. It was also possible that persons

with CKD had a lower concentration of antioxidant enzymes making them vulnerable.
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Our results are in agreement with other studies which also found higher MDA
levels in CKD patients as compared to the control group [70, 117].

Taking antioxidant in consideration, the results showed that the levels of
TAS elevated in CKD patients compared to the control subjects. Even though this
finding was unexpected, there were previous studies confirmed this phenomenon [12,
117]. There was a positive correlation was found in TAS values with uric acid levels
in CKD patients (Figure 2). The higher TAS values observed in the all stages of CKD
may be explained by the increase of uric acid levels. It was proposed that uric acid
might act as an antioxidant, a free radical scavenger and a chelate of transitional metal
ions which were converted to poorly reactive forms [92]. In vitro experiment, it was
shown to be a powerful scavenger of reactive oxygen species [93]. Moreover, in a
prospective case-control study, the greater serum uric levels were associated with the
higher TAS levels in individuals with atherosclerosis [94]. Nevertheless, the role of
uric acid as an antioxidant remains controversy. Due to enzyme xanthine oxidase in
the path way producing uric acid involve in ROS production, which is an important
role in the increased vascular oxidative stress and atherogenesis [93, 95]. Therefore, it
should be under the consideration when choosing the TAS test for assessing the
antioxidant capacity of patients with hyperuricemia.

As mentioned above, plasma GPx in CKD patients had a trend to be lower
than those of the control. It was reported that plasma GPx activity decreased from the
early stage of CKD to next server stages of renal failure [117, 157]. This decrease in
the plasma GPx activity may reflect a consequence of active nephron mass reduction
and malfunction of the renal tubules which are the main sites of synthesis of plasma
GPx [158]. There are also other possible reasons for the loss of enzyme activity, such
as decreased inactivation of reactive oxygen species due to selenium deficiency as
well as lowered renal removal [117]. Even though our results did not show the
significant difference, the trend of plasma GPx was decrease in the stage 3 and stage 4
CKD patients. It might be due to the small sample size in each group of CKD patients
and the control. The previous study showed an inconsistency in RBC GPx activity
affected by chronic kidney disease. Several researchers demonstrated that RBC GPx

activity was significantly lower in CKD patients than in non-CKD subjects [157,
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159]. On the other hand, some studies had shown that RBC GPx activity was not
significantly different from that of normal controls [10].

Cardiovascular disease is a major cause of morbidity and mortality in
patients with chronic kidney disease. This study also determined the role of PON-1,
an esterase enzyme that functions to protect LDL and HDL cholesterol from
oxidation. In addition to its antioxidant properties, PON-1 has added anti-atherogenic
activities against macrophage foam cell formation. It has been suggested that
increased formation of oxygen derived radicals accelerates the development of
atherosclerosis [160]. Our results confirmed that there was a significant decrease of
PON-1 activity in the stage 4 CKD compared to the control (p = 0.04). Additionally,
we noticed gradually decreased PON-1 activity in the next stages of CKD, but the
differences between particular stages of CKD did not reach statistical significance
(Table 4). In some experimental studies, the reduced activity of PON-1 can also be
explained by a modification of HDL cholesterol and its instability [116]. Moreover,
uremic toxin may play a mechanistic role in PON-1 inactivation. These could be
observed in dialysis patients that PON-1 changes correlate with clearance of uremic
toxins in previous study [161].

It is indicated that there are negative correlation between creatinine with
plasma GPx and PON-1 in our study. These results are similar with previous studies
which were also measured in CKD patients [117, 162]. A progressive decrease in
plasma GPx activity is associated with the fact that this enzyme is primarily
synthesized in the kidney and the progressing damage of this organ is reflected
in increasing creatinine level. Moreover, the research conducted in hemodialysis
patients, results in significantly and consistently increasing in the activity of the
antioxidant enzyme PON-1. The effect associated with the effectiveness of dialysis to
clear creatinine and urea. This strongly suggests that elimination of some inhibiting
low molecular factor may be responsible in part for the recovery of PONL1 activity.
This was proposed explain for the correlation between creatinine and antioxidant
enzymes [100, 116, 162].

Dietary antioxidants
Antioxidant system including endogenous antioxidants or enzyme (such as

GPx, PON-1, etc.) and exogenous antioxidants which come from food consumed
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(such as vitamin A, vitamin C, and vitamin E, zinc and selenium), respond the
damaging oxidative reactions. Therefore, dietary antioxidants may be especially
important in protecting against human diseases associated with free-radical damage
[13, 14]. However, CKD patients at late stage may have to follow the restrict diet
based on their condition. This may lead to low intake of food that is the source of
antioxidant micronutrients.

Despite our study did not find the significant deference of rich antioxidant
micronutrients food between CKD groups and the control group like previous studies,
we also found that the subjects consumed rich- vitamin C and A fruits and vegetables
at the low level, with the mean of frequency was not reach 3 per week for both control
and CKD groups. Similarly, rich- vitamin E food was also intake at low level with 1-
2 times per week in CKD patient groups and once per week in the control group.
Previous study showed that vitamin A intake significantly less in serve CKD patients
as compared to moderate and control group. Moreover, the daily average vitamin A
intake were consuming it at a daily average of 208 ug retinol/ day and 190 pg
retinol/day in moderate and severe renal failure groups respectively which was found
to be quiet less than the recommendations for healthy controls which remain the same
for CKD patients [13]. The vitamin C intake was consumed by CKD patients was
approximately 36 mg/day and it was also observed that vitamin C deficiency may
occur with restricted potassium diets recommended for CKD patients [136]. Because
fruits and vegetables being rich source of potassium, but the diets of renal failure
patients are restricted for potassium intake, unmonitored restrictions by physician and
dietitian might decrease the intake of antioxidants from diet [136]. Based on the
Academy of Nutrition and Dietetics CKD Evidence-Based Nutrition Practice
Guideline, vitamin C intake for treatment anemia in CKD is around DRI [163]. Even
though this recommendation for anemia treatment, it can benefit for antioxidant
system as well.

Also, our study indicated the low level intake of rich — zinc food, around
once per 2 weeks, while rich — selenium food was 2-3 times per week. Dietary zinc
intake levels were also positively correlated to serum zinc levels as well as
antioxidant enzyme levels and inversely correlated with malondialdehyde levels [13].
Therefore, low protein vegetarian CKD diet might further have lower zinc content and
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requires careful planning by renal dietitian and might be supplementation with zinc to
achieve its requirements. Zinc requirement from diet remains same for predialysis
CKD patients as that for normal persons [13, 138]. As known that, CKD patients
have some restricted food due to their disease status and complications, so it may
reduce their food choice and consumption. However, there was no routine data about
oxidative stress and antioxidant markers except some biochemical parameters such as
creatinine, lipid profiles, uric acid, potassium, etc for consultants [138]. Therefore, it
is difficult for dietitians to recommend appropriate about antioxidant food
consumption.

The remarkable point is that antioxidant micronutrients consumed by the
control group were very low similarly to CKD patients groups. Therefore, the
individuals in the healthy group may have the risk to suffer from the imbalance in
oxidative — antioxidant system in the future. Refer to Thai DRI for adult at the age of
19 years old and above, requirement intake of vitamin A, vitamin C, vitamin E should
be 600 RAE for female and 700 RAE for male, 75 mg for female and 90 mg for male,
and 15 mg for both gender, respectively. Besides, zinc and selenium intake should be
7 mg for female and 13 mg for male, and 55 pg for both gender, respectively [148].

The results about consumption of sweet, bakery, snack and fast food showed
the lower in CKD patients than the control group. This results might due to some
patients were diagnosed CKD for a long time. They might be consulted and followed
up by dietitians, medical doctors, or nurses regularly. Therefore, they might have
knowledge to minimize or avoid unhealthy diet.

Among antioxidant nutrients including vitamin A, vitamin E, vitamin C, zinc
and selenium investigated in this study, only vitamin C showed the relationship with
antioxidant enzyme. However, our results also indicated that there is a negative
correlation between rich- vitamin C vegetables and TAS. This result might be
affected by uric acid, as mentioned in the above result that the levels of TAS elevated
in CKD patients compared to the control subjects, which was affected by the
correlation between TAS and uric acid.

It was exhibited that rich-vitamin C vegetable intake and plasma glutathione
peroxidase activity had a positive correlation. The health protection provided by fruit

and vegetables could increase through an combined reductive environment
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transported by plant antioxidants of differing solubility in each of the tissue, cellular
and macromolecular phases [137]. There were many studies reporting that nutrients
such as vitamin A and vitamin C could protect the body by supporting antioxidant
efforts [45, 136]. However, our study is different from previous study in Indian CKD
patients. They showed that there is no correlation between vitamin C intake and
glutathione peroxidase, but there is correlation between vitamin A intake and another
antioxidant marker, SOD (r= 0.175, p <0.05) [13]. Vitamin C is an effective water-
soluble antioxidant, and epidemiologic studies suggest that increased ascorbic acid is
associated with reduced risk of some degenerative diseases. The low levels of plasma
C might reduce the activity of the non-enzymatic antioxidant defense system and also

responsible for increased oxidative stress occurring in chronic renal failure [135].
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CHAPTER 6

CONCLUSION

There were an increase trend in oxidative stress and a decrease trend in
antioxidant enzymes in CKD patients. Malonaldehyde, plasma GPx, and PON-1 were
the reliable markers to evaluate the oxidative — antioxidative imbalance in progression
of CKD patients. Vitamin C in vegetables, a dietary antioxidant, showed the positive
correlation on the antioxidant enzyme activity in the CKD patients. Therefore, it was
suggested that there is a need of the assessment of dietary antioxidants along with
other macronutrients and micronutrients related to their diseased state. Also,
increasing their awareness and changing vegetable consuming behavior may improve

the balance of the oxidative stress and antioxidants in CKD patients.
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CHAPTER 7

LIMITATION AND FUTURE STUDIES

7.1. Limitation

7.1.1. This cross-sectional study collected data in a single time point, so it is
impossible to see clearly how the antioxidant foods influence on the change of
oxidative stress and antioxidant enzymes. However, food frequency questionnaire
also gave us data about participants’ eating habit during the period of time and
showed the correlation between rich-vitamin C vegetables and GPx.

7.1.2. There is a few of subjects in each research group might influence on the
results.

7.1.3. It is difficult to enroll the older healthy participants who match age with CKD

patients subjects.

7.2. Future studies
7.2.1. Investigation of MDA, TAS, GPx, and PON-1 markers should be conducted
in cohort study or randomized control trial to see how dietary antioxidants effect
on the balance of oxidative-antioxidant in CKD patients
7.2.2. There is a need of the assessment of amounts of dietary antioxidants along
with frequency of food intake (semi — food frequency questionnaire) in larger

group of CKD patients.

7.3. Applications

7.3.1. It is suggested that oxidative stress and antioxidant activities markers can be
used for monitoring the progression of CKD in early stages of CKD in order to
manage the balance of oxidation-antioxidant system and delay the disease
progression in the routine clinical service.

7.3.2. Assessment of dietary antioxidants along with other macronutrients and
micronutrients related to CKD, increasing CKD patients’ awareness on dietary
antioxidants, and suggesting patients the appropriate amounts of vegetables and
fruits containing good and rich sources of dietary antioxidants can be included in

the nutrition care process by dietitians or nutritionists as a routine work.
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Some dietary antioxidant profiles of Thai fruits and vegetables per 100 grams of
ready to eat food which contain at least one of five micronutrients > 15% of Thai

DRI

Food name ENERGY ‘ PRO | CHO | FAT ‘ VIT A‘ VITC | VITE ‘ ZN | SE
Meat/ Fish/ Egg

Beef meat lean 150 20 0 7.2 16 - - 3.10 -
Pork spare ribs (Fat 14.7%) 260 215 0 184 | 3.7 B . 1.88 .
Pork loin (Fat 7.7%) 2035 | 265 0 102 | 2.6 0 02 | 1.20 | 339
Pork tenderloin (Fat 3.2%) 116 21 0 3.2 0 0 02 | 100 | 370
Chicken wing, fried 290 258 0 19.9 6 0 - 2.50 -
Beef meat sundried, fried 2817 40.7 3.7 115 35.4 0 - 6.86 R
Shrimp sea 100 20.2 1 1 241 | 115 - 1.61 -
Shrimp common 94.3 186 | 05 1.5 54 2 1.1 | 112 | 380
Squid splendid 68 154 | 06 04 | 2077 0O - 1.10 -
Cockle / Ark shell, blanched 68 105 5.4 05 R 4 - 2.90 -
Mussel green, dried 272 417 | 152 | 49 - 54.2 - 4.93 -
Black pomfret 116 186 | 05 3.6 102 - - 0.30 -
Jellyfish, dried, salted 36 55 0 1.4 2 0 002 | 042 | 422
Crab mud/mangrove meat 128.7 23.1 0 4 288 0 - -

Fish salmon atlantic farmed,

raw 208 20.4 0 13.4 - 390 | 35 | 036 | 240
Finfish roe mixed species 143 223 | 15 | 642 | 90 16 7 1 40.3
Hen egg, whole 13311 | 131 | 1.2 84 | 235 0 1 09 | 303
Fruits

Strawberry 34 0.8 7.6 05 | 0.68 53 0.27 | 0.18 i
Cantaloupe 24 0.6 5.1 0.1 |107.08 | 34 - 0.1 i
Rose apple, green 31 05 7.3 01 | 042 13 i - i
Longan 76 1.2 | 175 | 0.1 0 23.1 i 0.1 0.1
Guava common 52 07 | 121 | 01 | 1.26 | 1544 | 0.22 | 0.11 i
Kiwi fruit 47 0.9 9.5 06 | 492 93 - 0.1 i
Tangelo / Tangerine / Mandarin 45 1 9.9 02 | 11.86 | 19.7 | 041 | 008 | 0.1
Papaya, ripe 41 0.5 9.5 01 | 4037 | 36 - 0.1 1.2
Pomelo 46 0.7 9.9 04 | 221 52 0.2 0.1

Mango (Kiewsaweya variety), -
unripe 85 08 | 199 | 02 | 293 | 299 | 145 | 01

Durian (Monthong variety / -
golden pillow variety) 163 2.2 30.1 3.7 4.36 53.5 0.89 0.25

Litchi 65 1 149 | 02 0 220 | 042 | 017 | 0.1
Cherries eating, raw 59 09 | 141 | 03 | 217 20 i 0.1
Kalanchoe 63 1.2 | 142 | 01 0 32.2 i 013 | 01
Longkong 67 09 | 156 | 01 0 24 i 0.18 i
Mango (Thongdum variety), 82 0.6 19.9 0 - 25 - - -
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Some dietary antioxidant profiles of Thai fruits and vegetables per 100 grams of
ready to eat food which contain at least one of five micronutrients > 15% of Thai
DRI

Eood name ENERGY | PRO | CHO| FAT | VITA|VITC|VITE| 2ZN SE
ripe

Rambutan 77 1 179 | 0.1 0 37.5 0 0.1 0.6
Persimmon, dried 225 34 | 576 | 07 138 0 i 0.3 i
Banana (Namwa variety), - -
unripe 110 1.4 28.7 0.2 24 31 -

Jujube apple 50 1 113 | 01 | 5.08 32 i 0 j
Santol 57 04 | 139 | 0.2 4 14 i - i
Vegetables

Horse tamarind, tender tips 85 9.2 114 0.4 254.7 7 ) - )
Okra, young pods 23 1.5 3.7 02 | 664 | 44 i 0.4 i
Garlic flowers 39 1.4 9.4 0.2 5 44 i i i
Cassia leaves 115 6.3 209 | 071 20 56 ) i i
Seshania flowers 40 1.7 7.9 0.2 0.58 27 ) ) )
Acacia pennata 5494 | 861 | 4182 | 0.41 | 886 | 3854 j 0.41 )
Wing bean pods 26 1.9 4.3 01 | 115 | 27 i 0.3 i
Crawdaisy leaves 19 1.8 33 03 | 2635 | 27 i . i
Indian penny wort leaves 44 18 71 0.9 103 4 ) ) )
Tiliacora triandra Diels 95 5.6 16.1 0.9 329.1 141 ) ) )
Gourd sponge round 26 1 5.1 0.1 - 14 i 0.2 i
Mint leaves 47 3.2 6.7 08 | 2636 | 88 } - i
Sweet basil leaves 40 2.9 6.7 01 | 2266 | 21 j 0.8 i
Water mimosa 48 4.2 6.9 04 | 2947 | 29 i 0.4 j
Mustard green stem and leaves 23 25 2.4 0.4 138.4 118 . 0.2 )
Kale Chinese 27 2.4 37 03 | 96.8 76 i 0.6 i
Ivygourd 31.04 | 3492 | 3.783 | 0.19 | 326.2 | 12.61 i 0.485 i
Thai water morning glory red - -
stem 27 1.8 4.6 02 | 575 58 0.2

Chilli pepper 31 1.4 5.9 02 | 442 52 i 0.2 i
Gourd wax 21.42 | 0.408 | 459 | 0.20 31.62 i 0.102 i
Gourd bitter young leaves 78.21 | 5.742 | 13.16 | 0.29 | 466.5 | 108.9 j - i
Shallot spring 30 2 47 03 | 381 22 i 0.1 i
Horseradish leaves and tender - -
tips 72 74 | 116 | 15 | 3074 | 167 0.6
Mashroom jew's ear, dried 345 7.6 76.9 0.7 0.92 0 ) 5.7 )
Corn baby 30 1.9 5.1 0.2 i 24 i 0.6 i
Spinach 22 2.4 2 0.6 i 17 i 0.8 i
Holy basil leaves 50 33 8.1 05 | 4584 | 24 i 0.5 i
Lettuce red leaf, raw 16 133 | 226 | 022 | 375 3.7 015 | 0.2 15
Broccoli 32.96 | 2.781 | 5.15 | 0.10 | 245 | 132.8 i 0.515 i
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Some dietary antioxidant profiles of Thai fruits and vegetables per 100 grams of
ready to eat food which contain at least one of five micronutrients > 15% of Thai
DRI

Food name ENERGY | PRO | CHO| FAT | VITA|VITC|VITE| 2N SE
Brussels sprouts 37 3.2 5.6 0.2 - 115 i 0.4 i
Yard long bean green, boiled 37 29 8.1 0.1 55 19 - 03 -
Lemon juice 100% 24 0.5 8.3 0 0.5 25 i 0.1 i
Asparagus 25296 | 255 | 3.672 | 01 | 7.14 | 19.38 i 0.51 i
Cauliflower 33 2.5 53 | 02 | 267 | 72 ] 0.3 i
Cabbage 26 15 4.7 0.2 75 25 i 0.2 i
Onion 29 1.4 5.6 0.1 0 22 i 0.2 i
Celery 26 1.6 45 02 | 1151 | 37 i 0.5 i
Tomato 2834 | 1.09 | 5232 | 032 | 369 | 29.43 " |o0218| °
Mungbean sprout 39 3.4 6.1 0.1 1.5 13 i 0.4 i
Carrot 40 1.6 7.9 0.2 |1013 | 19 i 0.2 )
Garden peas pods 47 3 8.5 01 | 592 | 48 i 0.6 i
Egg plant 7696 | 291 | 144 | 083 | 892 | 187 ) 0.20 i
Roselle 57.00 | 1.70 | 124 | 0.10 | 66.4 | 44.00 i - i
Cereals/ Legume/ starchy vegetables

Macaroni, cooked, unenrich 1580 | 58 | 309 | 09 | 00 | 00 | 01 | 05 | 264
Bread whole wheat 2850 | 119 | 472 | 54 0.0 0.0 0.3 21 | 391

Cereal soy based
supplementary food (NesVita

brand) 4000 | 100 | 767 6.7 0.0 500 | 117 - -
Corn flakes (Kellogg's Frosties

supercharged) 3889 | 2.8 | 889 | 00 | 5556 | 250 ; - -
Job's tear whole seeds 365.0 | 148 | 704 | 27 | 20 | 170 - - -
Rice whole grain milled by

machine, steamed 142.0 2.8 29.6 14 0.0 0.0 18.6 1.0 -
Lotus root, raw 65.0 1.0 152 | 0.0 00 | 250 -
Cassava 129.0 0.8 30.9 0.2 1.0 60.0 - 0.3 -
Potato 71.0 25 14.9 0.2 13.0 | 41.0 - 0.7 -
Arrow roots, white 81.0 1.7 | 179 | 03 16.0 - 0.7 -
Sesame seeds, black 553.0 219 | 121 | 46.3 2.0 - 3.2 -
Lotus seeds, dried 3250 | 123 | 663 | 1.2 00 | 145 - 1.0 -
Peanut, boiled 316.0 144 | 114 | 26.3 1.0 5.0 - 1.7 -
Pigeonpea immature seeds,

fresh 119.0 75 21.6 0.6 42 26.0 - 0.9 -
Sunflower seeds, dry, roasted

without salt 582.0 | 193 | 241 | 498 0.0 1.4 26.1 5.3 79.3
Almonds dry roasted with salt

added 597.0 | 221 | 193 | 52.8 0.0 0.0 26.0 35 2.8
Mungbean 351.0 | 217 | 627 15 - - - 2.7 -
Cowpea seeds, black color,

dried 3320 | 238 | 585 0.3 15.5 - - 2.9 -

Chinese chestnut 223.0 66 | 461 | 15 | 100 | 36.0 - 0.9 -
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Some dietary antioxidant profiles of Thai fruits and vegetables per 100 grams of
ready to eat food which contain at least one of five micronutrients > 15% of Thai
DRI

Food name ENERGY | PRO | CHO| FAT | VITA|VITC|VITE| 2N SE
Soybean seeds, dried 4230 | 342 | 339 | 167 | 1.0 8.0 - 2.9 -
Rice bean seeds, dried 356.0 225 61.7 21 7.0 - 2.4 R
Cashew nut, fried 5430 | 183 | 164 | 493 | 20 0.0 - 49 -
Ginkgo seeds, whole 185.0 4.8 38.1 1.6 150 | 25.0 - 0.3 -
Milk and products

Cheese, Cheddar 347.0 | 214 0.8 287 | 1480 | 0.0 - - -
Milk powder reduced fat 406.0 | 304 | 450 | 116 |1450.0 | 121.0 - - -
Milk powdered, full cream 5040 | 246 | 393 | 276 | 983.0 | 37.0 - - -
Milk condensed sweetened 339.0 77 | 570 | 89 | 2210 | 27 0.2 1.0 | 154
Milk tablet, sweet 461.0 148 | 614 | 174 | 203.0 - - - -
Milk powdered, Bear brand

(yellow) 4950 | 145 | 553 | 24.0 | 447.0 | 400 6.0 3.7 -
Milk powdered, Bear brand

(plain) 506.0 | 257 | 374 | 282 | 540.0 | 30.0 5.0 45 -
Milk powder defatted, high

calcium (Anlene) 355.0 386 | 480 0.9 [1000.0 | 13.0 - 5.6 -
Fat and oils -

Peanut oil 8840 | 00 | 00 | 999 | 00 | 00 - 0.0 | 0.0
Olive oil salad or cooking 8840 | 00 0.0 [100.0 | 0.0 00 | 144 | 00 0.0
Rice bran oil 897.8 | 00 | 00 | 9938 - 00 | 76 - -
Shortening bread soybean

(hydrogenated) and cottonseed 884.0 0.0 0.0 100.0 - 0.0 8.0 0.0 0.0
Butter, salted 758.0 0.4 00 | 840 - 0.0 - - -
Seasoning & condiments

Roselle / Red sorrel leaves 57.0 1.7 12.4 0.1 66.4 44.0 - R R
Tomato ketchup 83.0 1.4 21.8 0.2 6.0 13.0 - - -
Curry powder 380.0 95 474 | 169 | 3773 | 0.0 - - -
Bitter orange peels 106.0 2.8 21.3 1.1 115.0 - - -
Garlic, dried bulbs 129.0 6.1 25.8 0.1 14.0 - 1.0 -
Bitter orange; leech leaves,

semidried 138.0 6.8 20.8 3.1 | 1101 | 200 - - -
Cumin / Yeera, seeds 354.0 169 | 54.2 7.7 7.3 7.0 - - -
Chilli bird ground 4650 | 142 | 540 | 21.4 | 7178 | 110 - - -
Coriander seeds 3250 | 136 | 664 | 0.6 6.2 0.0 - 45 -
Coriander root 57.0 1.7 | 122 | 02 - 30.0 - - -
Curry paste, red 114.0 5.3 18.1 2.2 - 22.0 - - -
Shrimp paste, fermented, first

class quality / Kapi (Thai) 120.0 8.6 6.8 1.0 - 0.0 - 2.0 -
Beverages

Orange juice 33.0 0.7 7.4 0.1 - 13.0 - - -

Soymilk, no sugar hi calcium
(Vsoy brand) 47.8 3.9 35 2.0 - 5.2 35 - -
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Some dietary antioxidant profiles of Thai fruits and vegetables per 100 grams of
ready to eat food which contain at least one of five micronutrients > 15% of Thai
DRI

Food name ENERGY | PRO | CHO| FAT | VITA|VITC|VITE| ZN SE

Soymilk, low sugar hi folate
plus corn milk (VITAMILK

brand) 60.9 3.0 6.1 2.6 - 2.6 1.5 - -
Pomegranate Juice 100%

(Tipco brand) 30.0 0.0 8.0 0.0 | 2000 | 0.0 1.8 - -
Carrot with mixed fruit juice

100% (Unif brand) 45.0 0.0 11.0 0.0 604 | 15.0 0.4 - -
Soymilk, Cereal Flavour

(Foremost brand) 104.4 35 14.4 35 121.7 - - - -
Strawberry Juice 100% UHT

(DoiKhum brand) 55.0 0.5 13.0 0.0 1195 - - - -
Pineapple Juice 100% (Malee

brand) 50.0 0.0 11.5 0.0 120.0 - - - -
Grape red Juice 100% (Tesco

brand) 50.0 0.0 125 0.0 0.0 16.7 - - -
Orange Juice 100% (UFC

brand) 55.0 0.0 13.0 0.0 0.0 95.0 - - -
Red Apple red Juice 100%

(Tesco brand) 55.0 0.0 13.5 0.0 0.0 18.0 - - -
Tomato Juice with Mixed Fruit

Juice 60% (Malee brand) 55.0 0.0 135 0.0 1200 | 6.0 15 - -
Guava Juice 100% UHT 65.0 0.0 16.5 0.0 0.0 76.3 - -

Chocolate flavoured drink 3 in
1 instant powder mix (Milo
brand) 428.6 11.4 68.6 11.4 | 228.6 - - - -

Passion fruit juice 60.0 0.9 12.4 0.8 20.4 | 30.0 - - -

Appetizer and local dishes

Noodle sheets soup with meat
and tofu / Guayjub (Thai) 83.2 4.6 8.6 34 | 1196 | 0.2 0.1 0.3 3.9

Crab and ground pork wrapped
with tofu skin fried /
HoyJortod (Thai) 335.8 17.7 13.8 235 | 60.1 0.0 0.3 0.7 9.0

Bun steamed, red pork filled 2428 | 103 | 355 | 6.4 0.9 0.0 0.7 06 | 102

Southern style rice salad : rice
with assorted vegetables served
with southern fish sauce (nam
boodoo) / Khaoyumpaktai

(Thai) 151.3 3.8 24.4 4.3 8.2 14.7 0.2 0.4 2.2
Meat salad, Northeastern style /

Laabnhua (Thai) 118.3 12.8 7.3 4.1 |1864.1 8.5 0.0 2.0 4.4
Mashed fresh chilli mixed with

condiments /Jaewpriksod (Thai) 57.0 4.7 8.3 0.7 225 18.8 - 0.2 -

Saute mungbean noodle and
hen egg / Padwunsensaikhaikali

(Thai) 212.4 5.9 25.7 9.5 62.1 2.6 0.3 0.4 10.7
Green papaya salad / -

Tummalakor (Thai) 32.6 14 6.3 0.2 5.6 315 0.0 -
Unripe mango salad / -

Tummamoungdib (Thai) 82.8 0.7 195 0.3 105 31.6 0.0 0.5
Medical foods

Nutren Optimum (powder) 4540 | 200 | 58.0 | 16.0 | 539.9 | 650 | 9.0 65 | 18.0

Nutren Balance (powder) 4470 | 171 | 50.1 | 19.8 | 539.9 | 63.0 | 13.0 6.8 18.0
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Some dietary antioxidant profiles of Thai fruits and vegetables per 100 grams of
ready to eat food which contain at least one of five micronutrients > 15% of Thai
DRI

Food name ENERGY | PRO | CHO| FAT | VITA|VITC|VITE| 2N SE
Nutren Fibre (powder) 430.0 | 172 | 55.0 | 163 | 509.9 | 60.0 | 120 | 6.0 | 17.0
Peptamen (powder) 478.0 | 204 | 631 | 16.0 | 7424 | 90.0 | 165 | 65 | 19.0
GenDM (powder) 4521 | 170 | 616 | 153 | 3393 | 339 | 6.8 36 | 150
Blendera (powder) 450.0 | 172 | 62.8 | 152 | 296.2 | 1343 | 149 | 76 -

Glucerna SR (powder) 425.0 | 212 | 558 | 154 | 3186 | 414 | 142 | 46 | 205
Ensure FOS (powder) 4280 | 159 | 57.4 | 14.0 | 4505 | 540 | 110 | 47 | 220
Nepro (liquid per 100 ml) 2004 | 7.0 | 222 | 96 | 318 | 106 | 0.0 24 | 101
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APPENDIX 11

The Content validity index form for PART 111 Food frequency in the past 3 months

Relavance scores
Lo . . Questions | Highly Quite | Somewhat Not )
Objectives Questions (English) (Thai) relevant | relevant | relevant | relevant I-CVI
4 3 2 1
Question 1: Did you eat .
Meat/ Fish and Aquatic/ musulszmuennssnifedad/ dawazennsnzial Tinselai?
Egg and products?
Table 1: Asking frequency of food intake in Meat/ Fish and Aquatic/ Egg and products group
06040 E;ef meat medium e sAnii
06042 | Beef meat lean o T hifaiu
Pork spare ribs (Fat 4
06053 14.7%) Flasany
i Lf‘fawuua”uuaﬂ
06068 | Pork loin (Fat 7.7%) N
(lsiu 7.7%)
K tenderloi Lﬁawyﬁﬂu Iy
06069 g%r%;en erloin (Fat iifouna (lusiy
3.2%)
06095 | Chicken wing, fried Unlrnea
Frequency - -
Fish and
Aquatic/ | 07001 | Shrimp sea BLAL
Egg and g
products | 07003 | Shrimp common Rufida (fadin)
mta_ke . . Jamiinndae/
during past | 07041 | Squid splendid a5
3 months
07060 Cockle / Ark shell, MoUIATIAIN
blanched
07062 | Mussel green, dried | vosuuasguis
07073 | Black pomfret Uawzaziiad
Jellyfish, dried, uanszngu Ui
Ui salted iy
07116 %ﬁg mud/mangrove ioynzin
07200 Fish salmon atlantic T
farmed, raw
08023 Flnfl_sh roe mixed Toadan (nikoy
species
08004 | Duck egg, whole Tiila avlos
08006 | Duck egg, salted Tl iy
08011 | Hen egg, whole il arlos
Question 2: Did you eat msulsgmuralivielale
Fruits?
Table 2: Asking frequency of food intake in Fruit group
05002 | Banana (Namwa v i
Frequency variety), unripe
of Fruits | 05008 | Rambutan e
zjnta_ke 05009 | Rose apple, green i 130
Sur:(r;r?tﬁsst 05012 | Durian NiTou nueuUN
05015 | Guava common i5a
05016 | Jujube apple ULER]
05042 | Papaya, ripe wzazne gn
05049 | Longan a1l
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The Content validity index form for PART 111 Food frequency in the past 3 months

Relavance scores
L . . uestions i i
Objectives Questions (English) Q(Thai) r?l?vhalr{t re(lgeuvlft;\ent S?erlneilvgnta : reI’:\?;[mt I-CvI
4 3 2 1
05050 | Santol nyzvou
05056 | Litchi i
05059 | Kalanchoe GETRITE S
05061 Tangelo /.Tangerine Fuerrnu
/ Mandarin
05062 | Pomelo dule
05066 | Cantaloupe uauAgY
05079 | Persimmon, dried QnaD 1
05082 | Strawberry anseIess
05096 | Mango, ripe wzianesh qn
05098 | Mango, unripe WN;T e
05107 | Cherries eating, raw wois
05123 | Kiwi fruit "
05157 | Longkong a0nea
Question 3: Did you eat muSulszmudanseli?

Vegetables?

Table 3: Asking frequency of food intake in Vegetable group

04002 Horse tamarind,

nsziu veRdoU

tender tips
04005 | Cauliflower nzwdmen
04009 | Cabbage nzwanla
osno | Ok iy g, i
04011 | Garlic flowers ApANsZIioN
04023 | Cassia leaves mdn lu
04025 | Sesbania flowers aonuA
04027 | Acacia pennata vrOU
04035 | Munghbean sprout fheen
Frequency 04040 gY[_ae;dn,%réﬁllggan e du
S/fegetable 04042 | Wing bean pods i ﬁm in |
intake 04044 | Garden peas pods e Angou
during past 04050 | Holy basil leaves lunging
3 months 04051 | Crawdaisy leaves Tuda18
04052 Indian penny wort Jurioun
leaves
04059 Tiliacora triandra Tudn
Diels

VIVYDN / U

04061 | Gourd sponge round

nay

04063 | Mint leaves luazszumi
04065 | Sweet basil leaves TuTnszmn
04070 | Water mimosa Annszing
04077 Mustard green stem i
and leaves

04081 | Kale Chinese finazrh
04082 | Celery Anfise A
04087 | Ivygourd Andda

04092 | Thai water morning  |inifalne dunas
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The Content validity index form for PART 111 Food frequency in the past 3 months

Relavance scores
Questions | Highly Quite | Somewhat Not

Objectives Questions (English) (Thai) relevant | relevant | relevant | relevant I-CvI
4 3 2 1

glory red stem

04106 | Chilli pepper WInuIN

04109 | Gourd wax Wniden

04114 Gourd bitter young UZ5E YABOU
leaves

04117 | Egg plant uzifona

04121 | Tomato uziiloma

04133 | Shallot spring Funon

04136 | Onion nowialwg)

Horseradish leaves

04155 and tender tips vontuuzgu
04160 cl}/:?;;room Jewss ear, ey
04166 | Asparagus wiolsi3a
04167 | Carrot uAsON
04168 | Broccoli vienlnd
04180 | Corn baby fnlnasen
04195 | Lemon juice 100% | vhwzun 100%
04196 | Brussels sprouts wyusngd
04225 | Spinach Amaerd

04248 | Lettuce red leaf, raw | finmavieusiag

Roselle / Red sorrel | nszidounfen

04245 leaves a9

Question 4: Did you eat
Cereals and legumes/
starchy vegetable?

rusudszmu hrondlaFaiiy vieliz

Table 4: Asking frequency of food intake in Cereal and legume/ starchy vegetable group

Biscuits plain / vumliiaiin
01007 | Buttermilk 53301/ vuuile
commercially baked nseu

01008 | Bread white sliced uwle ¥19 wHy

Job's tear whole

01035 seeds gnifiey
Frequency 1 Twa ukiven
of Cereals nsou/Avlman
and Corn flakes . indeurhaa (a5
legumes/ 01043 | (Kellogg's Frosties iy
starchy SUPERCHARGES) naaondise
vegetable o qrlalos
intake _ N3)
during past | 1045 | Macaroni, cooked, | o 5
3 months unenrich

01048 | Bread whole wheat wunifalaain

Rice whole grain .
01056 | milled by machine, drudnde e

steamed
TYYIMI I
Cereal soy based Eum e ady
01127 | supplementary food c ]
(NesVita brand) e
UaIM
02005 | Potato el

02008 | Cassava fudilznas
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The Content validity index form for PART 111 Food frequency in the past 3 months

Relavance scores

L . . Questions | Highly Quite | Somewhat Not )
Objectives Questions (English) (Thai) relevant | relevant | relevant | relevant I-CvI
4 3 2 1
02026 | Arrow roots, white 19U
02030 | Lotus root, raw 5101
03002 | Chinese chestnut imaaIu
03005 gﬁ;agscls(EEds’ white A M30U17 A
03016 Cowpea _seeds, black Tm .
C0|OI’, dried 10aA LN
03021 | Peanut, boiled dde du
#1500
03024 | Mung bean e s
03027 | Soybean seeds, dried mim@:
aa LUng
03029 (Fjii.ce bean seeds, ﬁ'”:umy
ried 1aA 1N
Pigeonpea immature  [iusz midagou
03030 seeds, fresh an
03033 | Lotus seeds, dried a1 s
03037 | Cashew nut, fried :mmim
HUWIUA NOA
03050 | Ginkgo seeds, whole | uilsfaudu
Sunflower seeds, Sy
03053 | dry, roasted without DR AT D)
salt uta i lilanae
Almonds dry roasted [ wiadauoud i
03077 | \yith salt added Yinde
Question 5: Did you eat Milk umnamiedulszmundasamioinumiehiz
and dairy products?
Table 5: Asking frequency of food intake in Milk and dairy product group
09002 Milk condensed T
sweetened
Milk powdered, full -
09009 cream UUH Yarsy
Frequency 09037 | Cheese, Cheddar wonds aans
of Milk 09050 Milk powdered, Bear | wunasmil
and dairy brand (yellow) (nsziloamang)
PrOEUCtS Milk dered. B UURIAT N
intake ilk powdered, Bear | . . .
during past 09081 brand (plain) (A nEtiod
3 months w)
Milk powder UBAN ALY
09082 | defatted, high unaidongs (ou
calcium (Anlene) A)
09087 Milk powder uuw:ws'm;zuma
reduced fat LG LIE T
i umlgauas
09096 | Milk tablet, sweet Ny
TANNU YUALUA
Frequency Question 6: Did you eat Fat miliisamesuglumsiszneuamisniolaiz
of Fatand | andoil?
oil intake Table 6: Asking frequency of food intake in Fat and oil group
during past | 10003 | Peanut oil Viudada
3 months 10008 | Bultter, salted TR 1A
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The Content validity index form for PART 111 Food frequency in the past 3 months

Relavance scores

L . . Questions | Highly Quite | Somewhat Not )
Objectives Questions (English) (Thai) relevant | relevant | relevant | relevant I-CvI
4 3 2 1
10021 Ollve. oil salad or Yhifunznen
cooking
10024 | Rice bran oil afugin
Shortening bread "’Wf”‘”?“ v
soybean il imiugamaes
10026 (hydrogenated) and uazthe (lala
cottonseed S
‘H'E]VIL!'VI‘N‘]T‘N AU
Shorten_ing gy sl
10029 | confectionery . ) .
fractionated palm m”:”l" e
nay
Cream whipped, .
10032 | cream topping, Tftleeiiu
pressurized
Question 7: Did you eat ﬁmaﬁmnémﬂym wielfindeaundumaszneuermaniehiz
Condiment and seasoning?
Table 7: Asking frequency of food intake in Condiment and seasoning group
Shrimp paste,
12003 | fermented, first class |nsTds quamad
quality / Kapi (Thai)
goauzliome /
12005 | Tomato ketchup —
12013 | Curry paste, red dwdnunauns
12015 | Curry powder PNz
Frequency 12030 | Bitter orange peels Amuznga
of 12033 | Garlic, dried bulbs nszifion 1
Condiment Bitter orange; leech luuznga feutha
and 12036 | 1oaves, semidried s
?staaslfenlng 12038 | Cumin/ Yeera, seeds T
during past | 12042 | Chilli bird ground Wiy
3 months 12058 | Coriander seeds ind wda
12059 | Coriander root in% 5
12073 Soup, (_:hlcken broth s 3l
or bouillon, dry
i . nIReNR
12077 | Garlic, deep fried I
Soup, beef broth or
12082 | bouillon, powder, sl sanife
dry
Soup instant, pork /| e oo
12083 | chicken broth, cube, | "lq' )
dry (Knor brand) /i
Question 8: Did you eat - w4 s A
7]11!51]1]537]11! VBIHNU 1VINDT "li’)ﬁﬂii,l?iii’)ﬂ'l?ﬂi’sn ma"lu?
Frequency Sweet, Bakery, Snacks or Ice
of Sweet/ cream?
Bakery/ Table 8: Asking frequency of food intake in Sweet, Bakery, Snacks Ice cream group
Snacks/ Ice 09100 | Ice creams vanilla Tean3umniian
cream Karioubsaich -
intake 18005 Tarrlpu saichem e 1 dity
during past (Thai) - -
3 months 18017 Bread magarine, upfam iy

toast

y
Tserhana
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The Content validity index form for PART 111 Food frequency in the past 3 months

Relavance scores

L . . Questions | Highly Quite | Somewhat Not )
Objectives Questions (English) (Thai) relevant | relevant | relevant | relevant I-CvI
4 3 2 1
KanomPia (black TN
h Yoy 1
18025 bean) (Thai) vuntes 1daah
Peanut bake / P
18027 Khokhea (Thai) v Tiun
18073 | Kanombali (Thai) Junana
Egg yolk sheeted in
18097 | heavy syrup cupped / NeNoY
Thongyip (Thai)
Gold threads egg
yolk strained in |
18101 heavy syrup / LGN
Foithong (Thai)
Roti with sweet Tsf T
18133 | condented milk and  |wazihana Tl
sugar Y
Cream puffs,
18170 pre_pared from ] toun$ 1deisu
recipe, shell, with
custard filling
Doughnuts
01129 | yeastleavened with Tonin deisu
cream filling
18114 | Egg custard, baked | vuuniffounsly
18121 Native me'.on n nziuaglne
coconut milk
Question 9: Did you drink v Y oyg o4 A Ay
BeVerage') MUAN HIHINUH mwa"lummmmﬂuma"lm
Table 9: Asking frequency of food intake in Beverage group
14002 | Orange juice héuu
14030 | Passion fruit juice Wiamsas
Chocolate flavoured | ‘mresfmse
drink 3in 1 instant  |JonTnua s fia
14055 powder mix (Milo duSog1 3in1
brand) @31 1uTa(
Guava Juice 100% Wl 100%
14087 UHT unaIFeNg UHT
Frequency Strawberry Juice thawsonods
of 14091 | 100% UHT 100% UHT (A31
Beverage (DoiKhum brand) ADOA1)
intake - - T
; Pineapple Juice Wduilzaa 100%
during past | 14095
3 mor?trﬁ)s 100% (Malee brand) i (M31113)
Tomato Juice with ~ [Mhwsiomenms
14096 | Mixed Fruit Juice viwa'lifsam 60%
60% (Malee brand)  |m31n@ seif plus)
14098 Red Apple red Juice | vuevilauns
100% (Tesco brand)  |100% @31Tesco)
Grape red Juice theuun 100%
14099 100% (Tesco brand) (A31Tesco)
Pomegranate Juice wivin 100%
14101 100% (Tipco brand) (A31Tipco)
14110 Carrot with mixed hunsenray

fruit juice 100%

walif32% 100%
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The Content validity index form for PART 111 Food frequency in the past 3 months

Relavance scores

L . . Questions | Highly Quite | Somewhat Not )
Objectives Questions (English) (Thai) relevant | relevant | relevant relevant I-CVI
4 3 2 1
(Unif brand) (A3Unif)
. unsmAe Hay
14124 Soymilk, Cereal WHY SATYINS
Flavour o
59U
Question 10: Did you eat *vim%’m]ismummiinﬂ?emgmmiﬁméuﬁ%‘lﬁ?
Appetizer or local dishes?
Table 10: Asking frequency of food intake in Appetizer and local dish group
16004 mtﬂeprc:ﬁi ZZZdiﬁZ Aufiondh
soysauce Ainason ld la
16009 E;gfewnh shrimp d1ngnnzdl
Rice fried with pork, | . . s
16010 vegetable and egg dndanyld’ly
Noodle sheets soup . g
16043 with meat and tofu a8
Southern style rice
salad : rice with
16049 | assorted vegetables Frdulndld
served with southern
Frequency fish sauce
of Rice noodles, big )
Appetizer/ | 16073 | size with pork and ifulvi) vy i
Local soup
_dlshes 16076 Macaroni fried with foginns T3t 1
intake pork X
during past Crab and ground
3 months 16082 | pork wrapped with voudonen
tofu skin fried
16098 | BU steamed, red anamh Ty
pork filled 1A
16123 fsr?;jng roll, deep eitleznan
Mashed fresh chilli
17020 | mixed with wIIWINaR
condiments
17036 | Unripe mango salad duzahsdy
17064 Saute_Chlnese water oo
morning glory
17065 | Saute mungbean il 14l
noodle and hen egg
Meat salad, .
17076 Northeastern style e (Ommy
17079 | Green papaya salad fuzazno
Question 11: Did you eat msSudssmuemisvhinila e1nseuan) viehi?
Fast food?
Frequency Table 11: Asklng frequency of fczoq |nEak(i in Fast food group
of Fast | 16023 E’F'fza' b e
food intake 1zza Au Wdm)
during past 16040 S_andwmh with tuna -,
3 months fish
Sanwich, pork a}nd unie iy
16093 | ham shreede chinese

style filled

Ho0I + Lay
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The Content validity index form for PART 111 Food frequency in the past 3 months

Relavance scores
L . . Questions | Highly Quite | Somewhat Not )
Objectives Questions (English) (Thai) relevant | relevant | relevant | relevant I-CvI
4 3 2 1
Rice sausage pork  |ldnsen vy
16107 | mixed, grilled (Fat & e
19.3%) (Fat 19.3%)
16110 | Croissants butter S0 14y
Chicken broilers, 14 v 0 v
16118 | drumstick, fried "
f|0ur FUHLINDA
Chicken breaded and |y qa o
16122 | fried, boneless " ﬂ“ )
pieces plain HINYUUIN noa
WENDY'S ‘]r'_ wamvesines li
16183 | Hamburger without Y
Cheese FUNRRIIS T
Question 12: Did you eat ilduemsmemammdriaimiohiz

Medical food?

Table 12: Asking frequency of food intake in Medical food group

Nutren Optimum < S
22001 (powder) fumsu eovldsy
22002 Nutren Balance placsh
Frequency (powder)
of Medical | 22003 | Nutren Fibre (powder)| #iumsu liuod
food intake | 22010 | GenDM (powder) Fudidy
gurgcr)]rg\tﬁ:a 22013 | Blendera (powder) IwauAes1
22014 | Glucerna SR (powder)|ngow oo
29015 Ensure FOS auﬂ?:i'mvﬂ:tfﬁ
(powder) saatian fiidu
N (liquid il Tals
epro (liquid per oy 4
22018 100 mL) ﬁvuﬂulw niouAu
HUIY WA,
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APPENDIX 111
The content validity index evaluated by three experts
Objectives Questions (English) Question Relavance score I-CVI
(Thai) Expert 1 | Expert2 | Expert3
Frequency of Question 1: Did you eat Meat/ Fish | siwsulszmusmomiledni dawazermsnzialonesi?
Meat/ Fish and Aquatic/ Egg and products?
and Aquatic/ | Table 1: Asking frequency of food intake in Meat/ Fish and Aquatic/ Egg and product group
Egg and 06040 | Beef meat medium fat o afmiu 2 3 3 0.7
products 06042 | Beef meat lean ot hidasi 3 3 3 1
ggftkg g%rr:?ﬁs 06053 | Pork spare ribs (Fat ERa— 3 3 3 1
14.7%)
06068 Pork loin (Fat 7.7%) rﬁawgﬁuuﬂn 3 3 3 1
(lsi 7.7%)
06069 Pork tenderloin (Fat Wonydulu/ 3 3 3 1
3.2%) wgnﬁmm
(s 3.2%)
06095 Chicken wing, fried n'linea 3 3 3 1
06165 Beef meat sundried, fried ifioFmennan 3 3 3 1
1Ao7 (31012)
07001 Shrimp sea Rangia wden 3 3 3 1
¥ Wt
07003 | Shrimp common Fudida Fudn) 3 3 3 1
07041 Squid splendid damiinnde/ 3 3 3 1
niinvaoa
07060 Cockle / Ark shell, MouUATY 8N 3 3 3 1
blanched
07062 Mussel green, dried WeulafUR 3 3 3 1
07073 Black pomfret anzaziiad 3 3 3 1
07083 | Jellyfish, dried, salted INATENGY 3 3 3 1
W i
07116 | Crab mud/mangrove dornzia 3 3 3 1
meat
07200 Fish salmon atlantic Hawsanen 3 3 3 1
farmed, raw
08023 Finfish roe mixed species | ‘liia endo) 3 3 3 1
08004 | Duck egg, whole Tifla warles 4 3 3 1
08006 Duck egg, salted Tiidla i 4 3 3 1
08011 | Hen egg, whole Ti'lA Warlea 4 3 3 1
Frequency of Question 2: Did you eat Fruits? mufulszmuwaliivnieli?
Fruitsintake  [Taple 2: Asking frequency of food intake in Fruits group
during past 3 (705002 | Banana (Namwa variety), | ndwonid an 3 3 3 1
months unripe
05008 Rambutan g 3 3 3 1
05009 Rose apple, green By 1500 3 3 3 1
05012 Durian NiSounueUND 3 3 3 1
05015 | Guava common i 3 3 3 1
05016 | Jujube apple Wna 3 3 3 1
05042 Papaya, ripe wzazno gn 3 3 3 1
05049 Longan a'lo 3 3 3 1
05050 Santol nszfou 3 3 3 1
05056 Litchi i 3 3 3 1
05059 Kalanchoe hidu 3 3 3 1
05061 | Tangelo/ Tangerine / Hudrama 3 3 3 1
Mandarin
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Objectives Questions (English) Question Relavance score I-CVI
(Thai) Expert1 | Expert2 | Expert3
05062 Pomelo dule 3 3 3 1
05066 Cantaloupe uaugy 3 3 3 1
05079 | Persimmon, dried qandl s 3 3 3 1
05082 Strawberry ansoleis 3 3 3 1
05096 Mango, ripe wzalanoah 3 3 3 1
qn
05098 Mango, unripe wzihadsnay 3 3 3 1
1]
05107 | Cherries eating, raw wodh 3 3 3 1
05123 Kiwi fruit R 3 3 3 1
05157 Longkong a04n0Y 3 3 3 1
Frequency of Question 3: Did you eat muSulszmudnnseli?
Vegetable Vegetables?
intake during  ["Taple 3: Asking frequency of food intake in Vegetable group
past3months 704002 | Horse tamarind, tender n3zAY voABou 3 3 3 1
tips
04005 C?iuliflower nzugdnen 3 3 3 1
04009 Cabbage nznanla 3 3 3 1
04010 | Okra (lady's finger), nsziRouNeY 3 3 3 1
young pods fnsou
04011 Garlic flowers AonNNIZIioY 3 3 3 1
04023 | Cassia leaves i 3 3 3 1
04025 Seshania flowers aonun 3 3 3 1
04027 | Acacia pennata ¥rou 3 3 3 1
04035 | Mungbean sprout d3on 3 3 3 1
04040 Yard long bean green, e fu 3 3 3 1
boiled
04042 Wing bean pods oy dn 1
04044 | Garden peas pods e in 1
00U
04050 Holy basil leaves Tungwg 3 3 3 1
04051 Crawdaisy leaves Tuda18 3 3 3 1
04052 Indian penny wort leaves | luifun 3 3 3 1
04059 | Tiliacora triandra Diels Tugmna 3 3 3 1
04061 Gourd sponge round e / 1w 3 3 3 1
nay
04063 Mint leaves Tuagszum 3 3 3 1
04065 Sweet basil leaves TuTnszm 3 3 3 1
04070 Water mimosa Ainnszina 3 3 3 1
04077 Mustard green stem and Fnmaidion 3 3 3 1
leaves
04081 Kale Chinese finazih 3 3 3 1
04082 | Celery fduse /i 3 3 3 1
04087 Ivygourd finda 3 3 3 1
04092 | Thai water morning glory | smislne du 3 3 3 1
red stem .
04106 Chilli pepper Winvean 3 3 1
04109 Gourd wax e 3 3 3 1
04114 Gourd bitter young w5z gensoU 3 3 3 1
leaves
04117 Egg plant w2 3 3 3 1
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Objectives

Questions (English) Question Relavance score I-CVI
(Thai) Expert1 | Expert2 | Expert3

04121 Tomato uziloms 3 3 3 1
04133 Shallot spring Ruvioy 3 3 3 1
04136 Onion nowria lng) 3 3 3 1
04155 Horseradish leaves and voaluuzgy 3 3 3 1

tender tips
04160 Mashroom jew's ear, stayryu 3 3 3 1

dried
04166 | Asparagus wiio I3 3 3 3 1
04167 Carrot 1AION 3 3 3 1
04168 | Broccoli vienTnd 3 3 3 1
04180 Corn baby ininagou 3 3 3 1
04195 | Lemon juice 100% wizina 100% 3 3 3 1
04196 Brussels sprouts ngnd 3 3 3 1
04225 Spinach fAnthoda 3 3 3 1
04248 Lettuce red leaf, raw fAnmaveaning 3 3 3 1
04245 | Roselle / Red sorrel nseiounfin 3 3 3 1

leaves

(@)

Frequency of
Cereals and
legumes/
starchy
vegetable
intake during
past 3 months

Question 4: Did you eat Cereals
and legumes/ starchy vegetable?

mFulszmudn/ulle/Fayiivnselai?

Table 4: Asking frequency of food intake in Cereals and legumes/ starchy vegetable group
2

01007

Biscuits plain /
Buttermilk commercially
baked

yumliliana

s3sua / vuu

2

0

Jansou
01008 Bread white sliced e 1 3 3 3 1
WY
01035 | Job's tear whole seeds qnifey 3 3 3 1
01043 Corn flakes (Kellogg's g urivey 3 3 3 1
FROSTIES PR
SUPERCHARGED) s
fﬁma
01045 Macaroni, cooked, Wnz st du 3 3 3 1
unenrich
01048 Bread whole wheat yuuilalaain 3 3 3 1
01056 | Rice whole grain milled | sdndes s 3 3 3 1
by machine, steamed
01127 Cereal soy based Fyamg T 3 3 3 1
Supplementary fOOd ﬁ%\ilau Lﬂ%ﬂ\iéu
(NesVita brand) Sadosn) am
waidh
02005 Potato Tl 3 3 3 1
02008 Cassava Hudnlznda 3 3 3 1
02026 | Arrow roots, white Mg 3 3 3 1
02030 Lotus root, raw 1mh 3 3 3 1
03002 Chinese chestnut IMaadu 3 3 3 1
03005 Sesame seeds, white and 1 Mo 3 3 3 1
black fu
03016 | Cowpea seeds, black e wda ua 3 3 3 1
color, dried
03021 Peanut, boiled ddas du 3 3 3
03024 Mung bean dve wia 3 3 3
uit
03027 | Soybean seeds, dried dundes wia 3 3 3 1
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Objectives Questions (English) Question Relavance score I-CVI
(Thai) Expert1 | Expert2 | Expert3
s
03029 | Rice bean seeds, dried duag wda 3 3 3 1
urg
03030 Pigeonpea immature dnse wita 3 3 3 1
seeds, fresh Sou an
03033 Lotus seeds, dried wiath urs 3 3 3 1
03037 Cashew nut, fried WaaNzN fiy 3 3 3 1
UA oA
03050 Ginkgo seeds, whole ufzfag Ay 3 3 3 1
03053 Sunflower seeds, dry, waamuaz iy 3 3 3 1
roasted without salt uis $lildinge
03077 | Almonds dry roasted wiasaueud 3 3 3 1
with salt added & ldinde
Frequency of Question 5: Did you eat Milk and Mudnamdesulsymundnfasionuumiels?
Milk and dairy products?
dairy Table 5: Asking frequency of food intake in Milk and dairy product group
prOdUCtS . 09002 Milk condensed wutumu 3 3 3 1
intake during sweetened
past 3 months  "ng009 | Milk powdered, full e I 3 3 3 1
cream
09037 Cheese, Cheddar weud wans 3 3 3 1
09050 Milk powdered, Bear UURIAT N 3 3 3 1
brand (yellow)
09081 Milk powdered, Bear UURIAT N 3 3 3 1
brand (plain)
09082 Milk powder defatted, UK V13U 3 3 3 1
high calcium (Anlene) g uAAFeNg
09087 Milk powder reduced fat | wunaniouiume 3 3 3 1
GEILEIE Y
09096 Milk tablet, sweet uulyanaesa 3 3 3 1
nu wiadia
Frequency of Question 6: Did you eat Fat and i/ nelumsisznevermsnielsi?
Fat and oil 0ils?
intake during Table 6: Asking frequency of food intake in Fat and oil group
past3 months | 10003 | Peanut oil Yuludaans 3 3 3 1
10008 Butter, salted AR 1Ay 3 3 3 1
10021 | Olive oil salad or duhunznen 3 3 3 1
cooking
10024 | Rice bran oil duiuiim 3 3 3 1
10026 | Shortening bread FonuNuig 3 3 3 1
soybean (hydrogenated) wls v
and cottonseed damdes uasth
10029 Shortening confectionery | sonunuiia 2 2 3 0.3
fractionated palm Aol
usndunum
Fuinhdu
10032 Cream whipped, cream Fulilaritu 2 2 3 0.7
topping, pressurized
Frequency of Question 7: Did you eat rufannienlzesanielfindewnddunssznovemsnie’si?
Condiment Condiment and seasoning?
and seasoning | Table 7: Asking frequency of food intake in Condiment and seasoning group
intake during 12003 | Shrimp paste, fermented, | nzilds ganm 4 3 3 1

past 3 months

first class quality / Kapi

=

fa
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Objectives Questions (English) Question Relavance score I-CVI
(Thai) Expert1 | Expert2 | Expert3
(Thai)
12005 Tomato ketchup ypauzilomea/ 4 3 3 1
HANT
12013 | Curry paste, red duidnunaung 4 3 3 1
12015 | Curry powder Nz 4 3 3 1
12030 Bitter orange peels fugnga 4 3 3 1
12033 Garlic, dried bulbs Aoy ¥ 4 3 3 1
12036 Bitter orange; leech Tuuznga 4 3 3 1
leaves, semidried Aouthants
12038 | Cumin/ Yeera, seeds GUER 4 3 3 1
12042 Chilli bird ground Waiﬂ%?il“‘l T 4 3 3 1
12058 | Coriander seeds A% wia 4 3 3 1
12059 | Coriander root #in% 10 4 3 3 1
12073 Soup, chicken broth or alwa saln 2 3 3 0.7
bouillon, dry
12077 Garlic, deep fried nyzifieuine 2 2 3 0.3
nIoUIRY
12082 | Soup, beef broth or aune seiite 2 3 3 0.7
bouillon, powder, dry
12083 Soup instant, pork / aldoutlya 2 3 3 0.7
chicken broth, cube, dry | 54y /8
(Knor brand) \
Frequency of Question 8: Did you eat Sweet/ Asulszmuveanau wined eshanelornduniehi?
Sweet/ Bakery/ Snacks/ Ice cream?
Bakery/ Table 8: Asking frequency of food intake in group Sweet/ Bakery/ Snacks/ Ice cream
Snacks_/ Ice 09100 Ice creams vanilla Tostrizumniian 2 2 3 0.3
creamintake 778005 | Karipubsaichem (Thai) | nevisih/idis 2 2 3 0.3
gquorrlﬂﬁspast 3 18017 Bread magarine, toast muu:}qmmﬂﬁu 2 2 3 0.3
Tsenhena
18025 | KanomPia (black bean) yuniiloz 1dda 2 2 3 0.3
(Thai)
18027 | Peanut bake / Khokhea douThun 2 2 3 0.3
(Thai)
18073 | Kanombali (Thai) unaa 3 2 3 0.7
18097 Egg yolk sheeted in NoaHBY 3 2 3 0.7
heavy syrup cupped /
Thongyip (Thai)
18101 Gold threads egg yolk oaneq 2 3 3 0.7
strained in heavy syrup /
Foithong (Thai)
18133 Roti with sweet Tsalsounduaz 2 3 3 0.7
condented milk and sugar | e el
18170 Cream puffs, prepared euni ldesu 2 3 3 0.7
from recipe, shell, with
custard filling
01129 Doughnuts yeastleavened | Taiin 'Ide3u 3 2 3 0.7
with cream filling
18114 Egg custard, baked yunntiounaly 2 3 3 0.7
18121 Native melon in coconut | neiiuas’ng 2 3 3 0.7

milk
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Objectives Questions (English) Question Relavance score I-CVI
(Thai) Expert 1 | Expert 2 | Expert 3
Frequency of | Question 9: Did you drink Aumnima dwelinieniesiimiehiz
Beverage Beverages?
intake during Table 9: Asking frequency of foo dintake in Beverage group
past 3 months | 14002 | Orange juice vhduru 3 3 1
14030 | Passion fruit juice Yuesanu 3 3 1
14055 | Chocolate flavoured iFiseshNTaFoN 3 3 1
drink 3 in 1 instant Tnuan ma 5
powder mix (Milo brand) Sadost) 3in1
@3511uTa)
14087 Guava Juice 100% UHT VA 100% 3 3 1
unaiFeNge UHT
(A31ADYAT)
14091 Strawberry Juice 100% thansewess 3 3 1
UHT (DoiKhum brand) 100% UHT (@51
AoYA)
14095 Pineapple Juice 100% Yhduzaa 3 3 1
(Malee brand) 100% (A5113)
14096 | Tomato Juice with Mixed | vhuzdomanay 3 3 1
Fruit Juice 60% (Malee Sl 60%
brand) (ATINA self plus)
14098 Red Apple red Juice thuelifaunas 3 3 1
100% (Tesco brand) 100% (@51 Tesco)
14099 Grape red Juice 100% thodung 3 3 1
(Tesco brand) 100% (@31
Tesco)
14101 | Pomegranate Juice 100% | siwtuiiu 100% 3 3 1
(TipCO brand) (%131 Tipco)
14110 Carrot with mixed fruit Yhunsonnay 3 3 1
juice 100% (Unif brand) | ;2% 100%
(#7131 Unif)
14124 Soymilk, Cereal Flavour | uuiamdos ey 3 3 1
HUAY T8
FYYIIT 5 vila
Frequency of Question 10: Did you eat rfulszmuenyhaniennemitesiuviehi?
Appetizer/ Appetizer or local dishes?
Local dishes Table 10: Asking frequency of food intake in Appetizer and local dish group
intake during - ™16004 | Wide rice noodles with ufvdy 2 3 0.7
past 3 months pork, egg and soysauce Tnjinadatd
Yaj
16009 Rice with shrimp paste dnaganzdl 2 3 0.7
16010 Rice fried with pork, dndanyldla 2 3 0.7
vegetable and egg
16043 | Noodle sheets soup with | #wsy 3 3 1
meat and tofu
16049 Southern style rice salad : | #1dTnild 3 3 1
rice with assorted
vegetables served with
southern fish sauce
16073 | Rice noodles, big size dulug) my v 2 3 0.7
with pork and soup
16076 Macaroni fried with pork | sasinnzlsi 2 3 0.7
ny
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Objectives Questions (English) Question Relavance score I-CVI
(Thai) Expert1 | Expert2 | Expert3
16082 Crab and ground pork veudonen 3 3 3 1
wrapped with tofu skin
fried
16098 Bun steamed, red pork aamh Ty 3 3 3 1
filled .
16123 | Spring roll, deep fried Yoiiluznon 3 3 3 1
17020 Mashed fresh chilli uiwiEnan 3 3 3 1
mixed with condiments
17036 Unripe mango salad fuziiedy 3 3 3 1
17064 | Saute Chinese water Farntdu 2 2 3 0.3
morning glory
17065 Saute mungbean noodle fiafuduldlyla 3 3 3 1
and hen egg
17076 | Meat salad, Northeastern | amiilo 3 3 3 1
style
17079 | Green papaya salad duzazne 3 3 3 1
Frequency of Question 11: Did you eat Fast food? | swfulssmuermshidaila (emnsausou) wieli?
Fast food
intake during  ["Taple 11: Asking frequency of Food name in group Fast food
past 3 months 776023 | Pizza, supreme (Pizza FICS—-T 2 2 3 0.3
Hut) (Rvirdm)
16040 | Sandwich with tuna fish umAnpih 2 2 3 0.3
16093 | Sanwich, pork and ham umda Tdny 2 2 3 0.3
shreede chinese style AR,
filled
16107 | Rice sausage pork mixed, | ‘l#nson 413 2 2 3 0.3
grilled (Fat 19.3%) Wy 6ha (Fat
19.3%)
16110 Croissants butter A$I%03 11y 2 2 3 0.3
16118 | Chicken broilers, 18 1ins 1ile mia 2 2 3 0.3
drumstick, fried flour qundlenon
16122 Chicken breaded and 1n lifinszen 2 2 3 0.3
fried, boneless pieces wlvuitanen
plain
16183 WENDY'S Jr. nauesinesy 2 2 3 0.3
Hamburger without Vifiuouta
cheese
Frequency of Question 12: Did you eat Medical AndlE3u ewnsmamsuving danfumiehi?
Medical food | food?
intake during  ["Taple 12: Asking frequency of Food name in group Medical food
past 3 months 753001 | Nutren Optimum flumsu ool 3 3 3 1
(powder) iy
22002 Nutren Balance (powder) | fiumsu i 3 3 3 1
e
22003 Nutren Fibre (powder) funsu 1 3 3 3 1
wes
22010 GenDM (powder) 1Fude 3 3 3 1
22013 Blendera (powder) nauABI1 3 3 3 1
(wfians)
22014 Glucerna SR (powder) QKON 3 3 3 1
101y
22015 Ensure FOS (powder) euts 1enle 3 3 3 1

od saaiial sh
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Objectives

Questions (English) Question Relavance score I-CVI
(Thai) Expert1 | Expert2 | Expert3
ity
22018 | Nepro (liquid per 100 mL) | waTuls wiiavh 3 3 3 1

y_ 4 '
WIDNAN YUY

ya.
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APPENDIX IV
Food frequency questionnaire

Department of Nutrition and Dietetics
Faculty of Allied health science, Chulalongkorn University

This questionnaire is a part of thesis for Master degree program in Food and
Nutrition. The purpose is to evaluate the background information of chronic kidney
disease (CKD) patients. Also, the frequency of 12 food categories had been
consumed which may affects to the level of plasma antioxidant. Please kindly
provide information below by filling out this form based on your eating habit
during last 3 months. The received information will not have any negative effect on
you but it will be useful to investigate the relationship between food frequency and
antioxidant level in predialysis CKD patients for further application.

Indication Please put a mark () in the box
Part | : General Information
1. Name-Surname.........cccoceeveeeceeeneennnen. HN.........o Phone
NUMDET ..o,
2. Age............ years old Gender: [11. Male  [12. Female
3. Religion
1 1. Buddhism 12. Christianity 13. Islam 14,
Others ....ccoceveeeeieieieee,
4. Living Status
1. Stay alone [ 2. Stay with family, ........... [1 3. Stay with others, please
define...........
5. Education
711. Never study [72. Primary school [13. Secondary school 4.
High school
[15. College/ Bachelor degree 16. Master degree/ Doctoral degree
6. Occupation
11. Student[] 2. Housewife 13. Firm employee/Officer
14. Government officer [ 5. Private Business
16. General employee 717. Merchant [78. Others..........c.ccccecvvvennnne
7. Salary (average per month)

71, £9,000 Baht 12.>9,000 - 13,000 Baht [13.> 13,000 Baht

Part 11 : Patient’s history
1. Diagnosed as CKD.........ccccoeevennene YEAIS....ooeieieeeeeieerieeee e months
2. Complication

11. Hypertension 1 2. Diabetes

13. Dislipidemia [14. Anemia

15. Osteoporosis 16. Hyperphosphatemia 17. Hyperkalemia

18. Gout 19. Edema [110. Others.......cocvevevereiereienene

3. Food 1eStriCtion ....ooveeeeeeeee e
FOOU AIIEIGY ...ttt
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Please mark the column to show how often you consume the following food items in 12
groups

Group 1: Meat/ Fish and Aquatic/
Egg and products

1. Did you eat Meat/ Fish and Aquatic/ Egg and

products?

0 No =» go to question 2
O Yes for one and more than one of them =» go to table 1

Table 1: Frequency of food intake during 3 months
Code Food name Neveror |1-3 Once 2-4 5-6 Every
<1 per times/ | per times/ | times/ | day
month month | week week | week
il 06042 | Beef meat lean
Pork spare ribs (Fat
2 06053 14.7%)
3 06068 | Pork loin (Fat 7.7%)
Pork tenderloin (Fat
4 06069 3.200)
5 06095 | Chicken wing, fried
Beef meat sundried,
6 06165 fried
i 07001 | Shrimp sea
8 07003 | Shrimp common
9 07041 | Squid splendid
Cockle / Ark shell,
L Q0et blanched
11 L Mussel green, dried
12 07073 | Black pomfret
13 07083 | Jellyfish, dried, salted
14 07116 Crab mud/mangrove
meat
15 07200 Fish salmon atlantic
farmed, raw
16 08023 Flnfl_sh roe mixed
species
17 08011 | Hen egg, whole
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Group 2: Fruits

2. Did you eat Fruits?
0 No =» go to question 3
[ Yes =» go to table 2

Table 2: Frequency of food intake during 3 months
Code Food name Never 1-3 |Once |2-4 5-6 Every
or<1 times/ | per times/ | times/ | day
per month | week | week | week
month
1 05002 Baqana (Namwa variety),
unripe
2 05008 | Rambutan
3 05009 | Rose apple, green
4 05012 Durian (Monthong variety /
golden pillow variety)
5 05015 | Guava common
6 05016 | Jujube apple
7 05042 | Papaya, ripe
8 05049 | Longan
9 05050 | Santol
10 | 05056 | Litchi
11 | 05059 | Kalanchoe
12 | 05061 Tangelo_ / Tangerine /
Mandarin
13 | 05062 | Pomelo
14 | 05066 | Cantaloupe
15 | 05079 | Persimmon, dried
16 | 05082 | Strawberry
Mango (Thongdum
171 05096 variety), ripe
18 | 05098 Ma_ngo (Kie\_/vsaweya
variety), unripe
19 | 05107 | Cherries eating, raw
20 | 05123 | Kiwi fruit
21 | 05157 | Longkong
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Group 3: Vegetable

3. Did you eat Vegetable?
0 No =» go to question 4
O Yes =» go to table 3

Table 3: Frequency of food intake during 3 months

Code Food name Never 1-3 Once | 2-4 5-6 Every
or<1 times/ | per times/ | times/ | day
per month | week | week week
month

1 04002 | Horse tamarind, tender tips

2 04005 | Cauliflower

3 04009 | Cabbage

4 04010 | Okra, young pods

5 04011 | Garlic flowers

6 04023 | Cassia leaves

7 04025 | Sesbania flowers

8 04027 | Acacia pennata

9 04035 | Mungbean sprout

10 | 04040 Ya_rd long bean green,
boiled

11 | 04042 | Wing bean pods

12 | 04044 | Garden peas pods

13 | 04050 | Holy basil leaves

14 | 04051 | Crawdaisy leaves

15 | 04052 | Indian penny wort leaves

16 | 04059 | Tiliacora triandra Diels

17 | 04061 | Gourd sponge round

18 | 04063 | Mint leaves

19 | 04065 | Sweet basil leaves

20 | 04070 | Water mimosa

21 | 04077 | Mustard green, pickled

22 | 04081 | Kale Chinese

23 | 04082 | Celery

24 | 04087 | Ivygourd

25 | 04092 Thai water morning glory
red stem

26 | 04106 | Chilli pepper

27 | 04109 | Gourd wax

28 | 04114 | Gourd bitter young leaves

29 | 04117 | Egg plant

30 | 04121 | Tomato

31 | 04133 | Shallot spring

32 | 04136 | Onion

33 | 04155 Horsera_dish leaves and
tender tips

34 | 04160 | Mushroom jew's ear, dried

35 | 04166 | Asparagus

36 04167 | Carrot

37 | 04168 | Broccoli

38 | 04180 | Corn baby

39 | 04195 | Lemon juice 100%

40 | 04196 | Brussels sprouts

41 | 04225 | Spinach

42 | 04248 | Lettuce red leaf, raw

43 | 04245 | Roselle / Red sorrel leaves
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Group 4: Cereals and legumes/ starchy
vegetable

4. Did you eat Cereals and legumes/ starchy
vegetable?
O No =» go to question 5
O Yes for one and more than one of them =» go to
table 4

Table 4: Frequency of food intake during 3 months

Code Food name Neveror | 1-3 Dnce pe|l 2-4 5-6 [Everyday
<lper |times/| week | times/ | times/
month | month week | week

1 01008 | Bread white sliced

2 01035 | Job's tear whole seeds

3 01043 | Corn flakes

4 01045 | Macaroni, cooked, unenrich

5 01048 | Bread whole wheat

6 01056 Rice yvhole grain milled by
machine, steamed

7 01127 Cereal soy based
supplementary food

8 02005 | Potato

9 02008 | Cassava

10 02026 | Arrow roots, white

11 02030 | Lotus root, raw

12 03002 | Chinese chestnut

13 03006 Sesame seeds, white and
black

14 | 03016 | Cowpea seeds, black color

15 03021 | Peanut, boiled

16 03024 | Mung bean

17 03027 | Soybean seeds, dried

18 03029 | Rice bean seeds, dried

19 03030 | Pigeonpea immature seeds

20 03033 | Lotus seeds, dried

21 03037 | Cashew nut, fried

22 03050 | Ginkgo seeds, whole
Sunflower seeds, dry,

23 03053 roasted without salt

24 03077 Almonds dry roasted with

salt added
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Group 5: Milk and dairy products

5. Did you eat Milk and dairy products?

O No =» go to question 6

O Yes for one and more than one of them =» go to
table 5

Table 5: Frequency of food intake during 3 months

Code Food name Never 1-3 |[Once |2-4 |5-6 Every
or<1 times/ | per times/ | times/ | day
per month | week | week | week
month

1 09002 Milk condensed sweetened

2 09009 Milk powdered, full cream

3 09037 | Cheese, Cheddar

4 09050 Milk powdered, Bear brand

(yellow)
5 09081 MiII_< powdered, Bear brand
(plain)

6 09082 Millf powder defatted, high

calcium (Anlene)

7 09087 Milk powder reduced fat

8 09096 Milk tablet, sweet

Group 6: Fat and oil

6. Did you eat Fat and oil?
O No =>» go to question 7
O Yes for one and more than one of them =» go to
table 6

Table 6: Frequency of food intake during 3 months

(hydrogenated) and cottonseed

Code | Food name Never |1-3 Once |2-4 |5-6 | Every
or <1 times/ per times/ | times/ | day
per month | week | week | week
month

1 | 10003 | Peanut oil

2 | 10008 | Butter, salted

3 ]10021 | Olive oil salad or cooking
4 10024 | Rice bran oil

5 10026 Shortening bread soybean
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Group 7: Condiment and seasoning

7. Did you eat Condiment and seasoning?

O No =» go to question 8

O Yes for one and more than one of them =» go to

table 7
Table 7: Frequency of food intake during 3 months
Code Food name Neveror| 1-3 | Once | 2-4 5-6 Every
<1 per | times/ per | times/ | times/ day
month | month | week | week week
1 12003 Shrimp paste, fermented
2 12005 Tomato ketchup
3 12013 Curry paste, red
4 12015 Curry powder
5 12030 Bitter orange peels
6 12033 Garlic, dried bulbs
7 12036 Bitter orange; _Ieech
leaves, semidried
8 12038 Cumin / Yeera, seeds
9 12042 Chilli bird ground
10 | 12058 Coriander seeds
11 | 12059 Coriander root
Group 8: Beverage 8. Did you drink Beverage?
O No =» go to question 9
O Yes =» go to table 8
Table 8: Frequency of food intake during 3 months
Code Food name Never | 1-3 Once |2-4 5-6 | Every
or<l | times/ per times/ | times/ | day
per month | week | week week
month
1 14002 | Orange juice
2 14030 | Passion fruit juice
Chocolate flavoured drink 3
3 14055 | in 1 instant powder mix
(Milo brand)
4 14087 | Guava Juice 100% UHT
Strawberry Juice 100%
> 14091 UHT (DoiKhum brand)
Pineapple Juice 100%
6 14095 (Malee brand)
Tomato Juice with Mixed
7 14096 | Fruit Juice 60% (Malee
brand)
Red Apple red Juice 100%
8 14098 (Tesco brand)
Grape red Juice 100%
9 14099 (Tesco brand)
Pomegranate Juice 100%
10 14101 (Tipco brand)
Carrot with mixed fruit
1114110 5 ice 100% (Unif brand)
Soymilk, Cereal Flavour
12 14124 (Foremost brand)
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Group 9: App

etizer/ Local dishes

9. Did you eat Appetizer/ Local dishes?
O No =» go to question 10
O Yes for one and more than one of them =» go to

table 9
Table 9: Frequency of food intake during 3 months
Code Food name Never 1-3 Once | 2—4 | 5-6 | Every
or<1 times/ per | times/ | times/ day
per month | week | week | week
month
1 | 16043 Noodle sheets soup with meat
and tofu
Southern style rice salad : rice
with assorted vegetables
2 | 16049 served with southern fish
sauce
Crab and ground pork
3 | 16082 wrapped with tofu skin fried
4 | 16098 | Bun steamed, red pork filled
5 | 16123 | Spring roll, deep fried
6 | 17020 M_ashed fr_esh chilli mixed
with condiments
7 | 17036 | Unripe mango salad
8 | 17065 Saute mungbean noodle and
hen egg
9 | 17076 Meat salad, Northeastern
style
10 | 17079 | Green papaya salad
Group 10: Medical food 10. Did you eat Medical food?
O No =» go to question 11
O Yes = go to table 10
Table 10: Frequency of food intake during 3 months
Code Food name Neveror [1-3 [(Once |[2-4 |5-6 |Ev
<1 per times/ | per times/ | times/ | ery
month mont | week | week | week | da
h y
1 | 22001 Nutren Optimum (powder)
2 | 22002 Nutren Balance (powder)
3 | 22003 Nutren Fibre (powder)
4 | 22005 Peptamen (powder)
5 22010 GenDM (powder)
6 | 22013 Blendera (powder)
7 | 22014 Glucerna SR (powder)
8 | 22015 Ensure FOS (powder)
9 | 22018 Nepro (liquid per 100 ml)




124

Group 11: Sweet/ Bakery/ Snacks/ Ice
cream

11. Did you eat Sweet/ Bakery/ Snacks/ Ice cream?
O No =» go to question 12
O Yes

Please define name of food

Never 1-3 Once |2-4 |5-6 | Every
or<1 times/ | per times/ | times/ | day

per month | week | week | week
month

Group 12: Fast food

12. Did you eat Fast food?
0 No =» end of the questionnaire
O Yes

Please define name of food

Never 1-3 Once |2-4 |5-6 | Every
or<1 times/ per times/ | times/ | day

per month | week | week | week
month

*** Thank you for your help***
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APPENDIX V

Preparation of solutions for MDA determination

1. Preparation of potassium phosphate buffer: 50 mM KH2PO4-KOH, pH 7
- Weight 3.48 g K2HPO4 and 4.08 g KH2PO4, pour to a beaker
- Add 100 mL distilled water into beaker, stir to dissolve
- Adjust pH by pH meter using KOH until get pH =7
- Add distilled water and adjust to get 1L of buffer in volumetric flask
- Degass buffer by water bath at 25°C for 60 minutes
- Filter buffer by solvent filtration with filter paper
2. Preparation of solvent blank: Ethanol (400 mL/L)

- Dissolve 200 mL of absolute ethanol into distilled water and adjust to get
500 mL in a volumetric flask

3. Preparation of stock TEP standard:10 mM and 100 uM

- 10 mM TEP: pipette 120 uL TEP, add distilled water to get 100 mL in a
volumetric flask

- 100 uM TEP: pipette 500 pL of 10 mM TEP, add distilled water to get 100
mL in a volumetric flask

4. Preparation of working standard solutions: 0.0, 0.25, 0.5, 0.75 and 1 uM TEP
- TEP 0.0 uM: pipette 10 mL Ethanol into tube

- TEP 0.25uM: pipette 25uL of 100uM TEP, adjust with Ethanol to get 10 mL
in a volumetric flask

- TEP 0.5 pM: pipette 50 pL of 100uM TEP, adjust with Ethanol to get 10 mL
in a volumetric flask

- TEP 0.75uM: pipette 75 pL of 100uM TEP, adjust with Ethanol to get 10mL
in a volumetric flask

- TEP 1 uM: pipette 100 uL of 100 uM TEP, adjust with Ethanol to get 10 mL
in a volumetric flask

5. Preparation of 0.2% BHT (in absolute ethanol)

- Weight 0.2 g of BHT, pour to a beaker
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- Add absolute ethanol, dissolve and adjust to get 100 mL in a volumetric flask
6. Preparation of 5% TCA (aquenous)

- Weight 5g of TCA, pour to a beaker

- Add distilled water, dissolve and adjust to get 100 mL in a volumetric flask
7. Preparation of 0.6% TBA (aquenous)

- Weight 0.6 g TBA, pour to a beaker

- Add distilled water, dissolve and adjust to get 100 mL in a volumetric flask
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APPENDIX VI

Preparation of solutions for Paraoxonase 1 assay

. Preparation of 50 mM Tris buffer, pH 8.5

- Weight 1.51 g Tris, dissolve with 100 mL distilled water.

Adjust pH to get pH = 8.5 by drop 1N HCI

Add distilled water until reach 250 mL

. Preparation of assay buffer, including 0.132 M Tris — HCI, 1.32 mM CacCl,, and
2.63 M NaCl, pH 8.5

Weight 8 g Tris, 73.25 mg CaCl,and 76.85 g NaCl
Dissolve all of them with distilled water
Measure pH to get pH = 8.5 by drop 1N HCI

Add distilled water until reach 500 ml of assay buffer

. Preparation of stock paraoxon 120 mM

Pipette 13 uL paraoxon, dissolve with aceton to get 500 uL of stock
paraoxon

. Working solution 60 mM paraoxon

Dilute 100 pL of stock paraoxon 120 mM with 2000 pL Tris 50 mM, pH
8.5 to get 60 mM paraoxon
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Frequency of food intake per week (FFW,) of CKD patients and control subjects

Food group Control Stage 1&2 Stage 3 Stage 4 p-value
Meat/fish/egg
Beef meat lean 0.21 £0.08 0.56+0.35 0.10+0.07 0 NS
Pork spare ribs (Fat 0.53 £0.21 0.75+0.34 053+0.19 03+0.11 NS
14.7%)
Pork loin (Fat 7.7%) 0.71£0.2 1.87+0.43 1.80+0.57 2.35+0.95 NS
Pork tenderloin (Fat 0.89 +£0.25 1.87+043 1.63+051 225+0.94 NS
3.2%)
Chicken wing, fried 0.92 £0.31 043+0.14 030+020 0.75+0.53 NS
Beef meat sundried, 0.07 £0.04 0.12+0.08 0.03+0.03 0 NS
fried
Shrimp sea 0.32 £0.06 0.87+047 10604 0.85+0.68 NS
Shrimp common 0.39£0.07 0.62+0.36 0.66+0.39 1.10+0.56 NS
Squid splendid 0.53+£0.19 025+0.13 0.10£0.05 0.30+0.11 NS
Cockle / Ark shell, 0.10 +0.05 0.12+0.08 0 0.40 +0.29 NS
blanched
Mussel green, dried 0.14 £0.06 0.12+0.08 0 0.15+0.07 NS
Black pomfret 0.03 £ 0.03 043+0.37 023+020 0.40+0.29 NS
Jelly fish 0.03 £0.03 0 0 0 NS
Crab mud/mangrove 021+0.06 031+0.13 043+020 0.35+0.29 NS
meat
Fish salmon atlantic 0.28 £0.08 0.50+0.36 02+£0.06 0.25+0.11 NS
farmed, raw
Finfish roe mixed 0.14 £ 0.06 0.06£0.06 0.06+0.06 0.30+0.30 NS
species
Hen egg, whole 2.46 +0.59 030+£03 3.13+£0.59 245+0.63 NS
Fruits
Banana, unripe 0.82+0.42 1.00+£0.73 1.56+0.52 0.65+0.28 NS
Rambutan 1.00 £0.30 0.68+0.35 1.16+0.54 1.10+0.56 NS
Rose apple, green 0.17£0.06 1.12+0.08 0.06+0.04 0.65+0.39 NS
Durian 0.32+0.09 0.18+0.09 043+0.19 0.15+0.07 NS
Guava common 0.89 +0.26 1.12+041 156+049 0.7+0.29 NS
Jujube apple 0.20 £ 0.07 0 0.10+£0.07 0.20+0.13 NS
Papaya, ripe 0.85+0.41 0.68+0.35 1.33+0.5 0.25=+0.11 NS
Longan 0.85+£0.51 0 026+£0.2 0.05+0.05 NS
Santol 0.50+0.21 0.06+0.06 0.1 £0.07 0.40 £0.30 NS
Litchi 0.14 £ 0.06 0.06+0.06 0.06+£0.04 0.65+0.54 NS
Kalanchoe 0.32+0.21 0.12+0.08 0.03+0.03 0.30+0.30 NS
Tangelo 0.53 £0.39 0.56+0.35 043+027 0.55+0.30 NS
Pomelo 0.67+0.27 0.25+0.13 0.70£0.39 0.25+0.11 NS
Cantaloupe 0.89 £0.26 1.00£045 0.56+0.36 0.10+0.10 NS
Persimmon, dried 0.14 £ 0.06 0.06+0.06 0.03+0.03 0.05+0.05 NS
Strawberry 0.14 +£0.08 0.18+0.09 0.13+0.05 0.15+0.10 NS
Mango, ripe 0.25+0.21 0.56+035 0.16£0.07 0.25+0.13 NS
Mango, unripe 0.46 +0.21 031+0.13 0.33+£0.19 0.35+0.10 NS
Cherries eating, raw 0.07 £0.04 0.18+0.13 0.16+0.07 0.05+0.05 NS
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Frequency of food intake per week (FFW,) of CKD patients and control subjects

seeds

Food group Control Stage 1&2 Stage 3 Stage 4  p-value
Kiwi fruit 0.14 +0.06 0.18+0.09 026+0.2 0.10=£0.06 NS
Longkong 0.60 £0.21 037+0.12 1.13+0.49 0.85+0.36 NS

Vegetables
Horseradish leaves 0.25+0.21 043+037 0.06+£0.04 0.10+0.06 NS
Tiliacora triandra 0.28 £0.10 0.25+0.16 0.06+0.04 0.45+0.29 NS
diel
Broccoli 0.89 +0.31 1.25+£0.62 0.50+0.20 0.80+0.37 NS
Mustard green 1.07 £ 0.43 0.5+0.13 0.67+0.25 0.90+0.36 NS
Brussels sprouts 0.39+0.10 0.37+0.15 0.36+020 0.15+0.07 NS
Gourd bitter young 0.10 £0.05 0.31+0.09 033+020 0.15+0.07 NS
leaves
Mint leaves 0.42+0.21 0.62+0.35 0.50+036 0.40=+0.10 NS
Kale Chinese 1.28 £0.31 1.18+0.41 0.63+0.19 1.25+0.54 NS
Cauliflower 0.35+0.08 0.62+0.15 0.73+039 0.60=0.30 NS
Glory red stem 0.32+£0.11 1.12+0.43 123+042 0.70+£0.28 NS
Cassia leaves 0.28 +£0.08 0.18+0.09 0.30+0.09 0.10+0.06 NS
Chilli pepper 0.21+£0.08 0.62+0.35 0.13+0.05 0.50+0.14 NS
Graden pea pod 042 +0.21 0.68+0.36 0.23+0.09 0.55+0.29 NS
Okra 0.20+0.07 0.18+0.09 0.03+0.03 1.15+0.71 NS
Garlic flower 0.03 +0.03 0.06+0.06 0.03+£0.03 0.05+0.05 NS
Acacia pennata 0.39 +0.09 0.81+0.32 0.13+0.07 0.20£0.08 NS
Celery 0.60+0.21 0.87+0.33 1.20+0.61 0.85+0.37 NS
Gourd wax 0.32 £0.06 037+0.12 036+0.11 0.85+0.37 NS
Tomato 0.78 £0.27 1.62+0.83 1.86+0.56 1.85+0.69 NS
Water mimosa 0.25+0.06 025+0.13 0.76+0.39 0.15+£0.07 NS
Crawdaisy leaves 0.53+0.28 0.25+0.13 0.1+£0.05 0.45=+0.30 NS
Wing bean pod 0.32+0.09 1.00+£045 0.46+020 0.60+0.28 NS
Sesbania flowers 0.50+0.20 0.37+0.15 0.13+£0.05 040=+0.12 NS
Cabbage 0.53 £0.08 2.10+£0.78 1.10£040 0.85+0.38 NS
Lemon juice 2.57+£0.65 206+£0.66 2.6+0.69 2.65+0.68 NS
Gourd bitter young 0.11 £0.06 0.31+0.09 033+02 0.70+0.54 NS
leaves
Holy basil leaves 1.00 £0.32 1.80+0.67 130+041 1.35+0.52 NS
Lettuce red leaves 0.35+0.23 0.88+0.48 0.73+£0.49 0.20+0.11 NS
Tiliacora triandra 0.31+0.11 025+0.16 0.67+£045 0.45+0.29 NS
diel
Ivy ground 0.46+£0.12 0.75+£0.34 040+0.11 0.80+0.53 NS
Horseradish leaves 0.27 +£0.23 0.44+037 0.07+0.04 0.10+0.07 NS
Water mimosa 0.27+£0.07 025+0.13 0.77+£0.39 0.15+£0.08 NS
Mint leaves 0.46 +0.23 0.62+035 0.5+036 040=+0.10 NS
Crawdaisy leaves 0.58+0.31 0.25+0.13 0.10+£0.05 0.45+0.30 NS
Horse tamarind 0.04 +£0.04 0.06+0.06 0.13+£0.08 0.15+0.11 NS
Sweet basil leaves 0.88 £0.27 0.62+035 120+049 1.05+0.50 NS

Cereals and legumes/ starchy vegetables
Bread white sliced 1.27 £0.45 0.25+0.13 2.17+0.78  0.8+0.37 NS
Job's tear whole 0.5+£0.22 0.56+0.36 0.50+£020 1.15+0.56 NS
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Frequency of food intake per week (FFW,) of CKD patients and control subjects

Food group Control Stage 1&2 Stage 3 Stage 4  p-value
Corn flakes 0.19+0.10 044+037 037+020 0.15+£0.10 NS
Macaroni, cooked, 0 0.25+0.13 0.13+0.08 0 NS
unenrich
Bread whole wheat 0.85+0.45 1.50+0.86 190+0.73 0.55+0.28 NS
Rice whole grain 1.15+0.64 237+097 256+0.86 1.75+0.92 NS
milled by machine,
steamed
Cereal soy based 0.11+0.06 0.18+0.13 0.03+0.03 1.00+0.73 NS
supplementary food
Potato 0.30+0.09 0.62+0.35 030+0.09 0.40=+0.14 NS
Cassava 0.11 +0.06 0 0.23+£0.09 0.50+0.29 NS
Arrow roots, white 0.19+0.09 0.12+0.08 0.10£0.05 0.20+0.08 NS
Lotus root, raw 0.15+0.06 037+0.37 0.06+£0.04 0.10+0.06 NS
Chinese chestnut 0.11+0.06 0.12+0.08 0.10£0.05 0.25+0.11 NS
Sesame seeds, white 0.27+0.11 1.4+087 1.06+£0.49 0.90+0.53 NS
and black
Cowpea seeds, black 0.04 + 0.04 0.18+0.13 023+0.09 0.25+0.11 NS
color
Peanut, boiled 0.34+0.10 1.31+£0.68 0.67+035 0.50+£0.28 NS
Mung bean 0.15+0.06 1.18+0.71 0.5+£0.36 0.55+0.29 NS
Soybean seeds, dried 0.15+0.06 037+0.37 0.26+02 0.05+0.05 NS
Rice bean seeds, 0.03 +£0.03 0.37+037 033+02 0.10+0.06 NS
dried
Pigeonpea immature 0.03 £0.03 0.50+0.36 0.06+0.04 0.05+0.05 NS
seeds
Lotus seeds, dried 0.11 +£0.06 037+037 02602  0.05+0.05 NS
Cashew nut, fried 0.30+0.10 031+0.13 033+02 030+0.11 NS
Ginkgo seeds, whole 0.11+0.06 025+0.13 0.1+0.05 0.15+0.1 NS
Sunflower seeds, 0.23 +0.09 0.18+0.13 0.06+0.04 0.20=+0.11 NS
dry, roasted without
salt
Almonds dry roasted 0.42+0.23 0.56+0.35 0.10+£0.05 0.15+0.10 NS
with salt added

Milk and dairy products

Milk condensed 1.60 +0.90 0.10+0.10 1.90+0.83 2.50+1.65 NS
sweetened

Milk powdered, 1.15+£0.71 0.70£0.58 0.04+0.04 2.12+1.63 NS
full cream

Cheese, Cheddar 0.05+0.05 0.80+0.56 0.36+027 0.12+0.12 NS
Milk powdered, 0.15+0.07 040+0.24 027+0.27 0.75+0.75 NS
plain

Milk powdered 0.40 +0.29 1.10+£1.10 0 0.41+0.22 NS
defatted, high

calcium

Milk powder 0.25+0.13 0.10+£0.10 045+ 0.28 0 NS
reduced fat

Milk tablet sweet 0 0.04+0.04 0 0.01 £0.01 NS
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Frequency of food intake per week (FFW,) of CKD patients and control subjects

Food group Control Stage 1&2 Stage 3 Stage 4  p-value
Fat and oil
Peanut oil 0.46 £ 0.42 037+037 046+0.46 0.10+0.06 NS
Butter, salted 0.07 £0.05 0.12+0.08 0.03+0.03 0.10+0.10 NS
Olive oil salad or 0.23+0.23 031+0.16 1.16+0.57 0.15+£0.11 NS
cooking
Rice bran oil 1.03 +£0.64 1.12+0.85 296+0.85 2.05+0091 NS
Shortening bread 0 0.18+0.13 0 0 NS
soybean and
cottonseed
Condiment and seasoning
Shrimp paste, 1.38 +£0.54 0.81+0.33 0.56+0.35 0.55+0.29 NS
fermented
Tomato ketchup 0.53+0.22 0.62+0.37 0.73+0.25 0.45+£0.29 NS
Curry paste, red 1.61 £0.70 1.18+0.62 09+037 0.55+0.29 NS
Curry powder 0.11 +0.08 0.25+0.13 0.16+0.06 0.15+0.07 NS
Bitter orange peels 0.42+0.23 037+£0.15 1.13+£0.52 0.60+0.28 NS
Garlic, dried bulbs 3.10+0.73 390£0.95 3.46+0.72 3.90+0.90 NS
Bitter orange; leech 1.69 +0.57 1.18+041 0.73+049 1.40+0.67 NS
leaves, semidried
Cumin / Yeera, 0.11+0.08 0.18+0.13 0.30+0.20 0.15+0.07 NS
seeds
Chilli bird ground 1.88 £0.63 143+0.75 1.96+0.66 290+0.77 NS
Coriander seeds 0.69 +0.52 0.62+0.37 0.03+£0.03 0.70+0.53 NS
Coriander root 1.80 = 0.67 1.18+0.42 0.80+0.30 0.65+0.54 NS
Beverage
Orange juice 1.07 £0.47 0.75+0.35 1.67+0.07 0.30+0.30 NS
Passion fruit juice 0.53 £0.30 0.06 +0.06 0 0.05 +£0.05 NS
Chocolate flavoured 0.34+£0.23 037+0.37 0.06+0.04 0.65+0.54 NS
drink 3 in 1 instant
powder mix (Milo
brand)
Guava Juice 100% 0.15+0.08 0.12+0.08 0 0.05+0.05 NS
UHT
Strawberry Juice 0.15+0.08 0 0 0.05+£0.05 NS
100% UHT
(DoiKhum brand)
Pineapple Juice 0.15+0.06 0.06+0.06 0.03+0.03 0.10+0.10 NS
100% (Malee brand)
Tomato Juice with 0.11 £0.06 0 0.06 £0.06 0 NS
Mixed Fruit Juice
60% (Malee brand)
Red Apple red Juice 0.07 £0.05 0 0.03+0.03 0.05%0.05 NS
100% (Tesco brand)
Grape red Juice 0.07 £0.05 0 0.03+0.03 0.05+0.05 NS
100% (Tesco brand)
Pomegranate Juice 0.11£0.08 0 0.03+0.03 0.05+0.05 NS

100% (Tipco brand)
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Frequency of food intake per week (FFW,) of CKD patients and control subjects

Food group

Control

Stage 1&2

Stage 3

Stage 4

p-value

Carrot with mixed
fruit juice 100%
(Unif brand)

0.15+0.08

0

0.03 +0.03

0.05+0.05

NS

Soymilk, Cereal
Flavour (Foremost
brand)

1.15£0.58

0.23+0.20

NS

Appetizer/ local dishes

Noodle sheets soup
with meat and tofu

0.38 +0.22

0.12+0.08

0.46 +0.19

0.2+0.11

NS

Southern style rice
salad : rice with
assorted vegetables

served with southern

fish sauce

0.07 £0.05

0.25+0.09

0.1+£0.05

0.2+0.11

NS

Crab and ground
pork wrapped with
tofu skin fried

0.15+0.06

0.18 +£0.09

0.26 +0.06

0.20+0.11

NS

Bun steamed, red
pork filled

0.19+0.07

0.25+0.13

0.36 +0.20

0.70 £ 0.38

NS

Spring roll, deep
fried

0.50+0.23

0.12+0.08

0.13+0.05

0.20+0.08

NS

Mashed fresh chilli
mixed with
condiments

0.92 +0.43

0.25+0.09

0.30+0.20

0.15+£0.10

NS

Unripe mango salad

0.46 +£0.22

0.12+0.08

0.06 + 0.04

0.10+£0.10

NS

Saute mungbean
noodle and hen egg

0.30+0.07

0.50 £0.13

0.50 +0.19

0.30+0.11

NS

Meat salad,
Northeastern style

0.11 £0.06

0.06 = 0.06

0

0.05+0.05

NS

Green papaya salad

1.88 +0.64

1.25+0.38

0.73+0.24

0.60 + 0.28

NS

Results were expressed as mean + SEM. Data were analyzed using Krussal Wallis to compare difference among

groups
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4. Provide reports to the Instntional Review Board -:i:nr-::a:ming the progress of he
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