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ABSTRACT

Hyperphosphatemia is one of the most common problems in patients with end stage renal
disease (ESRD) resulting from the derangement of mineral metabolisms which contributes to the retention of
minerals in the body. Elevated serum phosphorus level is associated with a greater risk of morbidity and
mortality. Dietary phosphorus restriction is one of the hyperphosphatemia management approaches; however,
adherence to the dietary restrictions among renal patients is often challenging. Therefore, the development of
an educational tool providing information focusing on self management approaches and knowledge of dietary
phosphorus may facilitate them having more dietary flexibility, a variety of food choices, better control of
phosphorus, and a healthier and better quality of life.

The purpose of this study was to develop and evaluate the application of and satisfaction with
an educational tool for hemodialysis patients to control their dietary phosphorus consumption by using a
phosphorus counting technique. The booklet developed for phosphorus content guidelines in foods was
composed of 2 parts. Part 1 focused on general phosphorus information and the phosphorus counting
technique principle. Part 2 consisted of the colorful food commonly consumed and high phosphorus
containing food items photographs in 12 food categories. Phosphorus content per exchange and per common
serving portion of foods was shown based on the phosphorus counting technique by using dots with one of 2
colors on the edge (black or red). Each dot accounts for 40 mg of phosphorus content in the food. The dot
with a red edge indicates that the food consists of inorganic phosphorus containing food additives or “Hidden
phosphorus” which is highly absorbed by the body. Dietary phosphorus consumption can be restrained by
counting and keeping track of phosphorus within the range of the daily recommendation (800 — 1,000 mg per
day), also by limiting consumption of dot with red edge food items.

The developed education tool was evaluated by 54 hemodialysis patients (24 males and 30
females) aged 49.09 + 12.23 years (mean + SD) to determine 1) the subject’s knowledge and understanding
of phosphorus and the phosphorus counting technique, and 2) the subject’s satisfaction with the developed
educational tool. All evaluations were accomplished individually during the hemodialysis sessions and self-
study at home for 11 weeks by reading a booklet and doing homework exercises.

The results revealed that 98.1% of the subjects significantly improved their knowledge of
general phosphorus (p < 0.05) and attained a high knowledge level. According to the analysis of subjects’
phosphorus counting practices (exercises A and B), 66.7% and 79.6% of the subjects understood and had an
accurate perception and conceptualization of the phosphorus counting technique at a high knowledge level.
When the overall knowledge of the phosphorus counting technique was assessed at week 9 (exercise C),
96.3% had a high knowledge level. In addition, they were satisfied with the developed educational tool, with
an overall satisfaction level in relation to the book’s content, format, language, illustrations, and applications
score of 4.59 + 0.57 (mean = SD) on a 5-point Likert scale.

In conclusion, the developed educational tool is an acceptable and attractive learning tool
providing knowledge of phosphorus relevant to the disease and the phosphorus counting technique. It can be
used as a self management tool for controlling phosphorus intake.

KEY WORDS: HYPERPHOSPHATEMIA / HEMODIALYSIS / PHOSPHORUS
COUNTING TECHNIQUE

184 pages
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CHAPTER |
INTRODUCTION

Derangement of mineral metabolisms has risen in the earlier of chronic
kidney disease (CKD) due to the degenerated in kidney function and declined in
ability to excrete excessive minerals resulting in impaired balance of mineral.

Hyperphosphatemia is the most common problems among undergoing
dialysis patients. Elevated serum phosphorus arises when glomerular filtration rate
(GFR) falls below 25 — 30 ml/min (1).

Hyperphosphatemia is highly prevalent and associated with the
progression of several complications such as secondary hyperparathyroidism, renal
osteodystrophy, uremic complications, vascular calcification, and soft tissue
calcification (2-4). Disturbances of phosphate homeostasis are contributed to greater
risks of morbidity and mortality in CKD including hemodialysis (HD) patients (4, 5).

Approximately 40 — 60% of patients undergoing dialysis have elevated
serum phosphorus level which was found in the study of Block GA. et al. (5). Based
on the information collected by the United States Renal Data System (USRDS) from
6,407 long-term HD patients, the relative risk for mortality was increased in 39% of
patients with serum phosphate level greater than 6.6 mg/dL.(4, 5) Moreover, the
results also showed that hyperphosphatemia and high calcium and phosphate products
(Ca x P) are associated with increased risk of morbidity and mortality especially
cardiovascular disease (CVD). Prolonged poor serum phosphorus control affects
disturbance of calcium and phosphate metabolism leading to calcium-phosphate
precipitation in blood vessels (6-10). Nearly 50% of all deaths in dialysis patients are
consequence of cardiovascular disease with a 10 to 20 fold higher risk than in general
populations (11-14). Therefore, cardiovascular calcification is one of the major risk
factors enlarge the number of deaths in dialysis populations.

According to the data from USRDS, the dialysis related morbidity and
mortality data showed that more than 50% of patients had hyperphosphatemia (7, 13,
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14). This confirmed with the Dialysis Outcome and Practice Pattern Study (DOPPS)
(15, 16) revealed that the prevalence of hyperphosphatemia in dialysis patients
remained high in most countries and continues to increase even the appropriate
management was applied to the patients. The data showed that less than 50% of the
patients meet the desired target level of serum phosphorus according to the Kidney
Disease Outcomes Quality Initiative of the National Kidney Foundation (KDOQI)
practice guideline (3.5 - 5.5 mg/dL.) (16-19).

From the Thailand Renal Replacement Therapy (TRT) Registry Report,
the prevalence of dialysis patients in Thailand with serum phosphorus greater than 5.5
mg/dL was increased from 31.2% in 2009 to 34.8% in 2010. Mean serum phosphorus
level was 4.9 = 2.1 mg/dL and 4.7 £ 1.9 mg/dL in 2009 and 2010 respectively (20).

To prevent elevated serum phosphorus, hence, The National Kidney
Foundation’s Kidney Disease Outcomes Quality Initiative (NKF/KDOQI) (17, 18) has
established guidelines which provide updated information, recommendations and
target values to be achieved in CKD patients. To overcome and treat the elevated
serum phosphorus, hyperphosphatemia management approaches have launched in
order to control and keep the serum phosphorus in accordance with the guideline level.
Management of hyperphosphatemia based on three main aspects which are 1) Excess
phosphate removal by adequate dialysis, 2) Inhibition of intestinal phosphorus
absorption by using a proper phosphate binders and 3) Restriction of dietary
phosphorus consumption particularly inorganic phosphorus which is highly absorbed
(21-27).

Dietary phosphorus restriction is often challenging in HD patients since
phosphorus can be found in almost of all foods as a component of living organisms
(28). According to Areekul M. (29) study, the results indicated that 88.89% of HD
patients did not know the high phosphorus-containing foods which is similar to the
study of Sa-ngalee M. (30) and Saelim S. et al. (31) They also found that patient were
unable to identify food sources high in phosphorus which is one of the major factors
for ineffective dietary phosphorus restriction.

Nonetheless, phosphate binders (PB) were prescribed in order to inhibit
phosphorus absorption and excrete in feces. High level of PB due to noncompliance

resulted from many pill burdens such as size, taste, number of pills, medication
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regimens, daily fluid restriction that may affected to more difficult in pills swallowing
(32-35). The average intake of medications in CKD patients is usually more than 10
pills per day leading to non-adherence to the medications regimens (30, 31, 36).
Saelim S. et al. (31) also found that the most common pill burden drug in HD patients
is PB (32). Furthermore, PB usually prescribed as fixing dose which may not
correlates with the individual patient’s food habits such as 2 PB pills with meal
without considering in phosphorus intake per each meal, per day and even additional
intake from snacks (37). Additionally, Lack of sufficient nutrition and medication
knowledge were also enhancing factors to poor PB adherence (32, 38).

Pollock JBet al. (39) evaluated the knowledge of phosphorus versus
potassium, sodium and protein content in foods in patients receiving maintenance
dialysis and found that patients undergoing maintenance dialysis have least knowledge
in dietary phosphorus content compared with other nutrients which was consistent
with the Durose CL et al. study (38). An unsuccessful dietary phosphorus restriction is
the major barriers to achieve standard serum phosphorus target, therefore, providing
sufficient knowledge through education is necessary. Several studies have showed that
increased time for dietary counseling on phosphorus education to HD patients can
improve their dietary phosphorus intake more effectively and better serum phosphorus
control (40, 41).

According to numerous studies (37, 42-44), intensive and innovative
education is crucial for better phosphorus control in patients. Providing knowledge
incorporated with simply teaching tool to HD patients can promote their motivation,
compliance, adherence, and enhance them to understand on particular topics
effectively (40). These enable patients to make proper food choices and better control
of phosphorus to preventing hyperphosphatemia, reducing risks of mortality associated
with hyperphosphatemia, and improving patients’ quality of life and longevity.

Therefore, this study was conducted to develop a nutrition educational tool
using phosphorus counting technique incorporated with color system to better control

their dietary phosphorus intake.
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CHAPTER I
OBJECTIVES

General objective

To develop a phosphorus counting booklet for HD patients.

Specific objectives

1. To assess phosphorus contents of foods commonly consumed in Thais
and HD patients.

2. To evaluate the knowledge and the satisfaction of the developed
educational tool.

3. To assess daily dietary phosphorus and protein intake of HD patients.

Research hypothesis
The developed nutrition educational tool using phosphorus counting
technique can improve knowledge and better control of dietary phosphorus intake of

HD patients.

Expected outcomes and benefits

Social
Dialysis patients can use this developed tool in planning their daily dietary
phosphorus intake which lead to better controlling serum phosphorus and improve

quality of life.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Food and Nutrition for Development) / 5

Economic
The decreasing of complications related to the hyperphosphatemia can
prevent chronic kidney disease mineral and bone disorder (CKD-MBD) which reduce

the health care expenses.

Academic

1. To obtain a new educational tool which illustrate the phosphorus
counting technique.

2. Dietitian and health care teams can use this developed tool to consult

CKD patients on phosphorus intake.

Scope of the study
The study focused on subject’s knowledge, accuracy and perception in
phosphorus counting concept. The evaluation of the developed educational tool was

conducted in HD patients received dialysis regularly at Siriraj hospital.

Research variables

Independent variables:
1. The developed nutrition educational tool.

2. Phosphorus counting technique.

Dependent variables:
1. Knowledge and understanding of phosphorus counting concept.

2. Satisfaction and acceptation of the developed booklet.
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CHAPTER I
LITERATURE REVIEW

Several researches and information related to the study were reviewed.
This section was divided into four main parts as follows; phosphorus metabolism,
hyperphosphatemia and management, phosphorus counting technique and traffic light

color concept, and effectiveness of educational intervention in HD patients

3.1 Phosphorus metabolism

Phosphorus is a multivalent nonmetal of nitrogen group with atomic
number 15 and atomic weight 31 (45). Phosphorus is one of the most opulent minerals
in the body with the fourth position after carbon, nitrogen and calcium respectively
(45). Phosphorus is constituents of cell tissues and bones. It is an essential mineral for
body’s metabolism and mineralization. Phosphorus plays many important roles such
as bone mineralization and growth promoting in all ages especially in child (46).
Phosphorus is a component of the bone in the form of hydroxyapatite, a component of
a plasma membrane as phospholipids, component of long chain nucleic acids and a
component of the enzymes in the phosphorylation reaction regulated in many
hormones activation. Moreover, adequate phosphorus is needed for energy storage and
production as adenosine monophosphate (AMP) and adenosine triphosphate (ATP)
form (47, 48).

A total phosphate amount contained in the body is approximately 1 percent
of total weight, of which 80% to 85% is present in bone and teeth, 14% within the cell
tissue (by 9% in the muscle and 5% in the internal organ), mostly in the form of
organic compounds such as ATP, creatinine phosphate, nucleic acid, phospholipids,
phosphoproteins, and remaining 1% within the extracellular space or plasma

compartment in both forms of organic and inorganic compounds (48). In serum,



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Food and Nutrition for Development) / 7

however, mostly phosphorus is located as inorganic phosphorus or phosphate form
(PO,®) with normal range concentration 2.5 to 4.5 mg/dL (47, 48).

Most of dietary phosphorus is highly absorbed at small intestine by passive
paracellular diffusion from high to low concentration (electrochemical gradient)
without using energy via the co-transporter named luminal sodium phosphate
cotransporter type 2b (49). The most absorption of phosphorus in small intestine
occurs at jejunum, after by ileum and duodenum respectively (47, 48). Average daily
dietary phosphorus intake is 1,000 to 1,500 mg in Western diet (25, 48, 50). However,
average daily dietary phosphorus intake is between 900 to 1,400 mg among Thais
(45). Approximately 60 — 70% of dietary phosphorus is absorbed via small intestine,
mostly at duodenum and jejunum (49). Generally phosphorus is filtered at glomerulus
since the phosphorus is not bound to albumin. About 70% to 90% of filtered
phosphorus is reabsorbed via renal tubular cells, of which, 75% at proximal tubule,
10% at distal tubule, and 15% is excreted from the body as urine. 70% of phosphorus
absorbed is excreted by the kidney and 30% via the gastrointestinal tract. Phosphorus
re-absorption at proximal tubule occurs via the 3Na-HPO, co-transporter type 2a
(NPT-2a) (49). The activity of this transporter is increased respond to lower serum
phosphorus and serum 1,25(OH), vitamin D level and decreased response to higher
serum parathyroid hormone (PTH) and phosphatonin level (49).

In healthy individual, dietary intake is balanced with fecal and urinary
output in order to maintain neutral phosphorus homeostasis. Gastrointestinal (GI) and
urinary phosphate excretions were around 150 mg/d and 800 mg/d respectively (51) as

shown in Figure 3.1.
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Figure 3.1: Phosphorus homeostasis in normal health (48)

3.2 Hyperphosphatemia and management

Hyperphosphatemia is associated with many complications which
increased risk of death in renal disease patients; therefore, it was necessary needed to
be considered and managed to prevent this condition. The definition, pathophysiology,

consequences, and management are described as follows;

3.2.1 Definition and pathophysiology

CKD and end-stage renal disease (ESRD) is causing the derangement of
several mineral metabolisms such as calcium, potassium, magnesium and phosphorus.
Excessive phosphorus cannot be removed from the body due to the degeneration of
kidney function (52, 53). Reduction in GFR below 25 — 30 ml/min or renal phosphorus
clearance resulting in positive phosphorus balance leading to elevated serum

phosphorus or hyperphosphatemia (13).
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The ability of kidney to control minerals regulation becomes impaired
according to the decreased in renal mass at GFR of approximately 50 ml/min. Kidneys
begin to losing their ability and functions to regulate phosphorus when the GFR fall
below 30 to 50 ml/min result in cumulative of phosphorus in serum leading to
hyperphosphatemia or serum phosphorus level more than 5.5 mg/dL (18). Organs,
tissues and vascular calcification of calcium and phosphorus are increased owing to
the high serum phosphorus level. The increased risk of death from cardiovascular
diseases and other related complications is appearing if serum phosphorus level more
than 6.6 mg/dL. (13). Recently, Sim et. al. (54) indicated that subjects with normal
kidney function (eGFR 60 mL/min/1.73 m?), every 0.5-mg/dL phosphorus increase is
associated with a 40% greater risk for incident ESRD as well as serum phosphorus
levels above 3.1 mg/dL.

Generally, phosphorus metabolisms are controlled by various hormones
such as parathyroid hormone (PTH) and 1a, 25(OH),D3(52). PTH appears to increase
in order to mediate the increased elimination of phosphorus in the early of kidney
disease (52). This is a compensatory mechanism to maintain normal serum
phosphorus. Therefore, the serum phosphorus levels are kept in normal but PTH levels
are remaining elevated. As renal functions decline continuously result in larger amount
of PTH secretion to maintain phosphorus homeostasis. Hyperphosphatemia becomes
more obvious when PTH were unable to maintain normal serum phosphorus. Thereby,
high serum phosphorus level altered several hormones regulation in the body (4, 52).

The production of 1-o-hydroxylase, the activation enzyme needed for
converting inactive form of 25 (OH)-vitamin D3 to active form of vitamin D or
calcitriol, were inhibited by the elevated serum phosphorus. Moreover, the
deterioration of renal functions leading to the lower synthesis of calcitriol and lower
resorption of calcitriol in intestinal tract resulted in the lower absorption of calcium
into circulation (48, 49, 52). For these reasons, the reduced in serum calcium or
hypocalcemia has occurred as the results from the minerals imbalanced (4).

The reduction in calcitriol, impaired vitamin D synthesis, and
hypocalcemia results in decreased phosphate absorption which stimulates the synthesis

of PTH in order to maintain phosphorus and calcium homeostasis (52).
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The functions of parathyroid hormone are increase renal calcium
resorption, decrease urinary calcium excretion resulted in calcium demineralization
from bone to serum and enlarge the incidents of renal osteodystrophy. In addition, the
increased in PTH synthesis and long period secretion result in parathyroid gland
hyperplasia or Secondary hyperparathyroidism in order to maintain normal serum
phosphorus (48, 49, 52).

Phosphate overload and hyperphosphatemia have been associated with the
increased risk of morbidity and mortality from cardiovascular diseases in undergoing
dialysis patients. Coronary artery calcification, risk factor for cardiovascular disease,
accounts for at least 40 to 50% of dialysis patients (55). Moreover, mortality from
cardiovascular disease is 20 to 40 fold higher than age-, gender- and race-matched
general populations which unrelated to the etiology of renal disease. According to the
follow up analysis of USRDS study, if serum phosphorus greater than 6.5 mg/dL was
associated with an increase relative risk of mortality from coronary artery disease
(CAD) and sudden death with relative risk 1.56 and 1.27 respectively (7, 56).
Furthermore, the risk of death increased 18% for every 1-mg/dL increase in serum
phosphorus (relative risk [RR], 1.18 [95% confidence interval {CI}, 1.12-1.25]) (57).

3.2.2 Consequences of hyperphosphatemia
There are many consequences of having prolonged elevated serum
phosphorus level or hyperphosphatemia. The most well-known and necessary
concerned consequences are secondary hyperparathyroidism, renal osteodystrophy,
soft tissue and vascular calcification, and the cardiovascular disease which are
described as follows (21, 25, 26, 46, 58);
3.2.2.1 Secondary hyperparathyroidism
Secondary hyperparathyroidism is resulted from inadequacy of
calcitriol production in the early stages of CKD. Prolonged hyperphosphatemia
becomes the major and crucial factor in the gradually progression of secondary
hyperparathyroidism. Secondary hyperparathyroidism is associated with the
accumulation of excess serum phosphorus, elevated serum calcium and phosphate
products, hypocalcemia, and impaired of vitamin D synthesis stimulating over

synthesis of PTH contributed to hyperplasia of the parathyroid gland (59). Therefore,
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better hyperphosphatemia management should be achieved in order to prevent the
occurrence of secondary hyperparathyroidism.

3.2.2.2 Renal osteodystrophy

Renal osteodystrophy or chronic kidney disease-mineral bone
disorder (CKD-MBD) which characterized by bone mineralization deficiency resulted
from the abnormalities of electrolytes accompanied with chronic renal disease. Renal
osteodystrophy are causing from hypocalcemia, hyperparathyroidism, secondary
hyperphosphatemia and uremia related phosphate retention. High-turnover renal bone
disease (high PTH disease) can be seen in renal patients (4, 60). Reduced in serum
calcium and vitamin D production including phosphorus retention stimulated high
level of PTH synthesis affects the bone mineral resorption and osteoclastic mechanism
(21, 60). Related symptoms are weakness, bone pain, and pathological fractures which
is the common complication of renal osteodystrophy (21).

3.2.2.3 Soft tissue and vascular calcification

Soft tissue and vascular calcification result from several
important factors involved together which are elevated serum phosphorus, calcium and
phosphate (Ca x P) products, and PTH. Excess calcium and phosphate (Ca x P)
products are deposited in bone, tissue, and vascular calcification (21, 59). Moreover,
over amount of calcium and phosphate will form a crystal and deposit in the skin
causing unstoppable itching (61). Visceral and peripheral vascular calcifications are
the crucial factors contributed to the increased risk of death in CKD patients (57, 62).

3.2.2.4 Cardiovascular disease

Poor control of hyperphosphatemia has been linked to the
increased risk of vascular calcification, cardiovascular mortality and the progression of
CKD (10, 21). According to the DOPPS which included 25,588 HD patients, the
results indicated that serum phosphate level of 3.6 to 5 mg/dL was associated with a
lower risk of cardiovascular mortality, however, the greater risk of mortality increased
if the serum phosphorus levels greater than 7 mg/dL (63).

The greatest risk of mortality was also found for calcium levels
more than 10.0 mg/dL and PTH levels more than 600 pg/dL. The Kestenbaum B et al.
(64) study showed that each 1-mg/dL increase in serum phosphate was associated with
an approximately 23% increased risk for death (95% ClI, 1.12 to 1.36) (64). Moreover,



Yaninee Cherdrungsi Literature Review / 12

long period of elevated serum phosphate within the normal range resulted in greater
risk of carotid atherosclerosis, coronary calcification, and cardiovascular mortality in
ESRD patients (65, 66).

Therefore, hyperphosphatemia have been associated with the
greater risk of all-cause and cardiovascular mortality, left ventricular hypertrophy
(LVH) and fractures (63, 67, 68).

3.2.3 Hyperphosphatemia management

Gradually declining in kidney function effects on PTH, calcitriol and
mineral metabolisms; thereby stimulating the appearance of elevated serum
phosphorus. Several short and long-term complications occurred as a result of
hyperphosphatemia which can be lessened and managed by improving of serum
phosphorus control (21-27).

Management of hyperphosphatemia based on three principles which are 1)
excess phosphate removal by dialysis, 2) inhibition of gastrointestinal phosphorus
absorption, and 3) restriction of dietary phosphorus (21-27, 45).

3.2.3.1 Excess phosphate removal by dialysis

Dialysis treatment is necessary requires in HD patients to be
compensated for elimination of excess phosphorus and other minerals. The majority of
phosphate is located intracellular space, hence, mostly of phosphate removed by
dialysis is come from this compartment. Phosphorus is dialyzed through
hemodialyzers according to the gradient of phosphorus between plasma and dialysate
(48, 69). A standard conventional thrice weekly dialysis (CHD) with 4 hours duration
is the dialysis means which commonly used widespread for excessive phosphorus
elimination. In the first phase 60 — 90 minutes of HD, serum phosphorus decreased
suddenly due to the different of gradient between plasma and dialysate. When
phosphorus gradient begins to decrease, therefore, resulting in reduction in transfer
rate leading to slowly phosphorus movement from intracellular compartment to
extracellular compartment (48, 70). After the termination of dialysis treatment, serum
phosphorus level rebound to 80% of predialysis serum phosphorus values. These
kinetic called “Post-dialytic rebound; PDR” that originally described by Desoi and
Umans (71). CHD can replace renal function only about 6 - 7%. Therefore, CHD with
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1,800 to 3,600 mg per week (600 to 1,200 mg phosphorus removal per treatment) may
insufficient for removing excess phosphorus since estimated phosphorus intake is
4,200 to 6,300 mg per week (600 to 900 mg per day) not including additional
phosphorus intake from additives (37, 50, 72). However, only conventional HD is not
able to eliminate excess phosphorus adequately to maintain normal serum phosphorus
level (phosphorus balance) without using any PBs (73).
3.2.3.2 Inhibition of gastrointestinal phosphorus absorption
by using phosphate binders
Gastrointestinal phosphorus absorption was inhibited by using
appropriate PBs. Approximately 70% of patients undergoing dialysis with dietary
phosphorus restriction is still have elevated serum phosphorus level or
hyperphosphatemia, therefore, PBs is necessary prescribed in order to decrease serum
phosphorus by inhibiting phosphorus absorption and excreting them from the body
(74). Dietary phosphorus was bound by PBs in intestinal tract forming an insoluble
complex which unable to absorb into circulating system and eliminated by feces. In
present, there are many PBs to choose, however, each binder’s risks and benefits
should be considered. Dosage and type of PBs are depending on doctor’s opinion,
patient’s serum phosphorus and the amount of phosphorus consumed in each meal.
PBs are usually divided into calcium and non-calcium containing groups (34, 75-79)
as follows;
3.2.3.2.1 Calcium containing PBs such as calcium
carbonate, calcium acetate, and calcium citrate
3.2.3.2.2 Non-calcium  containing PBs which
consist of 2 subgroups; 1) Aluminum — containing PBs such as Aluminum hydroxide
and 2) Magnesium — containing PBs such as magnesium carbonate and magnesium
hydroxide
3.2.3.2.3 Non-calcium, non-aluminium containing
PBs such as Sevelamer hydrochloride or “Renagel”
PBs work more effectively when dietary phosphorus intake is
less than 1,000 mg/d (42). Aluminum-containing PBs, an excellent PB, was used
widely in the past. However, long-term or high doses administration of these

compounds leads to accumulation of aluminum within the body causing systemic
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toxicity such as dementia, microcytic anemia, osteomalacia, and even muscle
weakness (23, 24, 37, 75, 76, 80). Nonetheless, aluminium-containing PBs are still
used in short term only in patients with very high serum phosphorus or Ca x P
products more than 70 since it was bound to the phosphate effectively. In patients with
serum phosphorus levels greater than 7 mg/dL, aluminum-based PBs may be
prescribed only in short-term for 2 to 4 weeks to avoid aluminum toxicity and then
return to use calcium containing PBs again (18, 34, 76, 80, 81).

In present, calcium-containing PBs such as calcium carbonate
and calcium acetate are well specified as effective PBs and most widely prescribed for
dialysis patients (26). Calcium carbonate becomes the most commonly used and
available PBs in Thailand according to their medium phosphate binding capacity,
inexpensive, and caused less adverse side effects such as nauseas, vomiting and
constipation (34, 76). Calcium carbonate maximally binds to phosphates when the
gastric pH is 1.5, thereby, it should be taken before meal 10 to 15 minutes or during
the meal (26, 77, 82). One gram of calcium carbonate binds to phosphorus
approximately 39 mg in intestine (83) (Table 3.1). However, prolonged used of
calcium containing PBs can result in hypercalcemia in over 50% of patients especially
when used with vitamin D (77, 80, 84). Therefore, non-calcium and non-aluminium
PBs were developed.

Nowadays, there is a new-generation of PBs such as sevelamer
and lanthanum carbonate as alternative choices to avoid undesirable side effects.
Moreover, vitamin D metabolites have been used more frequently to overcome
hyperphosphatemia by promoting absorption of calcium and phosphorus (62).
Sevelamer hydrochloride is a novel non-absorbed, non-aluminum, non-calcium PBs. It
binds to phosphate well at pH 6 -7 in the small intestine (34, 78, 83). From previous
study, not only phosphate, Sevelamer hydrochloride also binds to bile salt and thereby
decreases excretion of bile acid leading to reduction in low density lipoprotein (LDL)
cholesterol (85, 86) ranging from 20 to 40 mg/dL (77). Moreover, it can reduce the
level of total cholesterol and increasing high density lipoprotein (HDL) cholesterol
without adding calcium or aluminum as well (26, 87). However, Sevelamer
hydrochloride remains one of the most expensive PBs and it is not available in

Thailand (34). Magnesium-containing PBs are not effective in phosphate binding,
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therefore, larger dose are required and leading to magnesium retention or
hypermagnesemia. Moreover, it causes adverse Gl effects such as diarrhea, and
hyperkalemia (25).

In 2004, U.S. Food and Drug Administration (FDA) has
recently approved Lanthanum carbonate, a novel non-calcium and non-aluminum PBs,
enable to use in ESRD patients for hyperphosphatemia treatment (77, 80). Lanthanum
carbonate is non-calcium or non-aluminum PBs which is bound to the intestinal
phosphorus forming an insoluble complex unable to absorb into circulating system
(34, 75-77). Several studies (37, 47, 77, 79, 80, 83) indicated that Lanthanum
carbonate inhibit phosphorus absorption effectively almost as same as calcium
carbonate and not affects to the bone formation. However, they are not available in
Thailand (34). However, calcium-containing phosphorus PBs has been widely used
and remained popular in worldwide including Thailand. Although, there were numbers
of evidences (55, 77, 81, 83, 88, 89) revealed that high-dose and long-term used of
calcium-containing phosphorus PBs leading to elevated serum calcium which is
associated with vascular calcification. At present, there are several PBs to choose and
no recommendation suggest which binders should be used therefore KDOQI guideline
recommends that the elemental calcium derived from PBs should not greater than
1,500 mg and the total intake of elemental calcium (including dietary calcium) should
not exceed 2,000 mg/day (17, 18, 82). Calcium-based PBs should not be used in
dialysis patients with hypercalcemic (Serum calcium > 10.2 mg/dL [2.54 mmol/L]), or
whose plasma PTH levels are < 150 pg/mL or on both measurements (17, 18).

Though, Chiu et al. (35) indicated that HD patients have the
greatest pill burden of all chronically ill individuals. Average intake of medications in
HD patients is approximately 11 to 15 medications or 20 to 25 tablets daily leading to
non-compliance of life style modification (90). Faced with the daily numerous
medications to consume (especially PBs) including with daily fluid restrictions making
difficulty in pills swallowing (32). Moreover, they have to challenge with the
numbers, size and taste of pills (33) adding up with the adverse side effects associated
with medications, and the pills forgotten when they busy or outside the home or even

difficulty in opening medication bottles (32, 91). For these reasons, HD patients
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usually have poor adherence to oral medications regimen (36) which could lead to
insufficient phosphate removal and finally ending up with hyperphosphatemia.

Table 3.1 Phosphate binders used in hyperphosphatemia treatment (77, 78, 83)

Phosphate Initial Total | Phosphorus-binding Comments
binders Daily Dosage capacity
Aluminum 5.7¢° 22.3 mg phosphorus Risk of osteomalacia
hydroxide bound/SmL and encephalopathy;
reserve for use when
serum phosphate conc
> 7 mg/dL
Calcium 5¢° 43 mg phosphorus Risk of
carbonate bound/1 g elemental hypercalcemia; less
calcium effective at high pH
Calcium acetate 4002 mg* 106 mg phosphorus Contains less
bound/1 g elemental elemental calcium
calcium than calcium
carbonate; less risk of
hypercalcemia
Sevelamer 2400 mg 80 mg phosphorus Maximal phosphate
hydrochloride bound/1 g sevelamer® | binding at pH 7
Lanthanum 750 mg Not available Binding occurs across
a wide pH range

a Dose expressed as the aluminum hydroxide.
b Dose expressed as the calcium carbonate.
¢ Dose expressed as the calcium acetate.

d Animal data only
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3.2.3.3 Restriction of dietary phosphorus

The usual daily intake of phosphorus varies significantly
depending on the food patterns and food items consumed. Average dietary phosphorus
consumption in Thais was approximately 900 — 1,400 mg/d which estimated only in
the form of naturally organic phosphorus (45, 58). In present, phosphorus-containing
food additives and preservatives are widely used and being added during the food
process to a large number of processed foods including enhanced meats, bakery
products and even beverages (37, 65, 92, 93). These products can be purchased easily
and conveniently in the market as well as theirs consumption increased continually in
both general population and HD patients. As a result, phosphorus intake may rise up to
1,000 mg per day from such additives depending on individual food habits and food
choices (37, 48, 65, 93, 94). Source of dietary phosphorus can be divided into 2 main
sources as follows;

3.2.3.3.1 Naturally-Organic phosphorus

Organic phosphorus can be found in both animal
and plant-based foods since it was bound to the protein or other intracellular
molecules. Digested organic phosphorus is hydrolyzed and absorbed into circulation
system in the intestine. However, about 40% to 60% of organic dietary phosphorus is
absorbed depending on many factors such as phosphorus bioavailability and
digestibility or usage of PBs. Naturally Organic phosphorus can be divided into 2 sub
groups according to the food source origin which are phosphorus from animal and
plant protein. Firstly, animal-based phosphorus which can be found in animal protein
rich foods such as meat, fish, poultry, eggs, milks, cheese and dairy products.
Secondly, plant-based phosphorus which can be found in small amount of fruits and
vegetables and relatively higher in some plant seeds, beans, bran, nuts and legumes
(28, 92).

The difference between animal- or plant-derived
organic phosphorus containing foods is the digestibility of phosphorus. The
digestibility of plant-based proteins is generally lower than animal-derived proteins
since plant phosphorus was stored in the form of phytates which human do not have
enzyme phytase to hydrolyze them (95). Therefore, the bioavailability of plant
phosphorus is low usually less than 50% (28, 92). Accordingly, only 60% of
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phosphorus from a typical mixed diet is absorbed (48). In contrast, over 90% of
inorganic phosphorus is absorbed in intestinal tract as they are in the form of salts, not
protein-bound, which is readily to absorb. However, the percentages of phosphorus
absorption can decrease to 30 - 40% in conjunction with the proper usage of phosphate
binders and decrease to nearly 80% with vitamin D supplement (28, 48, 50, 70, 96,
97).

3.2.3.3.2 Inorganic  phosphorus  or  Hidden
phosphorus

Many preservatives and additives usually added
during the food processes contain inorganic phosphorus as one of the major
components. Over ninety percentages of inorganic phosphorus is absorbed into the
circular system since they are not protein bound resulting in more easily and readily to
absorb. Phosphorus additives affects greater load of phosphorus beside naturally
organic phosphorus absorbed normally; therefore it was known “Hidden phosphorus”
because most of food factories did not specify the use of phosphorus containing food
additives on the food labels, therefore the consumer does not realize whether the
products contain it or not or how much does the products have (28, 92, 96, 98-105).

There are several purposes and applications of
using additives in processed food manufacturing such as to improve color, extend
shelf life, enhance flavor and taste, and keep food’s moisture (96, 98-101, 103) (Table
3.2). Inorganic phosphorus can be found in various processed foods, frozen meals,
enhanced meats, cereals, snack bars, processed or spreadable cheeses, instant products,
powder based food products, refrigerated bakery products and certain beverages such
as colored-carbonate drink, bottled-green tea and beer (104, 106). Moreover, uncooked
enhanced meats and poultry products may contains phosphate additives salt higher
than cooked one approximately two folds (104). The level of food additives used in
processed foods was in the range of 0.1 to 5% (107). However, Ministry of Public
Health of Thailand published the notification (vol. 281) about the regulation of using
phosphate additives not over the upper limit amount in each food products (108). For
example, the amount of phosphate additives used in enhance meats products (e.g.
sausages, pork balls, ham) should not over than 3,000 mg of phosphorus per 1

kilogram of food products (108).
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Table 3.2 Example of phosphorus additives used in processed foods and their
functions in different food products (105, 107).

Phosphorus additives

Function

Food products

Calcium phosphate

Leavening agent,

acidulant, nutrient

Cereal products,

baked goods

Dicalcium phosphate

Nutrient, texturizer, yeast
food, dough conditioner,

dietary supplement

Baked goods, cereal

products, dessert gels

Disodium phosphate

Protein stabilizer, buffer,

emulsifier

Frozen desserts, noodle

and macaroni products

Phosphoric acid

Acidulent,

sequestering agent

Soft drinks, beverages

(colas, wines, beers)

Potassium phosphate

Sequestrant, texturizer

Frozen foods

_ ' Processed foods
) Protein stabilizer, [
Sodium phosphate i (hot dogs, deli meats,
buffer, emulsifier

marinated meats)

Sodium acid ; Refrigerated section
Leavening agent

pyrophosphate e.g. rolls, biscuits

Currently, the popularity of using inorganic phosphorus
containing food additives and preservatives in foods processing is increasingly as well
as the trend in population consumption rate of processed foods (93, 96, 109).
Processed foods such as frozen meals or even bottled-beverages can be purchased and
accessed easily since they are available in the market and convenience stores with an
affordable price (105, 110). Changing of consumer’s consumption behaviors and lack
of times are also important factors affect the higher demand of these products. The
results from Bell et al. (94) study suggested that large amount consumption of
phosphorus additives in foods can increase the total dietary phosphorus intake from
979 mg/d to 2124 mg/d in Americans.

NFK-KDOQI has established practice guidelines for bone
in CKD (17, 18). included the

recommendations for complications, dietary, and also medications management

metabolism and disease The guidelines
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according to the stages of CKD in order to prevent mineral and bone disorder resulted
from prolonged mineral disturbances and to improve patients’ quality of life.

KDOQI guideline suggested that stage 3 and 4 of CKD
patients should maintain their serum phosphorus level in the range of 2.7 — 4.6 mg/dL
while stage 5 CKD patients and those with undergoing dialysis should maintain
between 3.5 and 5.5 mg/dL (17, 18) (Table 3.3). However, CKD or undergoing
dialysis patients should restrict the dietary phosphorus consumption between 800 to
1,000 mg/day (Table 3.4) which can be adjusted according to the protein needs and
should monitor the serum phosphorus every month after starting dietary phosphorus
restriction (17, 18). According to The NFK/KDOQI dietary practice guidelines (17,
111), it was recommended that patients on maintenance dialysis should have minimum
protein intake of 1.2 g/kg/d in order to maintain well nutrition status and prevent
protein energy wasting (PEW) which usually occurred in HD patients (112).
Furthermore, at least 50% of total protein intake should come from high biological
value protein (HBV) which contains essential amino acids such as animal-derived
protein, meat, eggs and dairy products. However, protein-rich foods are also a good
source of phosphorus. Therefore, higher protein intake is associated with greater
amount of dietary phosphorus intake contributing to positive phosphorus balance or
accumulation of phosphorus in serum (113).

Therefore, the recommendation of dietary phosphorus intake is
specified as milligram of phosphorus per gram of protein or phosphorus-protein ratio
to prevent nutritional inadequacy. 12 — 16 mg phosphorus per 1 g of protein is
suggested to CKD patients with dialysis along with the recommendation of KDOQI
guideline (18) that maintenance dialysis patients should restrict their dietary
phosphorus intake approximately 800 -1,000 mg/d which is equivalent to 17 mg/kg/d
(18, 58, 65, 114). In addition, the total daily dietary intake of phosphorus depends on
not only the naturally organic phosphorus but also the inorganic phosphorus as well
since it is readily to absorb with almost 90% of digest inorganic phosphorus (106,
110). Therefore, avoiding processed foods or minimize their numbers of consumption
is one of the best strategies to help patients achieve a target goal in dietary phosphorus

restriction and serum phosphorus level (93).
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Butt S. et al. (93) showed that there was a significant higher
serum phosphorus level is associated with higher frequencies of fast food consumption
(p < 0.001) in patients receiving HD. Moreover, the amounts of phosphorus intake
were increased in accordance with the numbers of fast food items consumed per day (p
= 0.22). Sullivan C. et al. (115) determined the effect of limiting the intake of
phosphorus-containing food additives on serum phosphorus levels among patients
with ESRD. The results showed that there was a 0.6 mg/dL reduction in serum
phosphorus levels of intervention group (received education) greater than control
group after three months of the study (p = 0.03). Accordingly, the researchers
recommended that a restriction of foods with phosphorus additives through education
could improve the levels of serum phosphorus in subjects with end-stage renal failure

and cope with the hyperphosphatemia wisely.

Table 3.3 Paradigm shift to early monitoring of parathyroid hormone, calcium and

phosphorus metabolism in CKD patients (116).

CKD Measurement of
GFR* Range Measurement of PTH
Stage CaandP
3 30-59 Every 12 months Every 12 months
4 15-29 Every 3 months Every 3 months
5 < 15 or dialysis Every 3 months Every month
Targets
iPTH (pg/dL) Stage 3: 35— 70; stage 4: 70 — 110; stage 5: 150 -300
P (mg/dL) Stage 3and 4: 2.7 — 4.6; stage 5: 3.5-5.5
Ca (mg/dL) Normal parameters for the lab
Ca x P product (mg*/dL?) | <55

* GFR in mL/min/1.73 m?
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Table 3.4 Nutrients requirement of kidney failure (ESRD) according to KDOQI
guideline (17, 117)
Nutrients requirement in kidney failure (ESRD) or GFR < 15

Low protein 0.6 g/kg/d, if on conservative management, 1.2 — 1.3 g/kg/d
If on maintenance dialysis phosphorus 800 — 1,000 mg

Energy 30 — 35 kcal/kg/d

(35 < 60 years; 30 > 60 years; Diabetics < 30 kcal/kg/d)

Non-calcium based phosphate binder with meals

Calcium 1,000 — 1,500 mg/d

Sodium < 2.4 g/d

Potassium 1 mEqg/kg

Cholesterol < 200 mg/d

Water soluble Vitamins and minerals as per RDA

Treat anemia with folic acid, B12, iron supplements, and erythropoietin stimulating

agents as per requirements of the patients.

3.3 Phosphorus counting technique and traffic light color concept

3.3.1 Researches based on using phosphorus counting technique

Ahlenstiel T. et al. (43) investigated the effect of providing nutrition
knowledge relevant to the phosphorus content in CKD patients aged between 4 to 17
years. The program named “Junior PROPHET’ Study” (Phosphate Reduction by
Phosphate Education Program in Pediatric CKD patients). The innovative tool
“Phosphate Education Program (PEP)” developed by Kuhlmann MK.(37) based on
patient empowerment to eye-estimate meal phosphorus content was introduced to the
patients and their parents. The newly defined ‘“Phosphate Units (PU)” was
incorporated with the using of self-adjust PB dosage.

PU was assigned to indicate phosphorus content in the food groups;
therefore patients can estimate the meal phosphorus content easily. One PU was
represented for 100 mg of phosphorus per defined serving size (Table 3.5). When

patients are able to estimate phosphorus content of food, then they can self-adjust their
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PB doses according to an individually prescribed PB/PU ratio (PB pills per PU) by the
physician based on the dietary phosphorus intake data. The results showed that the
percentage of subjects with serum phosphorus > 5.5 mg/dL reduced from 63% to 31%.
The mean serum phosphorus level decreased from 6.01 + 0.71 mg/dL at baseline to
5.20 £ 0.93 in Week 7-12 (p = 0.02) and to 5.51 = 1.12 mg/dL in Week 19-24 (p =
0.2). However, the dietary behavior and total dietary phosphorus consumption have

not significantly changed after introduction of the PEP concept (p = 0.25).

Table 3.5 Definition of the “Phosphate Unit” (PU)

Phosphorus content (mg) Phosphate Unit (PU)
0-50 0

50 - 100 1
100 - 200 2
200 - 300 3
4
5

300 - 400
400 - 500

Degen AJ. (42) determined the effectiveness of nutrition counseling in pre-
dialysis CKD patients with hyperphosphatemia. The subjects were provided with the
intensive dietary education by using the Phosphorus Point System Tool (PPS) which
was developed at St. Michael’s Hospital. The PPS based on a system that assigned
points for the amount of phosphorus in foods; 0.5 points for 12.5 milligrams
phosphorus or 1 point for 25 milligrams. This tool consists of over 1,347 foods’
phosphorus content data with common food measures from the Canadian Nutrient File
that are listed in alphabetical order within food groups as descriptive information.
Subjects are prescribed with a daily total goal points to achieve which is between 32 —
40 points or 800 — 1,000 mg phosphorus. The prominent point of this tool is the high
potassium foods were highlighted making an awareness of over consumption of these
foods. The effectiveness of PPS tool was compared with the SE for 12 week.

The results showed that PPS tool reduced 12 week serum phosphorus
levels by 0.5 mg/dL when controlling for serum phosphorus at baseline (p = 0.130).

Dietary phosphorus and protein intake in PPS group significantly decreased compared
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to SE group (p = 0.026, p = 0.050 respectively) as well as the potassium intake (p =
0.036) since the high potassium foods were also highlighted in PPS tool. The
researcher suggested that the reduction in subject’s potassium intake may have
occurred from the color shaded in potassium-rich foods stimulating an awareness of
those items. However, dietary phosphorus intake was not significantly decrease at
week 12 in both groups. Within the PPS group, 55%, 0%, and 25% of participants
consumed more than 1000 mg phosphorus per day at baseline, week 6, and week 12,
respectively. Within the SE group, 23%, 55% and 10% of participants consumed more
than 1000 mg phosphorus per day at baseline, week 6, and week 12, respectively.
According to the mean knowledge test scores, there were no significant
differences between or within groups at week 6 or week 12. The researcher concluded
that although there was a trend indicating that the tool may reduce serum phosphorus

levels, further research is needed (42).

3.3.2 Researches based on using traffic light color concept

Karupaiah T et al. (44) developed a nutrition education package for
Malaysian HD patients by evaluating the effectiveness of tool on satisfaction and
acceptance. The nutrition education package was consisted of 1) Flip chart entitled
“Eat right on Hemodialysis™2) a set of posters focused on 5 topics; “Eat right and stay
healthy”, “High sodium food”, “High Phosphate food”, “Source of potassium”, and
“Source of saturated fat and cholesterol” 3) a set of 55 postcard-sized food pictures
entitled “Food Fotocards for HD patients” and 4) patient information handouts. The
package was evaluated by 25 respondents which are nephrologists, nurses, dietitians,
and patients. The results showed that eighty percentages of evaluators rated the
Flipchart as good and 20% rated it as excellent, whereas 28% rated the Food photo
cards as good and 72% rated them as excellent. However, the effectiveness of the
package has not been measured because it is in the implementation stage. The 55
postcard-size food pictures were used to aid patient enjoy more variety of foods and
plan a daily menu by oneself according to the nutritive value showed in the card. Each
postcard consist of food picture with symbols represented the energy, protein, fat,
phosphate, potassium, and sodium content, serving sizes, weight, food composition,

and practical tips. A traffic light color system and dots was used to specify the
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potassium and phosphorus content in the food. Patients were controlled dietary intake
by counting and keeping within potassium 20 red spots per day and phosphorus 13
spots per day according to the Malaysian’s allowed level and cut-off points

recommendations for potassium and phosphate as showed in Table 3.6.

Table 3.6 Allowed levels and cut-off points for potassium and phosphate (44).

Traffic light color (level) Potassium 2,000 mg Phosphate 1,000 mg

Red (High) 5% = 100 mg or more 8% =80 mg or more

Yellow (Medium) 3% - 5% =50 - 100 mg 4% - 8% =40 - 80 mg
Green (Low) 0% - 3% = < 50 mg 0% - 4% = <40 mg

Janejob N. (118) developed a booklet for sodium content guideline in Thai
foods which was a self-help guideline for sodium restriction and meal planning.
Sodium content per an exchange or serving size of 153 food items were presented as
colored dot based on principle of traffic light concept (Table 3.7). According to Thai
RDI, dietary sodium intake should not over 2,400 mg per day which accounts for 10
red dots (Table 3.7). Therefore, recommended dietary sodium intake can be achieved
by counting colored dot. The color was used to indicate the range of sodium content

promoting an awareness of high sodium foods.

Table 3.7 Sodium content per an exchange or serving size based on the principle of
traffic light concept (118).

o Sodium content per an
Traffic light color (level) color o
exchange or serving size
Red (high) O 121 - 240 mg
Yellow (moderate) 61 - 120 mg
Green (low) 6 - 60 mg

Satitpitakul S. (119) investigated the effect of dietary counseling and using
sodium booklet from previous study (118) on sodium intake reduction in hypertensive
patients. The results showed that the mean score of knowledge and understanding of

meal planning for sodium restriction by using traffic light concept in intervention
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group was increased significantly from week 0 (4.30 £ 2.31) to week 12 (7.68 + 1.38)
(P < 0.05) after using booklet. The reduction in dietary sodium intake in control and
intervention groups was 6.13% and 14.49% respectively after the end of counseling

phase.

3.3.3 Psychology of colors

Nutritional information of foods may be difficult for consumers to
interpret. One approach to solve this problem is the use of color psychology to define
foods according to their nutritive values. This is because colors could have an

influence on human perceptions (120, 121) as shown in Table 3.8.

Table 3.8 Definition of each color according to perceptions.

Colors Perceptions

Red Violent, energetic, challenged, excited, important, dangerous, etc.
Orange Hot, warm, lively, young, free, sour, cautious, etc.
Yellow Cheerful, bright, happily, fresh, etc.
Green Peaceful, calm, relax, cool, natural, safe, regular, etc.
Dark blue | Prudent, polite, firm, serious, tidy, prestigious, etc.
Purple Charming, attractive, mysterious, secret, etc.

Light blue | Transparent, light, wide, clear, clean, liberal, etc.

White Pure, clean, gentle, disclosing, hopeful, faithful, etc.

Black Dark, dirty, mysterious, dead, despairing, depressing, enduring, etc.
Pink Soft, sweet, loving, caring, cute, teenager, etc.

Gray Sad, discouraged, melancholy, aging, peace, discreet, etc.

Gold Elegant, prosperous, valuable, progressive, rich, etc.
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3.4 Effectiveness of educational intervention in hemodialysis patients

There are numerous studies investigated the effectiveness of using
educational tool providing important information in HD patients.

Ford et al. (53) evaluated the effectiveness of dietary counseling for 20 to
30 minutes per month on clinical standard laboratory values including dietary
phosphorus management knowledge in HD patients with hyperphosphatemia for 6
months. The educational tools were used during the counseling included posters,
handouts, puzzles, and individualized phosphorus tracking tool with reachable target
goal. After 6 months, serum phosphorus and Ca x P products levels were significantly
lower than control group received only counseling without additional education
materials (p = 0.0001).

De Brito Ashurst et al. (122) investigated the effect of dietetic educational
intervention on phosphate and calcium levels of HD patients with hyperphosphatemia.
Patients in intervention group were received one-to-one individual education from
renal dietitian while subjects in control group did not have education session or
booklet. The education package tool “A Patient’s Guide to Keeping Healthy:
Managing Your Phosphate” which consisted of a booklet, a medication record chart,
and a refrigerator magnets were provided to the subjects. The booklet was composed
of written description of phosphate and calcium functions, absorption, and excretion
including parathyroid hormone and vitamin D function. Therapeutic approaches of
hyperphosphatemia management highlighted the relationship role of diet, dialysis, and
PBs were covered in the booklet. After 3 months, the results showed that there was
significant reduction in serum phosphorus in intervention group (p < 0.02).

Chandrasekharan L. et al. (123) devised a novel tool called the Phos Graph
to inform patient’s phosphorus levels relative to their dialysis peers. The Graph
indicates the range of serum phosphorus target level as well as individual patient’s
value with ranking comparison in each month of the study. A three months individual
dietary assessment in conjunction with using of the Phos Graph resulted in
improvements of serum phosphorus. The mean serum phosphorus was decreased
significantly from 7.49 mg/dL to 6.69 mg/dL in 3 months which is remains high above
the recommended level. However, there is a conflict that the reduction in serum

phosphorus resulted from dietary counseling or the Phos Graph or both.
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Weil L.(41) provided phosphorus education to HD patients by using an
interactive nutrition educational tool called “Phosphorus wheel (P wheel)” which was
created by the researcher to facilitate patients in phosphorus education reinforcement.
A small window in the wheel showed the nutrition facts of each food commonly
consumed in patients which were phosphorus, potassium, sodium, energy, protein and
fat according to serving size. The wheel consists of 6 food categories with
supplementary phosphorus knowledge on the back of the wheel such as consequences
of high dietary phosphorus intake. The patients used the wheel for one month along
with dietitian teaching. The result showed that patients who met the serum phosphorus
target goal (3.3 — 5.5 mg/dL) increased by 16% in one month duration.

The study of Shaw-Stuart and Stuart (124) showed that the developed
educational patient compliance program, “A Taste for Life”, improved serum
phosphorus level in HD patients over time. The program consisted of educational
materials, a flip chart focused on bone disease, interactive educational modules,
educational booklets, motivational posters, creative games and puzzle, videos, and an
in-center achievement contest. Serum phosphorus in intervention group was
significantly decrease during the treatment period and during the post-treatment period
compared to the pretreatment baseline (p < 0.05). The researcher suggested that an
educational compliance program is equally effective as counseling in affecting serum
phosphate levels among HD patients.

Sankalee M. (30) evaluated whether education program for improving
diets can affect self-care knowledge, perception of self-care abilities, and clinical
variables among HD patients (22 subjects for each intervention and control group).
The following materials were used to educate patients;

1) Flip chart was applied to display either ~ 40 sample food pictures,
which is correspond to their actual size, or their brief descriptions. This flip chart is
attractive to learners and easy to move from one topic to another, so it helped patients
better understand the topics intended to educate.

2) The food manuals (15 x 20 cm) are the tools to instruct participants on
controlling amounts of foods and beverages; making healthy food choices via food

composition tables for minerals related to HD diet; and recording serum potassium,
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serum phosphate, levels of blood pressure, and weight changes during study in the
given tables.

3) Dietary records were provided to all patients to inform their items and
amount of foods and beverages that they consumed.

Summarily, such dietary education program was able to improve self-care
knowledge, perception of self-care abilities, and some clinical variables (i.e.,
interdialytic weight gain, serum phosphate, and blood pressure) in HD patients.

Tanner JL et al. (125) used monthly monitoring records to improve serum
phosphorus and other parameters in HD patients. Phosphorus values were informed
and plotted with stickers on the records every month for all participants over a period
of six months. Those stickers were employed as follows: “smiley face stickers” for
desirable phosphorus values (< 5.9 mg/dL) and “frown face stickers” for undesirable
phosphorus values (> 5.9 mg/dL). Additionally, all patients wrote their goals for
enhancing desirable phosphorus values on the contracts. At the end of the study, the
researchers found that subjects, who used these monitoring tools, were capable to
improve their phosphorus levels in the first three months.

Tipwareerom W. (126) concluded that practice manual for patients

undergoing HD can promote self-care abilities of subjects.
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CHAPTER IV
MATERIALS AND METHODS

This study was designed to develop a nutrition educational tool for HD
patients on the basic level of phosphorus counting technique. The effectiveness of the
developed educational tool was evaluated by assessing the subject’s knowledge,
understanding of phosphorus counting concept, acceptance and overall satisfaction of
the developed tool.

This study was divided into 2 phases as follows:
Phase 1: Development of the nutrition educational tool
Phase 2: Evaluation the effectiveness of the developed educational tool

4.1 Phase 1: Development of the nutrition educational tool

The purpose of this phase was to develop the nutrition educational tool
providing general knowledge of phosphorus which is easy to learn and understand by
oneself. The validation of educational tool content was proved by a committee of

experts. This phase consists of three steps as follows;

4.1.1 Developing the educational tool
4.1.1.1 Review and modification from various references.
The educational tool model was adapted and modified from 4
previous nutrition educational tools as follows;
4.1.1.1.1 The book of phosphorus food guide for
Malaysian HD patients developed by Karupaiah T. et al. (44) which consisted of 7
categories food pictures. Each item of food pictures was indicated with food name,
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amount of food, and phosphorus content by using traffic-light color concept which is
simple and easy to understand.

41.1.1.2 The booklet for sodium content
guidelines in Thai foods which composed of 10 categories food pictures. Food pictures
with sodium content in each category presented in the book obtained from the survey
of food commonly consumed in Thai people. Sodium content was specified in dot
form based on traffic-light color concept (118).

4.1.1.1.3 The brochure from the Phosphate
Education Program (PEP) that was designed to educate young HD patients enable to
estimate the meal phosphorus content based on PU, therefore patients can self-adjust
the dose of PB according to the content of phosphorus they consumed. 1 PU was
represented for 100 mg of phosphorus. Phosphorus value was assigned to food groups
not food components (43).

4.1.1.1.4 The Phosphorus Point System Tool
(PPS) developed at St. Michael’s Hospital (42). This tool was used to improve
patient’s serum phosphorus level by improving dietary compliance. This tool was
based on the phosphorus counting concept by allocating points for the amount of
phosphorus in foods which 25 mg of phosphorus content in food is equivalent to 1
phosphorus point. Over 1,347 of food items from the Canadian Nutrient File were
listed in alphabetical order into food groups. Food’s name, serving size and
phosphorus contents in terms of unit were specified in this tool.

4.1.1.2 Collecting lists of foods commonly consumed in
Thais and HD patients. The data derived from several previous studies (118, 127-130).
4.1.1.3 Collecting data of phosphorus contents of foods

commonly consumed according to the lists were gathered from;

4.1.1.3.1 Thai Food Composition Tables, Institute
of Nutrition, Mahidol University and Department of health, Ministry of Public Health
(131-134).

4.1.1.3.2 United States Department of Agriculture
(USDA) National Nutrient Database for standard reference, Release 24 (135).
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4.1.1.3.3 Researches related to nutritional values
of Thai foods and other foods including inorganic phosphorus containing additives
(107, 109, 136-142).
4.1.1.3.4 Various food labels (143).
4.1.1.3.5 INMUCAL program, Institute of
Nutrition, Mahidol University (144).
4.1.1.3.6 Food databases from other countries
(145-149).
The data of each food serving size was derived from
INMUCAL program (150) and Janejob N.’s (118) study and references mentioned
above. The food items were weighted and taken photographs according to common
serving size.
The phosphorus contents of foods from six main sources were
averaged and represented in the form of phosphorus dot or unit. By reviewing many
literatures and other research, the amount of phosphorus in food can be divided into 4

groups according to their phosphorus level contents per serving size. (Table 4.1)

Table 4.1 Phosphorus contents per serving size (mg) according to their level.

Phosphorus contents
Level of phosphorus contents o
per serving size (mg)

Low <50
Moderate 50 - 100

High 100 - 200
Very high >200

From one of the nine aspects in nutrition acts of Thailand,
Department of Health (151) recommended that Thais should consume varieties of
foods and meet the five food groups in a day by consuming 20 — 30 foods items per
day. According to the NFK/KDOQI dietary practice guidelines (17, 111), it was

recommended that patients on maintenance dialysis should have minimum protein
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intake of 1.2 g/kg/d to maintain well nutrition status and prevent protein energy
wasting (PEW) which usually occurred in HD patients (112).

Generally, usual body weight of Thais is about 60 kg. The
previous study of Sorthananusak A. et al. (152) showed that average dry body weight
of hemodialysis with adequate nutrition was about 59.7 + 8.8 kg. Therefore, means
average daily intake of protein was 72 g per day (1.2 * 60).

12 — 16 mg phosphorus per 1 g of protein should suggested to
CKD patients with dialysis along with the recommendation of KDOQI guideline (18).
Therefore, means average daily intake of phosphorus = 16 * 72 = 1,152 mg per day or
approximately 1,200 mg per day.

Recommended foods items = 30 items per day. Thus, each
food item have phosphorus content = 1,200/30 = 40 mg

In addition, the phosphorus contents in the foods were
specified by using dot or PU. Therefore, 1 PU or white dot with black-colored on edge
accounts for 40 mg of phosphorus contents in the food.

According to the psychology of colors principle (120, 121) and
traffic light concept (153), the red color represented for important, dangerous, and
stop. In addition, the red color was selected to shade on the edge of dot in order to
emphasize, inform caution and notice the foods containing inorganic phosphorus,
phosphorus-containing food additives and foods preservatives, which is highly
absorbed through intestinal tract nearly to 90% (28, 92).

From the Sullivan et al. (115) study, the results indicated that
there was a significant improvement of serum phosphorus in HD patients after
providing the dietary education focused on inorganic phosphorus containing food
additives and preservatives. Therefore, these food products should be avoiding or have
less consumption.

However, avoiding conflicts with the KDOQI guideline (17,
18, 102, 113) dietary protein intake recommendations and protein rich foods are
phosphorus rich containing foods, therefore, the red color was highlighted on the dot’s
edge of PU only the foods containing inorganic phosphorus or hidden phosphorus in

order to make an awareness not to consume too much of these food.
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4.1.1.4 Contents of the developed educational tool
The contents of this booklet were divided into 5 main parts;
4.1.1.4.1 Part 1: General knowledge of phosphorus

First part was a written description with colorful
illustrations focused on general knowledge of phosphorus and phosphorus counting
technique as follows;

- The general information about phosphorus; the
relationship  between phosphorus, calcium and PTH, consequences of
hyperphosphatemia, the benefit of keeping serum phosphorus level in target goal.

- Practical approaches for hyperphosphatemia
management.

- The relationship between dietary phosphorus
consumption and serum phosphorus level.

- Principle of phosphorus counting technique
which was used for counting phosphorus content in foods and dietary phosphorus
restriction.

- Methods of calculation and counting

phosphorus in foods.

4.1.1.4.2 Part 2: Phosphorus contents in foods

In the second part focused on phosphorus contents
per exchange and per common serving portion of food items. The amount of PU
represented for the total phosphorus contents of each food relevant to the portion. PU
consisted of 2 colors depends on the existing of inorganic phosphorus in the foods
which are red and black color as mentioned previously. The food items in this section
were categorized into 12 food groups. Each category consisted of foods which were
the top ten most commonly consumed according to previous study (118) and
phosphorus rich food items. Table 4.2 showed number of food items in each 12 food

categories.
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Table 4.2 Number of food items in each 12 food categories.

Food categories Number of food items
1. Rice and starch 20
2. Nuts, Legumes and their products 15
3. Meats 24
4. Milk and Dairy products 15
5. Vegetables 24
6. Fruits 19
7. Beverages 37
8. Snacks 44
9. Condiments 15
10. Thai single dishes 30
11. Thai side dishes 30
12. Fast food/Ready to eat food 10

4.1.1.4.3 Part 3: Table for tracking phosphorus
The table was used for subjects’ self-recording
mean dietary phosphorus intake per day and serum phosphorus level per month which

could help in phosphorus tracking and leading to better phosphorus control (Table 4.3)

Table 4.3 Table for recording of mean dietary phosphorus intake and serum

phosphorus level per month

Mean dietary phosphorus
] Serum phosphorus
Date intake per day Note
(mg/dL)

Unit mg
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4.1.1.4.4 Part 4: References

4.1.1.4.5 Part 5: Appendix

This section consisted of supplement information
crucial for HD patients such as knowledge of food exchanges, using of appropriate
PBs, phosphorus containing additives or “Hidden phosphorus” and other useful tips.
The additional data of phosphorus contents in foods according to category were

presented more in this section.

4.1.2 Appearance of the educational tool

The developed booklet size was 14.8 cm. in width, 21 cm. in length and
0.5 cm in thickness or standard A5-paper size. The four-colored one hundred and
fifteen pages of the booklet were composed of cover, preface, contents, references,
appendix and acknowledgement. The 210 gram glazed paper and 130 gram paper was
used for the cover and the contents of the booklet respectively. The booklet was bound
by glue in order to open easily and have more durability.

Appropriate font type was used in this booklet. Different sizes and colored
of the letter were used to make the booklet easier to read and persuade the reader to
follow. The important information was emphasized by using bold letter in order to
notice the reader.

The thickness colorful illustrations in all parts were used to give the
booklet more attractive and not boring. The size of one serving portion foods
photographs was clear, attractive, appropriate size and be consistent with the food
items and contents. Simple language was used to make a clear understanding, convey

a message effectively, and motivate the reader to practices in a daily basis.

4.1.3 Content validation of the educational tool

Contents validity of the draft booklet was proved by four experts in the
field of nutrition and dietetics and one expert in the field of dialysis nurse. All experts
reviewed the completed content, wording, and illustrations in order to deliver the
correct message to the reader appropriately. Letter size and fonts as well as page
layout also be improved to make the booklet much more interest and easily to read.

The developed booklet was rearranged and edited according to the comments and
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suggestions of the experts. After that, the final booklet was produced and used in the
next phase of the study.

4.2 Phase 2: Evaluation the effectiveness of the developed

educational tool

The purpose of this phase:

1) To assess the subject’s knowledge and understanding of phosphorus
counting technique by using the developed educational tool.

2) To assess the subject’s acceptance and satisfaction with the developed

educational tool

4.2.1 Research setting
The study site of this study was at Siriraj Hospital (Galyani Vadhana HD
Center and Pa-ob building)

4.2.2 Ethical consideration

The protocol was approved by the Ethical Review Committee on Human
Research of Siriraj Hospital. Siriraj Insitutional Review Board (SIRB), Faculty of
Medicine Siriraj Hospital, Mahidol University (Appendix A). Written informed
consents were obtained from all participants after informing the details and the
purposes of the study.



Yaninee Cherdrungsi

Materials and Methods / 38

4.2.3 Sample size calculation and sample selection

Sample size estimation was based on a sample size calculation for a single

proportion.

e (Zaymo(1 —19) — (Zpy/m1 (1 — 19) :

o ==
T =

T - T =

g — Ty

Number of subjects

5% Type | Error (1.96)

20% Type Il Error (-0.84)

Common standard deviation

Baseline knowledge score

Knowledge score after intervention
Expected probability of knowledge score

improvement (before and after intervention)

From previous study, Degen AJ. (42) evaluated the phosphorus-related

knowledge level by giving phosphorus education using Phosphorus Point System Tool

(PPS) which developed by St. Michael’s hospital to pre-dialysis kidney disease

patients for 12 weeks. Phosphorus counting technique was introduced to the subjects;

each subject can evaluate dietary phosphorus contents based on phosphorus point by

their own. The results revealed that the mean score of knowledge on phosphorus

counting concept before (at baseline, week 0) and after (at week 12) receiving
knowledge were 8.5 % 5.7 (44.5% accuracy) and 129+ 4.1 (64.5% accuracy)

respectively. As a result, the subject’s knowledge increases 20% after they received

the education. This study was assumed that the knowledge of phosphorus improve

20% after using the developed education tool.
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Whereas

o = 0.445 (44.5%)

m = 0.645 (64.5%)
m-Tmy = 0.2 (20% expected)
Represent

2
(1.96,/0.445(1 — 0.445) — ((—0.84),/0.645(1 — 0.645)
B 0.645 — 0.445

(0.97405) — (0.40195) |’
Ny 0.2

N = (6.746767)% = 45.51886 =~ 46

Therefore, the number of subjects was calculated to be 46.

Additional 20% of the calculated sample size was used to overcome drop

out, therefore the total number was 56 subjects [ (—46 ><120)]

100

Subject selection
HD patients who received treatment and dialysis at Siriraj hospital (Pa-ob
building and Galyani VVadhana HD Center)

Inclusion criteria

1) Age 20 years or higher.

2) Education level: elementary school or higher.

3) Willing to participate in this study and agree to sign informed consent
form.

4) Able to learn and assess the value of numerals.

5) Patients have received dialysis consecutively at Siriraj hospital more

than 3 months.
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Exclusion criteria
1) Unable to read and assess the value of numerals.
2) Patients with color blindness, psychological problems or dementia.

3) Unwilling to participate in this study.

Discontinuation of the study

The subjects would be terminated from the study by the following reasons:

1) Subjects had developed any complications or severe injury which
unrelated to the study.

2) According to doctor’s opinion that it was necessary to stop and leave
from the study.

3) Subjects had declined to participate further in this study.

4.2.4  Data collection instruments
Data in this study were collected by using validated questionnaires and
tools as follows;
4.2.4.1 General Characteristics information
Subjects’ demographic data were obtained by using a
questionnaire (Appendix B). The questionnaire was consisted of 3 parts as follows;
4.2.4.1.1 General Characteristics information:
gender, age, marital status, educational level, occupation and average income per
month.
4.2.4.1.2 Health information: underlying disease,
weight and height, disease history, medications taken, HD duration, and the frequency
of HD per week.
4.2.4.1.3 Dietary information: general knowledge
about nutrition and foods high in phosphorus, food frequency, and food consumption

patterns.
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4.2.4.2 Anthropometric assessment

4.2.4.2.1 Weight

Subject’s dry weight was measured by using a
mechanical balance. The body weight was recorded to the nearest 0.1 kg. Subjects
were asked to stand on the balance with light clothing, without shoes and empty
ornamentation.

4.2.4.2.2 Height

Height was measured to the nearest 0.1 cm with a

stadiometer. The subject’s height was measured in standing position without shoes.

4.2.4.3 Clinical assessment (Biochemical measurements)

Biochemical data of the participants were obtained from the
usual blood test examination at Siriraj hospital. The data was collected from the
hospital information system (HIS) and medical record files which received permission
from the ethical review committee on Human Research of Siriraj Hospital and

participants to access the data. Serum phosphorus was analyzed in the study.

4.2.4.4 Dietary assessment

Dietary information was assessed by using 3 days food
records. The subjects were asked to record their food consumption for three days
which were 2 weekdays (dialysis and un-dialysis day) and 1 weekend day (Saturday or
Sunday). The details included meal times, menu, food ingredients, food quantity in
household measurements such as tablespoon, teaspoon, ladles. Guidance and
instructions how to fill the form were given to each subjects by oral and form’s
covered explanation note.

This questionnaire was used to assess their normal food intake,
food habits and phosphorus consumption. The INMUCAL program was used to
analyze and calculate the subject’s energy and nutrients received per day from dietary

records.
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4.2.4.5 Knowledge and understanding of phosphorus and
phosphorus counting technique
Knowledge and understanding of phosphorus and phosphorus
counting technique was assessed by using questionnaires and homework exercises as
follows;
4.2.45.1 Pre-test and post-test questionnaires
The pre-test and post-test questionnaires were used
to assess the subjects’ knowledge and understanding of phosphorus, general
information of hyperphosphatemia and their consequences, food items high in
phosphorus and recommendation of phosphorus intake per day. The questionnaire was
consisted of 2 parts; 1% Part was a 15 multiple choices questions with four answers for
each questions. 2" Part was a true and false question. This part was composed of 5
questions. The total score of both parts were evaluated by giving scores as follows;

The scoring method was

Right answer score 1 point
Wrong answer  score 0 point
Total score 20 points

The score were classified into 3 levels as follows;

Scoring < 10 points or < 50% identified as Low knowledge level
Scoring 11 - 15 points or 50 - 75% identified as Moderate knowledge level
Scoring 16 - 20 points or >75% identified as High knowledge level

4.2.45.2 Exercise for phosphorus counting
practice

The phosphorus counting practice was an assigned
homework which consisted of 2 home exercises as follows;

4.2.45.2.1 Exercise Al

This exercise was composed of 20 food items from
various food groups and various quantities. The subjects were asked to evaluate the
phosphorus contents of given foods based on PU (dots) by using the developed
booklet and phosphorus counting technique. Dot with red edge color for inorganic

phosphorus-containing food were also considered. For each correct answer with both
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amounts and colors was given 0.5 point with total score of 10 points. This activity was
used to assess the accuracy in estimating the amount of phosphorus in each food item.
The total scores were converted in terms of percentage and were classified into 3

levels as follows:

Scoring <5 points  or < 50% identified as Low knowledge level
Scoring 5— 7.5 points or 50 - 75% identified as Moderate knowledge level
Scoring 8 - 10 points or > 75% identified as High knowledge level

4.2.45.2.2 Exercise A2

This exercise was composed of 5 food items by
using food models and real foods. The subjects were asked to estimate the phosphorus
content of each food by using the phosphorus counting technique and developed
educational tool. The scoring process was similar to exercise Al. For each correct
answer was given 2 point with the total score of 10 points. The total scores were
converted in terms of percentage and were classified into 3 levels as follows:

Scoring <5 points  or <50% identified as Low knowledge level
Scoring 5 — 7 points or 50 - 75% identified as Moderate knowledge level
Scoring 8 - 10 points or > 75% identified as High knowledge level

4.2.4.5.3 3-days food record (exercise B)

This questionnaire was a three days food records (2
weekdays; dialysis and un-dialysis day and 1 weekend day; Saturday or Sunday). The
subjects were asked to record their food intake and count the amount of phosphorus
consumed in dots including the numbers of inorganic phosphorus-containing food
items twice a month for one month (every 2 weeks). The details included meal times,
menu, food ingredients, food quantity in household measurements, and amount of
phosphorus in each food items in dots. The instructions were also given to each
subject as mentioned earlier as well as nutrients analysis by using INMUCAL program
(144). This exercise was used to assess subject’s phosphorus consumption, to practice
in phosphorus counting and to assess the accuracy in phosphorus counting by using

the developed booklet and phosphorus counting technique (PU).
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The scoring method was evaluated from accuracy
in determining phosphorus amounts in dots based on phosphorus counting concept
according to the food items correctly. Initially total score was 10 points and were
subtracted 1 point for every each incorrect counting of the food items they consumed
either dot with black or red edge color (red edge; inorganic phosphorus-containing
food items).

The scores were given as follows:

Incorrect counting 0 black/red dot get — 0 get 10 points
Incorrect counting 1 black/red dot get — 1 get points
Incorrect counting 2 black/red dots get — 2 get points
Incorrect counting 3 black/red dots get — 3 get points
Incorrect counting 4 black/red dots get — 4 get points
Incorrect counting 5 black/red dots get — 5 get points

9
8
7
6
5
Incorrect counting 6 black/red dots get—6get 4 points
3
2
1
0

Incorrect counting 7 black/red dots get — 7 get points
Incorrect counting 8 black/red dots get — 8 get points
Incorrect counting 9 black/red dots get — 9 get point
Incorrect counting > 10 black/red dots get — 10 get point
The total scores were classified into 3 levels as follows (154);
Scoring <5 points  or <50% identified as Low knowledge level
Scoring 5 — 7 points or 50 - 75% identified as Moderate knowledge level
Scoring 8 - 10 points or > 75% identified as  High knowledge level

42454 Knowledge and understanding of
phosphorus counting technique (exercise C)

This questionnaire was used to assess the accuracy
in subject’s perception and conceptualization in phosphorus counting technique after
using the developed booklet. The questionnaire consists of 10 multiple choices

questions.
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The scoring method was:

Right answer score 1 point
Wrong answer score 0 point
Total score 10 points

The score were classified into 3 levels as follows;

Scoring < 5 points or < 50% identified as Low knowledge level
Scoring 5 - 7 points or 50 - 75% identified as Moderate knowledge level
Scoring 8 - 10 points or > 75% identified as High knowledge level

4.2.4.6 Satisfaction with the developed nutrition
educational tool

Subject’s satisfaction with the developed booklet was
evaluated by using a validated questionnaire (Appendix G). The satisfaction levels
were considered from the four main aspects as follows;

4.2.4.6.1 Contents of the booklet:

Based on the contents of the booklet whether it
meet the objectives, language or wording is easy to understand and follow, sequence
and length is appropriate.

4.2.4.6.2 Format of the booklet:

Based on the appropriation size of the booklet,
letter, fonts, colors, paper used in this book including booklet’s printing, thickness and
durability.

4.2.4.6.3 Illustrations of the booklet:

Based on the images whether they were
appropriate size and color, good quality, attractive and were consistent with the
contents and food items. The arrangement of pages and images (page layout) were
considered as well.

4.2.4.6.4 Application of the booklet:

Based on the correspondence to the application of
the booklet whether it can applied to use for the management of phosphorus in a daily

basis.
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The questionnaire was designed with a five points Likert scale

format. The evaluation was based on a scoring method with five levels of

measurement for each question in the questionnaire. In order to improve the developed

booklet, the open-ended questions were included to collect the subject’s suggestions

and comments. Five-points Likert scale and levels of measurement were;

Extremely satisfied/ extremely liked
Satisfied/liked

Fair

Dissatisfied/ disliked

Extremely dissatisfied/ extremely disliked

5 scores
4 scores
3 scores
2 scores

1 score

The mean score was calculated according to the satisfaction of

the all 56 subjects recruited in the study. The levels of satisfaction were interpreted

according to the range of mean score by the following criteria.

Score range between 4.51 — 5.00
Score range between 3.51 — 4.50
Score range between 2.51 — 3.50
Score range between 1.51 — 2.50
Score range between 0.00 — 1.50

means

means

means

means

means

4.2.5 Validity of research instruments

Very good
Good
Average
Poor
Very poor

All research instruments were validated by five experts (Appendix B).

They were revised and edited according to expert’s recommendations, completed with

appropriate contents and language used for final approval before initiating the research

study.
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4.2.6 Study design
Assessment procedure
To investigate and evaluate the effectiveness of the developed educational
tool in HD patients.
4.2.6.1 Eligible subjects who met inclusion criteria were
informed the study objectives and protocol.
4.2.6.2 Fifty six patients agreed to participate and signed in
informed consent were recruited in the study.
4.2.6.2 All subjects would be instructed and advised by the
researcher about phosphate counting technique by using the developed education tool
individually. The study was conducts during or before the dialysis session owing to the
requirement of each subject which was asked for permission before initiating the
study.
This study was designed as a non-randomized prospective study with pre
and post test intervention in one group of subjects. The study period consisted of 11
weeks which was divided into three phases (week 0 — week1; preparation phase, week
3 — week 7; intervention phase, week 9 — week 11; follow up phase). The details of

each week are described as follows;

At week 0 (Baseline);

The nutrition status of subjects was collected from anthropometric
measurement (weight and height), dietary assessment, and biochemical laboratory
data.

At week 1;

1) Subjects were received basic nutrition knowledge which is necessary
to the study. Food models were demonstrated to educate about food groups and food
portions based on household measurements unit such as measuring cups, tablespoon,
teaspoon, ladles which would aid them to record the amounts of foods consumed
easily, accurately and precisely.

Subjects practiced in food measuring to familiarize the portion sizes of

different food items in each food group.
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2) Subjects were asked to record usual dietary intake for three day in the
3-day food record form. The instruction and guidance how to fill the form were clearly
described to each subject by oral and more explanation written on the first page

covered form.

At week 3;

1) Assigned homework (3 day food record) was collected by the
researcher.

2) Pre-test questionnaire was used to assess the subject’s baseline
knowledge about phosphorus.

3) Subjects were provided with the developed educational tool; booklet
for phosphorus content in foods.

4) Main content of the booklet, method of usage and usefulness of the
booklets were introduced. Subjects were asked to read and understand about all
phosphorus knowledge written in the booklet by self-learning including phosphorus
counting technique which was described in self-help guidelines. Subjects practiced in
food measuring accompanied with phosphorus counting to familiarize the portion sizes
and PU by using food models.

5) Assigned homework for this week was exercise Al. Subjects were
asked to fill in the blank type questionnaire by using the booklet provided to them.

Assigned exercise was clearly described by the researcher.

At week 5;

1) Assigned homework was collected by the researcher.

2) The subjects were asked to do exercise A2 during the dialysis
treatment by using the food examples and food models.

3) Subjects were asked to record usual dietary intake for three day in the
3-day food record form with phosphorus counting by using phosphorus counting
technique (exercise B). The 3-day food record was used for practicing in counting

phosphorus and clearly described by the researcher.
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At week 7;

1) The subject’s assigned homework (3-day food record) was collected
by the researcher.

2) The subject’s assigned homework for this week was to keep a 3-day

food records with phosphorus counting.

At week 9;

1) The subject’s assigned homework (3-day food record) was collected
by the researcher.

2) The subject’s general phosphorus knowledge and understand of
knowledge were assessed by using post-test questionnaire. The accuracy in subject’s
perception and conceptualization in phosphorus counting was assessed by using

phosphorus counting technigque questionnaire.

At week 11;

1) Week 9 questionnaires were collected by the researcher.

2) The satisfaction questionnaires were given to the subjects to assess the
subject’s satisfaction with the developed educational tool.

3) Subject’s biochemical laboratory data were collected by the researcher
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4.2.7 Data analysis
Statistical analysis was performed by using the Statistical Package for the
Social Sciences for window Version 19.0 and differences of P < 0.05 were considered
to be significant.
4.2.7.1 The personal information was analyzed by using
descriptive statistical methods such as percentages, mean and standard deviation.
4.2.7.2 Paired t-test was used to compare the score of
subject’s general phosphorus knowledge between pre-test and post-test.
4.2.7.3 Chi-square test was used to examine the correlation
between knowledge scores of subjects after used the developed education tool and sex,
age, education level, incomes, and HD duration of subjects.
4.2.7.4 The subject’s understanding in phosphorus counting
technique which evaluated by assigned-home work exercises was determined as
percentages, mean, median, minimum-maximum, and standard deviation.
4.2.7.5 The subject’s satisfaction and acceptation of the
developed educational tool were determined as percentages, mean, median, minimum-

maximum, and standard deviation.
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CHAPTER V
RESULTS

This chapter presented the results of the study, aimed to develop the
nutrition educational tool based on phosphorus counting technique for HD patients and
to investigate the subject’s accuracy in perception and conceptualization of
phosphorus counting technique and finally the subject’s satisfaction and acceptability
of the developed nutrition educational tool.

The results of the study are presented in 2 phases according to the

sequence of the study as follows;

5.1 Phase 1: Development of the nutrition educational tool

The developed educational tool model was a booklet for phosphorus
content guideline in Thai foods based on phosphorus counting technique. It was a self-
help guideline booklet for HD patients including important knowledge associated with
the disease focused on the phosphorus contents of the foods. Therefore, it was
developed to be a practical booklet that easy to learn and follow by oneself. According
to the results of previous consumer surveys and studies (30, 93, 98, 109, 118, 127-130,
141), the top ten most commonly consumed and phosphorus rich food items were
included in 12 food categories. The list of food items with portion size in 12 food

categories were demonstrated in Table 5.1 —5.12
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Table 5.1 List of food items presented in starch category.
Food items Portion size Weight
1. Vermicelli (blanched) 5 Thsps* 100 g
2. White sticky rice 0.5 LD** 35¢
3. Rice polished steamed 1LD 60 g
4. Rice noodles (fine/small size) (blanched) 10 Thsps 100 g
5. Rice noodles fermented (kanom-jeen) 1 large piece 90¢g
6. Rice noodles big size (blanched) 9 Thsps 90g
7. Rice boiled (water 42%) 2 LD (3/4 cup) 130 g
8. Rice whole grain milled by home-pounded
(steamed) e %09
9. White bread 1 slice 30¢
10. Sweet corn (boiled) 0.5 pc*** 65 g
11. Taro/sweet potatoes/potatoes (boiled) 6 Thsps 659
12. Macaroni/ spaghetti (cooked) 8 Thsps 75¢
13. Oat (raw) 2 Thsps 24 ¢
14. Rice glutinous black (steamed) 0.5LD 35¢
15. Egg noodles (boiled) 1pc 75¢
16. Whole wheat bread (1 slice) 1 slice 30¢g
17. Rice whole grain milled by machine
(steamed) Lo %09
18. Corn waxy (boiled) 0.5 pc 65 ¢
19. Macaroni/ spaghetti wholewheat (cooked) 8 Thsps 759
20. Instant noodles 1 package 60 g

*Thsp = tablespoon, **LD = ladle, ***pc = piece
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Table 5.2 List of food items presented in grains category.

Food items Portion size Weight

1. Corn flakes (Breakfast cereal) 1 small box 25¢
2. Job’s tear whole seed (boiled) Y cup 659
3. Curd tofu spongy cube shape (fried) 5 pcs 20 g
4. Sesame (black/white) 1 Thsp 109
5. Kaset protein (cooked) 2LD 100 g
6. Soybean curd white soft packed in pouch Yapc 180 g
7. Cereal bar 1pc 179
8. Nuts (roasted) 30g 30¢
9. Muesli (cereal mixed with dried fruits) 0.25 cup 219
10. Wheat germ (roasted) 1 Thsp 50

11. Soybean curd (white/yellow) hard 0.5 pc 779
12. Beans (black/red/white) (boiled) Y2 cup 7749
13. Seeds (roasted) 3049 309
14. Soybean curd sheet (boiled) 2LD 100 g
15. Soy flour 2 Thsps 14 g
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Food items Portion size Weight
1. White egg (boiled) 1 egg 364
2. Clam/ mussel (cooked) 10 pcs 30¢
3. Pork/chicken/meat (cooked) 1 Thsp (4-5 pcs) 15¢
4. Processed meats 1 Thsp 159
5. Sausages (pork/chicken/beef) 1pc 30¢
6. Bacon (fried) 1pc 15¢
7. Pork Sa-tea / grill pork with seasoning 1pc 15¢
8. Giblets (boiled) 1 Thsp 15¢
9. Squid (cooked) 1 Thsp 15¢
10. Shrimp, medium (cooked) 1 Thsp (2-3 pcs) 159
11. Fish (cooked) 1 Thsp 159
12. Meat balls 4-5 pcs (2 Thsps) 409
13. Minced pork ball 4-5 pcs (2 Thsps) 30¢
14. Egg yolk 1egg 14 g
15. Ham/bologna (chicken/ pork) 1 slice 30¢g
16. Canned fish 1 pc (fish) 30¢
17. Soybean curd with egg soft packed in
souch 1 package 120 g
18. Fried fish (Pla-shing-shang) 1 Thsp 15¢
19. Short bodied mackerel (fried)/
1 whole (small) 30¢
pla too thod
20. Egg (whole) 1leqg 50¢g
21. Snake skin gourami (fried) 1 whole fish 30¢
22. Shrimp salted (blanched) 1 Thsp 159
23. Typical Chinese pork ball with tofu
4 pcs 804¢g
(steamed)
24. Fried chicken (drumstick, breast, thigh) 1pc 80¢
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Table 5.4 List of food items presented in milk and dairy products category.

Food items Portion size Weight
1. Drinking yogurt 1 bottle 80 ml
2. Condensed milk, sweetened
(nom khon wan) 1 Tbsp g
3. Sweetened milk tablet 10 - 12 pcs 25¢
4. Milk powdered 1 Thsp 790
5. Milk ice cream 1 scoop 659
6. Pudding custard 1 serving 140 g
7. Ice cream cone with chocolate 1 cone 559
8. Soft ice cream in cone 1 cone 90¢g
9. Processed cheese 1 slice 16 ¢
10. Coconut ice cream 1 scoop 659
11. Milk curd with fruit salad mixed 1cup 180 ¢
12. Yogurt 1cup 150 ml
13. Milk 1 glass 240 ml
14. Condensed milk, unsweetened
(nom khon chued) vz cup 120ml
15. Goat milk 1 glass 240 ml
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Table 5.5 List of food items presented in vegetables category.
Food items Portion size Weight
1. Cucumber (raw) 2 LDs 100 g
2. Tomato 2 whole 50¢
3. Pumpkin (cooked) 1LD 60 g
4. Cabbage (cooked) 1LD 60 g
5. Chinese cabbage (cooked) 1LD 60 g
6. Egg plant (cooked) 4 whole 509
7. Baby corn (cooked) 1LD 609
8. Yard long bean green (cooked) 1LD 60 g
9. Kale (cooked) 1LD 60 g
10. Chinese cabbage, white (cooked) 1LD 60 g
11. Cauliflower (cooked) 1LD 60 g
12. Mushroom straw (cooked) 1LD 60 g
13. Garden peas pods (cooked) 1LD 60 g
14. Carrot (cooked) 1LD 60 g
15. Asparagus (cooked) 1LD 60 g
16. Broccoli (cooked) 1LD 609
17. Mungbean sprout (blanched) 1LD 60 g
18. Garden peas pods (frozen) 1LD 60 g
19. Spinach (cooked) 1LD 60 g
20. Mushroom shitake (cooked) 1LD 60 g
21. Chayote tops (cooked) 1LD 60 g
22. Eggplant/ma-kheu-phung (cooked) 1LD 60 g
23. Acacia pennata/cha-om (blanched) 1LD 60 g
24. Daylily flower (cooked) 1LD 60 g
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Table 5.6 List of food items presented in fruits category.

Food items Portion size Weight
1. Apple 1 whole 100 g
2. Pineapple 10 small pcs 125¢g
3. Mango (ripe), medium 0.5 pc 80g
4. Rambutan 5 pcs 85¢
5. Grape 10 pcs 259
6. Prune (dried) 3 pcs 259
7. Banana nam-wa variety (ripe) 1 whole 53¢
8. Guava, medium 0.5 pc 120 g
9. Papaya (ripe) 10 small pcs 1159
10. Raisins 2 Thsps 20 ¢
11. Strawberry 6 pcs 90¢g
12. Jackfruit 4 pcs 120 g
13. Persimmon (dried) , medium 1 whole 509
14. Orange, medium 1 whole 150 g
15. Dragon fruit, medium 0.5 pc 120 g
16. Rose apple, large 2 whole 250 ¢
17. Lychee 6 pcs 150 g
18. Watermelon 10 small pcs 250 g
19. Tamarind sweet, medium pod 5 pods 60 g
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Table 5.7 List of food items presented in beverages category.
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Food items Portion size Weight

1. Tea 1 glass 240 ml
2. Mixed vegetable and fruit juice 1 glass 240 mi
3. Olieng (Thai-style black coffee) 1 glass 240 ml
4. Coffee powdered (instant) 1 tsp* 2590
5. Non - dairy creamer (coffee mate) 1tsp 30
6. Aloe vera juice 1 glass 240 ml
7. Chocolate powdered 1 Thsp 79
8. Coffee 3in 1 1 package 18¢
9. Coconut juice 1 glass 240 ml
10. Beer 1 can 330 mi
11. Tomato juice 100% 1 glass 240 mi
12. Fresh orange juice 100% 1 glass 240 mi
13. Cocoa powdered 1 Thsp 79
14. Carbonated drink (colored) 1 can 325 mi
15. Soy milk 1 glass 240 ml
16. Carrot juice 100% 1 glass 240 ml
17. Germinated rice drink 1 glass 240 ml
18. Refreshment drink (sport drink) 1 can 325 ml
19. Oat milk with black sesame 1 box 180 ml
20. Lemon ice tea (cha manaw, bottle) 1 bottle 450 ml
21. Milk tea with bubble 1 glass 500 mi
22. Soy milk (milk powdered added) 1 glass 240 ml
23. Green tea (ready to drink) 1 bottle 500 ml
24. Tea time 3 in 1, instant powder 1 sachet 35¢
25. Cereal soy based supplementary food

3in 1, instant powder 1 sachet 09
26. Chocolate flavored drink 3in 1,

instant powdered 1 sachet 9
27. Cane juice 100% 1 glass 240 ml
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Table 5.7 List of food items presented in beverages category (cont.).

Food items Portion size Weight
28. Iced coffee (ready to drink) 1 can 180 ml
29. Thai-style iced milk tea (cha yen) 1 glass (20 baht) 660 ml
30. Soy milk with sesame 1 box 230 ml
31. Iced coffee 1 glass (20 baht) 660 ml

32. Fruit juice from concentrated
(ready to drink, bottled)

1 bottle 350 ml

33. Iced cocoa 1 glass (20 baht) 660 ml

34. Chocolate/coffee blended topped with
] 1 glass 480 ml (16 0z)
whip cream and syrup

*tsp = teaspoon

Table 5.8 List of food items presented in snacks category.

Food items Portion size Weight

1. Thai dessert (used protein extracted flour) 1 serving 210 g
2. Ka nom krok 1 pair 30¢
3. Patong ko 1pc 159
4. Por pia thod (spring roll deep fried) 1pc 309
5. Butter cake 1pc 359
6. Donut (sugared or glazed) 1pc 459
7. Sweet pie (pie filled with jam or fruits) 1pc 100 g
8. Thai dessert (contain flour or banana )

in coconut milk) 1 seving 2109
9. Kanom tung taek

(large soft rice pancake topped with 1pc 63 ¢

shredded coconut sugar and sesame seeds)
10. Eclair (créme filled) 4 small pcs 48 g
11. Foi-thong (gold threads egg yolk strained

1pc 209

in heavy syrup)

12. Biscuit/cookie cream filled 1pc 24 ¢
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Table 5.8 List of food items presented in snacks category (cont.).
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Food items Portion size Weight
13.Tou-huay nam khing ]

(soybean curd soft in hot ginger drink) 1 serving 2209
14. Curry puff (assorted flavors) 1pc 45 ¢
15. Potato chips 1 serving 30¢
16. Luk-chups (mock fruits) 6 pcs 60 g
17. Banana cake 1pc 60 g
18. Cracker 4 pcs 20 ¢
19. Creme roll (8 x 2 cm) 1pc 409
20. Cookie 2 pcs 249
21. Thong yi

(Egg E3/(illlfsheeted in heavy syrup cupped) 2 pes 249
22. Kanom pia (assorted flavors) 1pc 409
23. Salapao (filled with meat) 1pc 80¢g
24. Popcorn (salty or sweet) 1 bowl 30¢
25. Coated or filled donut 1pc 859
26. Taro/sweet potato/banana

battered deep fried PC 09
27. Sticky rice with custard 1pc 110 g
28. Bread filled with assorted flavors 1pc 80¢
29. Kanom moh kaeng (egg custard baked) 1 pc (2 x 2 inch) 60 g
30. Salapao (bean paste/cream/custard filling) 1pc 80¢
31. Met khanun

(mock jackfruit seed) > pes 109
32. Thai dessert (contain sweet

potato/taro/water chesnut in 1 serving 210 g

coconut milk)
33. Pie sai-chem (pie filled with meat) 1pc 100 g
34. Shrimp cracker from wheat flour 1 serving 3049
35. Dumpling steamed (ka-nom-jeep) 4 pcs 80¢
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Table 5.8 List of food items presented in snacks category (cont.).

Food items Portion size Weight

36. Kanom Tua pap

(dehulled mungbean and flour) 3 pes 1009
37. Pie filled with custard / cream 1pc 100 g
38. Assorted cake 1pc 100 g
39. Fruit cake 1pc 309
40. Roti with egg topped with sweet

condensed milk and sugar Lpe »0
41. Moon’s cake lotus seed and egg filled 0.5 pc 90g
42. Cheese cake 1pc 100 g
43. Thai dessert (contain bean/black sticky ]

rice/rice glutinous flakes in coconut milk) 1 serving 2109

Table 5.9 List of food items presented in condiments category.
Food items Portion size Weight

1. Salad dressing (no egg yolk) 2 Thsps 30¢
2. Mayonnaise 2 Thsps 30¢g
3. Cream salad dressing 2 Thsps 30¢
4. Seasoning powdered 1pc 10¢
5. Coconut milk 1 Thsp 12 g
6. Nam pla ra (fermented fish liquid part) 1 Thsp 159
7. Tomato sauce (ketchup) 1 Thsp 309
8. Suki — yaki sauce 4 Thsps 60 g
9. Soybean paste 1 Thsp 159
10. Red spicy curry paste 1 Thsp 15¢
11. Mix spice powdered 1 Thsp 69
12. Shrimp paste 1tsp 59
13. Peanut butter 1 Thsp 15¢
14. Sa-tea sauce 4 Thsps 60 g
15. Mustard 1 Thsp 15¢
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Table 5.10 List of food items presented in single dishes category.
Food items Portion size Weight
1. Instant noodles (boiled) 1 bowl 324 ¢
2. Kuayjab
o ) 1 bowl 486 ¢
(wide rice noodles with pork and organ)
3. Yen-ta-fo / Kuaytiew nam
(wide rice noodles soup with fish ball and 1 bowl 494 g
swamp cabbage)
4. Ba-mee haeng moo dang
i 1 bowl 1959
(Egg noodles with roasted pork
5. Rad na moo
(wide rice noodles with pork topped with 1 dish 354 g
chinese kale and gravy sauce
6. Khao kai jeaw _
1 ) 1 dish 245 g
(rice with omlette; 1 egg)
7. Khao yum
(Southern style rice salad: rice with 1 dish 220 g
assorted vegetables)
8. Kanom jeen namya _
] . B | 1 dish 425 ¢
(small rice noodles with curried fish sauce)
9. Khao ka moo _
) o 1 dish 3729
(Rice with pig leg and gravy)
10. Khao na ped
(rice with roasted duck, cucumber, 1 dish 318¢
pickled ginger, and gravy)
11. Khao moo krob
(rice with fried pork belly, cucumber, 1 dish 3189
coriander, and red sauce)
12. Khao rad na kai pad bai kaprao
(rice with fried chicken and holy basil 1 dish 2659

leaves)
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Table 5.10 List of food items presented in single dishes category (cont).

Food items Portion size Weight
13. Khao mun kai
(rice cooked in chicken broth topped with 1 dish 300¢g
steamed chicken)
14. Khao pad moo )
o ] 1 dish 3209
(fried rice with pork and egg)
15. Khao mok kai
(rice cooked with chicken and curry 1 dish 3169
powder)
16. Khao moo dang _
_ _ ) 1 dish 320¢g
(rice with grilled pork and red sauce)
17. Kuaytiew khak/ Khao soi
1 _ 1 bowl 365 g
(noodles in curry soup with meats)
18. Khao kai palo
(rice with boiled egg, pork belly, and 1 dish 362 g
fried tofu)
19. Kra por pla
] 1 bowl 38149
(fish maw soup)
20. Khao tom moo
) ) ) 1 bowl 335¢g
(rice porridge with pork)
21. Khao kluk kapi _
) ) ) ) 1 dish 250 g
(rice mixed with shrimp paste)
22. Suki-yaki 1 bowl 550 g
23. Kuaytiew hang
(rice noodles with meat and 1 bowl 3259
assorted meat ball)
24. Pad macaroni _
) ) _ 1 dish 325¢
(fried macaroni, Thai style)
25. Kuaytiew nam kai toon
) ) 1 bowl 3709
(rice noodles soup and steamed chicken)
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Table 5.10 List of food items presented in single dishes category (cont).
Food items Portion size Weight
26. Pad see eiew _
) o _ 1 dish 3259
(fried wide rice noodles in sweet sauce)
27. Pad thai :
e . . . 1 dish 300 g
(Thai fried rice noodles in tamarind sauce)
28. Khao rad na kaeng khiew wan kai
(rice topped with chicken boiled in green 1 dish 310¢g
curry coconut milk)
29. Hoi thod (fried sea mussel with egg) 1 dish 195¢g
30. Khao na kai tod
(rice cooked in chicken broth topped with 1 dish 283 ¢
fried chicken)
Table 5.11 List of food items presented in side dishes category.
Food items Portion size Weight
1. Lon tao jiew
(fermented soybean paste and 1 Thsp 179
coconut milk spicy)
2. Nam prik kapi
o ] — 1 Thsp 17 ¢
(dip with shrimp paste and chilli)
3. Nam prik Ta dang/ Nam prik makham moo
sub (stir fried) 1 Thsp 20 ¢
(chili paste/chili paste with tamarind)
4. Pad pak
o 1LD 45 ¢
(Stir fried vegetable)
5. Tom jeud tao hu moo sub
) ) 1 bowl 160 g
(egg soft tofu soup with minced pork)
6. Tom jeud tum leung
(clear soup with ivy gourd and 1 bowl 160 g

minced pork ball)
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Table 5.11 List of food items presented in side dishes category (cont)

Food items Portion size Weight
7. Karng lieng
] 1 bowl 160 g
(fish-flavored vegetable soup)
8. Som tum Thai )
1 dish 160 g
(papaya salad)
9. Kaeng som
1 bowl 160 g
(sour-peppery soup)
10. Pad pak with meat
F | ] 1LD 45 ¢
(stir fried vegetable with meat)
11. Tao hu song kreung _
o _ 1 dish 100 g
(stir fried soft tofu in oyster sauce)
12. Tom Kklong pla
(fish soup with Thai herbs and tamarind 1 bowl 160 g
paste)
13. Kaeng khiew wan moo
™8 ] 1 bowl 100 g
(pork boiled in green curry coconut milk)
14. Yum tua poo _
_ 1 dish 100 g
(wing bean pods salad)
15. Kaeng pa kai
) __ 1 bowl 160 g
(chicken and eggplant in spicy soup)
16. Tom kha kai
(chicken boiled with galangal in 1 bowl 160 g
coconut milk)
17. Tom yum kung
) ) ) 1 bowl 160 g
(sour and spicy soup with shrimp)
18. Yum moo yor )
) 1 dish 100 g
(preserved minced pork salad)
19. Sai krok e-sarn
) 4 pcs 100 g
(pork sausage fried Northeastern style)
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Table 5.11 List of food items presented in side dishes category (cont)

Food items Portion size Weight

20. Hau mok pla chon bai yor
(stemed snakehead fish with curry chilli 1 serving 1709
paste)

21. Larb moo )
) 1 dish 1349
(minced pork salad)

22. Pad sa tua i
Y ] ) 1 dish 123 ¢

(stir fried parkia speciosa hassk)
23. Pad ped pla duke

(stir fried cat fish with red curry paste)

8 pcs 150 g

24. Tod mun pla (curried fish cake) 5 pcs
1 set 170 g
(120 g) + tod-mun sauce 50 g

25. Pad prik kaeng tao fuk yao moo krob
(stir fried string bean with chilli paste with 1 dish 123 g
fried pork belly)

26. Massaman
) 1 bowl 160 g
(curry cooked with sweat peanut sauce)

27. Pad kuchai tab moo
(stir fried chive Chinese flowers with 1 dish 120 g

pork liver in oyster sauce )

28. Choo-chee pla too )
) 1 dish 160 g
(curry choo-chee Thai mackerel)

29. Kaeng ka-ri kai

) 1 bowl 3359
(chicken curry yellow)

30. Pork sa-tea

(set; pork 10 pcs + sa-tea sauce 50 g +
o ) 1 set 505¢g
cucumber and chilli in flavored vinegar

(ar-jaad) 50 g)
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Table 5.12 List of food items presented in fast food category.

Food items Portion size Weight
1. Instant congee (boiled; 1 package, 35 g) 1 serving 400 ¢
2. Chicken breaded and fried boneless pieces 3 pcs 100 g
3. Hamburger/ cheeseburger 1pc 108 g
4. French fried (medium size) 1 serving 120 g
5. Pizza 1 slice 112 g
6. Frozen pizza 1 slice 100 g
7. Ready to eat meal (rice type) 1 box 3009
8. Barbeque chicken (frozen food) 1 box 100 g
9. Chicken nuggets 6 pcs 100 g
10. Chicken broilers fried flour (breast) 1pc 200 g

The average phosphorus content data according to the lists were gathered
from several researches as mentioned in Chapter IV. The arrangement of food items in
each category was ordered by theirs phosphorus content from low to high. Mean
serving size of foods data were received from previous study (118) and INMUCAL
program (144). In addition, the developed booklet was composed of food items in 12
categories with phosphorus content represented as dot or unit.

From the previous studies and surveys (30, 93, 98, 109, 118, 127-130,
141), the top three most commonly consumed in starch categories were rice, white
bread and rice noodles while the least item was macaroni/ spaghetti (Table 5.1). Nuts,
seeds and tofu were in the top three in nuts and legumes category (Table 5.2). Pork,
egg, and poultry were the top three commonly consumed in meats category while the
least consumed item was squid (Table 5.3). In milk and dairy products category, the
first rank was milk, followed by yogurt, and ice cream (Table 5.4). Table 5.5 showed
that cucumber, cabbage, and kale were the top three most commonly consumed in
vegetable category. The top three in fruit category were orange, mango, and guava
(Table 5.6). The top three most commonly consumed in beverage category were
coffee, orange juice, and carbonated drink (Table 5.7). In snack category, the top three
ranks of food items were sangkaya-bread followed by sandwich and cracker (Table

5.8). Seasoning powdered or monosodium glutamate, ketchup, and shrimp paste were
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in the top three ranks of commonly consumed foods in condiments categories (Table
5.9). Table 5.10 showed that Khao rad nha kai pad kaproa was the most commonly
consumed rice dish, followed by Kuaytiew nam and Khao pad moo in single dishes
category. In side dishes category, the top three ranks of food commonly consumed
were Pad pak (stir fried vegetable), Tom jeud or clear soup Thai style, and Pad ped
(stir fried fish or meat with chili paste) (Table 5.11). Last category was fast food
which the top three ranks of food most commonly consumed were pizza, hamburger,
and fried chicken (Table 5.12). From the previous studies in Thailand (155, 156), the
results suggested that the consumption of frozen food (ready to eat meal) tend to be
increased surprisingly.

This developed educational booklet was consisted of 115 pages including
the cover, preface, contents, references, and appendices. The contents were divided in
2 parts as follows;

Part 1 focused on the general knowledge of phosphorus, the importance of
phosphorus related to the disease, the consequences if ones have poor control which
could attribute to elevated serum phosphorus or hyperphosphatemia, The
hyperphosphatemia management which composed of three approaches, focused on
dietary phosphorus restriction and the principle of phosphorus counting technique with
addition on knowledge of phosphorus in foods.

Part 2 highlighted on the phosphorus content per serving size of
commonly consumed in HD patients and Thais (118, 127-130) represented as dot or
unit based on phosphorus counting technique. This section was divided into 12
different food categories described previously. The phosphorus contents of food
groups presented in the developed booklet were calculated to obtain mean values, SD,
and ranges according to food groups per one food exchange (157, 158) or per common
portion size. Table 5.13 showed mean values, SD, and range of energy (kcal), protein

(9) and phosphorus (mg) per one food exchange or per common portion size.
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Table 5.13 showed mean value of phosphorus in different food exchange
groups; starch group; 34.78 = 22.17 (range; 4.00 — 86.4), meats group; 89.15 + 42.54
(range; 7.92 — 244.50), nuts and legume products group; 183.30 + 225.63 (range;
48.66 — 833.00), milk group; 118.92 + 77.55 (range; 31.68 — 283.20), vegetables
group; 123.27 £ 79.23 (range; 31.68 — 283.20), and fruits group; 21.05 + 10.85 (range;
9.00 — 43.70). Table 5.13 also showed mean value of phosphorus per common portion
size in other food groups; single dishes group; 198.70 + 77.80 (range; 70.31 — 378.30),
side dishes group; 69.49 + 44.43 (range; 16.20 — 176.00), condiments group; 40.57 +
43.58 (range; 3.30 — 135.00), snacks group; 69.54 + 42.46 (range; 15.00 — 225.23),
and beverages group; 90.85 + 83.61 (range; 0.60 — 350.69). Food items in fast food
group were included in single dishes and snack categories.

The appendix of the developed educational tool was provided additional
knowledge and practical useful tips about food exchanges, PBs, hidden phosphorus in
food containing additives and additional food items with phosphorus content
expressed in dot.

The validity of content and format of the draft developed educational tool
were proved by five experts (Appendix B). There was a comment about pictures,
font’s size and the arrangement of contents. In addition, the booklet was edited,
revised, and rearranged appropriately according to the expert’s comments and
suggestions for final approval before using in the next phase of the study. The final

format of the developed education tool is shown in figure 5.1 — 5.3.
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Figure 5.3: The developed education tool: Phosphorus counting booklet (part2)

5.2 Phase 2: Evaluation the effectiveness of the developed

educational tool

5.2.1 Demographic characteristics of the subjects

Initially 56 volunteers who met inclusion criteria were recruited in this
study. However, only 54 subjects completed the study with 2 subjects dropping out.
The reason for dropping out was one subject’s lack of time and headache problem
during the dialysis. Another one died from pulmonary edema before starting the study.

The total 54 subjects comprised of 24 male subjects (44.4%) and 30
female subjects (55.6%). The subjects had a mean age of 49.09 + 12.23 years and
mean dry body weight of 58.18 + 14.02 kg. More than half of the subjects (57.4%)
were married. The mean length of HD was 7.95 + 5.56 years. Most of the subjects
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(68.5%) received dialysis three sessions per week with mean frequency of 2.70 + 0.46
sessions per week. All the subjects had the same dialysis treatment period which was
four hours per session. The majority of education level was Bachelor degree (46.3%).
Most of subjects work for government (22.2%) and company worker (20.4%). 22.2 %
of the subjects were either unemployed or retired. About 24.1% of the subjects had
incomes in range of 5,001 — 10,000 baht which was nearly equaled to the percentage
of subjects (22.2%) who had incomes more than 35,000 baht.

Only 9 subjects (16.7%) had no presence of any illnesses or co-morbidities
while the other 45 subjects (83.3%) suffered from various co- morbidities. Mostly,
each subject usually had more than one or two co-morbidities which were the
congenital or the etiology causing CKD or the consequences of CKD progression or
three of them. The most common co-morbidity founded in this study was hypertension
(48.1%), followed by diabetes mellitus (11.4%), coronary heart disease (10.1%),
allergies (10.1%), and dyslipidemia (7.6%).

All subjects were taking PBs in order to control their serum phosphorus
level which PBs’ type and dose were prescribed individually. The most prescribed PB
was calcium carbonate (86%), followed by Lanthanum carbonate (12.3%), and
Sevelamer hydrochloride (1.8%).

Nine subjects (16.7%) have been received parathyroidectomy previously.
However, there were two subjects having parathyroidectomy operation during the
study according to the doctor’s opinion since they were suffered from prolonged
elevated serum phosphorus and PTH level. Therefore, there were eleven subjects
(20.4%) have parathyroidectomy at the end of the study. The demographic
characteristics of the subjects are summarized in Table 5.14



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Food and Nutrition for Development) / 81

Table 5.14 Demographic characteristics of subjects.

Characteristics Respondents
N %

Gender

Male 24 44.4

Female 30 55.6
Age (year)

20 - 40 13 24.1

41 - 60 30 55.6

> 60 11 20.4
Mean = 49.09 SD =12.23 Minimum = 23 Maximum = 78
Marital status

Single 17 31.5

Married 31 57.4

Divorced/seperated 6 11.1
Education

Elementary school 4 7.4

High school 15 27.8

Diploma 6 11.1

Bachelor degree 25 46.3

Master degree or higher 4 7.4
Occupation

Private business 8 14.8

Company worker 11 20.4

Government officer 12 22.2

State enterprise officer 5 9.3

Housewife 5 9.3

Unemployed/Retired 12 22.2

Student 1 1.9
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Mean=2.70 SD =0.46

Characteristics Respondents
N %

Incomes (Baht)

< 5,000 7 13.0

5,000 — 10,000 13 24.1

10,001 - 15,000 6 11.1

15,001 - 20,000 4 7.4

20,001 — 25,000 7 13.0

25,001 — 30,000 3 5.6

30,001 - 35,000 2 3.7

> 35,000 12 22.2
Other health problems

Not having 9 16.7

Diabetes mellitus 9 114

Hypertension 38 48.1

Coronary heart disease 8 10.1

Allergies 8 10.1

Dyslipidemia 6 7.6

Others 10 12.7
Phosphate binders

Calcium carbonate 49 86.0

Sevelamer hydrochloride 1 1.8

Lanthanum carbonate 7 12.3
Parathyroidectomy

Yes 9 16.7

No 45 83.3
HD frequency (session/wk)

2 17 315

3 37 68.5
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5.2.2 Subject’s basic knowledge about phosphorus

Most of the subjects (92.6%) have knowledge about phosphorus in foods
while only 7.4% of the subjects indicated that they never received phosphorus
knowledge before.

The subjects received phosphorus in foods information provided by nurses
(21.8%), brochures (18.1%), doctors or nephrologists (17.6%), and dietitians or
nutritionists (13.0%). Almost all subjects answered that they knew sources of
phosphorus rich food items (94.4%) while only three subjects (5.6%) answered that
they did not know. Fast foods item was the most purchased (24.7%), followed by
processed meats (19.1%) and bakery/pastry items (14.8%), and the least purchased
was cereals or nuts based products (3.7%). About seventy percentage (70.4%) of the
subjects told that they occasionally purchased those food selected items. However, two
subjects (3.7%) always purchased high phosphorus containing foods items.

Most of the subjects (70.4%) were able to recognize the recommended
serum phosphorus target level which was 3.5 — 5.5 mg/dL, while the rest of subjects
(29.6%) were unsure about it. About fifty percentages of the subjects (46.3%) were
unsure about recommended daily intake of phosphorus (800 — 1,000 mg/d).

Furthermore, the results showed that subjects were aware of itchy skin
(27.8%), parathyroid gland hyperplasia (25.0%), bone problems (25.0%), and
cardiovascular diseases (20.5%) equally, with fewer (1.7%) aware of others such as
gout. Subjects also responded that dietary phosphorus restriction (36.3%), taking of
PBs (32.2%), and adequacy of dialysis (30.8%) were all equal important in the
hyperphosphatemia management. The results were shown in Table 5.15
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Respondents
Variables
N %
Do you have knowledge about phosphorus
contents in foods before?
No 4 7.4
Yes, from 50 92.6
- Brochure 35 18.1
- Doctor 34 17.6
- Nurse 42 21.8
- Dietitian/Nutritionist 25 13.0
- Books/Magazines 21 10.9
- Internet 13 6.7
- Friends/Family 7 3.6
- Poster 7 3.6
- Television/Radio 9 4.7
Do you usually cook or purchase foods?
- Cook 2 3.7
- Purchase 11 20.4
- Both 41 75.9
Do you know what kind of foods have high
phosphorus containing?
- No 3 5.6
-Yes 51 94.4
What kind of foods you have been purchased?
- Fast foods e.g. rice topped with 40 24.7
curry, hamburger, french fries
- Frozen food products e.g. shrimp, fish 8 4.9
- Processed meat products e.g. sausages, 31 19.1
ham, pork ball.
- Egg yolks containing foods e.g. 14 8.6
noodles, Thai desserts
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Table 5.15 Basic knowledge about phosphorus (cont)

Variables Respondents
N %
- Cereals or nuts based products 6 3.7
- Milks and dairy products e.g. cheese, yogurt, 11 6.8
ice cream
- Beverages e.g. cola, coffee 3inl 18 111
- Food in powdered form e.g. dairy creamer 10 6.2
- Bakery or pastry products 24 14.8
Frequency of above selected food items being
purchased?
- Always 2 3.7
- Often 14 25.9
- Occasionally 38 70.4
Do you know about the daily intake of
phosphorus recommendation?
-No 25 46.3
- Yes 29 53.7
Do you know what the target serum phosphorus
level (mg/dL) according to the recommendation
should be?
-<35 4 7.4
-35-55 38 70.4
-55-6.5 5 9.2
->65 0 0
- Don’t know 7 13
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Table 5.15 Basic knowledge about phosphorus (cont)

Variables Respondents
N %
What are the consequences of having high
phosphorus level in the blood?
- Itchy skin 49 27.8
- Parathyroid gland hyperplasia 44 25.0
- Bone problems (e.g. osteoporosis) 44 25.0
- Cardiovascular diseases 36 20.5
- Others 3 1.7
What are the appropriate practices to prevent
hyperphosphatemia?
- Dialysis adequacy 45 30.8
- Adherence of phosphate binders 47 32.2
- Dietary phosphorus restriction 53 36.6
- Others 1 0.7

5.2.3 Subject’s knowledge and understanding of general phosphorus
information before and after using the developed educational tool

The assessment of subject’s general knowledge of phosphorus was
performed by using scores from pre-test (week 3) and post-test (week 9). The pre-test
was done at the beginning of the study before the developed educational tool provided
to the subjects and the post test was done after the subjects read throughout the
developed educational tool. The results showed that the post-test score was statistical
significant higher than the pre-test score. The subject’s scores were classified into
three knowledge levels which were high, moderate, and low.

Before providing the developed educational tool model, the result showed
that most of subjects had moderate and high knowledge level (50.0% and 48.1%
respectively). The average of pre-test scores was 15.22 + 2.48. The average of post-
test scores was 18.56 + 1.16 which significantly increased from the pre-test score at p-

value < 0.05. Almost one hundred percent of the subjects (98.1%) had high knowledge
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level and only one subject (1.9%) had moderate level after using the developed

educational tool (Table 5.16 and 5.17).

Table 5.16 Number and percentage of subject’s general phosphorus knowledge level

before and after using the developed educational tool (pre-test VS post-test)

Knowledge level

Pre-test (week 3)

Post-test (week 9)

n % n %
Low
) 1 1.9 0 0
(Score <50% or < 10 points)
Moderate
] 27 50.0 1 1.9
(Score 50 - 75% or 11 - 15 points)
High
_ 26 48.1 58 98.1
(Score >75% or 16 - 20 points)
Total 54 100.0 54 100.0

Table 5.17 Comparison the score of subject’s general phosphorus knowledge (pre-test

VS post-test)

Pre-test Post-test Paired t-test
Score

(week 3) (week 9) (p-value)
Mean 15.22 18.56 < 0.05*
SD 2.48 1.16
Median 15.00 19.00
Minimum 9 15
Maximum 19 20

* Correlation is significant at the 0.05 level (two-tailed)
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5.2.4 Subject’s understanding and conceptualization of phosphorus
counting technique after using the developed educational tool

Three exercises were used in order to access the subject’s accuracy in
perception and conceptualization of phosphorus counting technique as follow;

5.2.4.1 Exercise for practicing in phosphorus counting
(exercise A)

The results of subject’s knowledge and understanding of
phosphorus counting technique were assessed from the homework exercise’s score. A
filled in blank type questionnaires were given to the subjects at week 3 and week 5 of
the study for practicing in phosphorus counting. Exercise Al at week 3 was used to
let the subjects get familiar with the phosphorus counting technique and learn how to
use the developed educational tool. The subjects used the developed educational tool
facilitate in each question answering. Exercise A2 at week 5 was used to ensure that
the subjects gained more knowledge and understand the phosphorus counting
technique by using real foods and food models.

The scores of two exercises (week 3 and week 5) were
classified into three knowledge levels as previously. At week 3, the result showed that
the most of subjects (81.5%) had high knowledge level while nearly twenty percentage
of the subjects had moderate and low level (13.0% and 5.6% respectively). The
average score of exercises on week 3 was 8.37 + 1.59. At week 5, about sixty
percentages of the subjects had high knowledge level (66.1%) followed by moderate
and low level (33.3.0% and 3.7%) with an average score of exercises on week 5 was
7.74 £1.74. (Table 5.18)
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Table 5.18 Number, percentage and average score of subject’s knowledge level in

phosphorus counting technique assessed by homework’s score (week 3 and week 5)

Week 3 Week 5
(exercise Al) (exercise A2)
Knowledge level
n score n score
(%) (meanxSD) (%) (meanxSD)
Low 3 2
3.83+1.15 4+0
(Score <50% or <5 pts) (5.6%) (3.7%)
Moderate 7 18
6.43+0.73 60
(Score 50 - 75% or 5 - 7.5 pts) | (13.0 %) (33.3%)
High 44 34
8.99+0.73 8.88+1.01
(Score >75% or 8 - 10 pts) (81.5 %) (63.0%)
54 54
Total 8.37 +1.59 7.74+1.74
(100.0%) (100.0%)

5.2.4.2 Food record analysis of the subjects (exercise B)

The analysis of food records was divided into 2 purposes as
follows;

1) To assess the usual average intake of dietary phosphorus
consumed per day and to compare the phosphorus intake before and after using the
developed educational tool.

2) To assess the subject’s accuracy in perception and
conceptualization of phosphorus counting technique.

The subject’s accuracy in perception and conceptualization of
phosphorus counting technique was assessed by using three days food record with
phosphorus counting which was given to the subjects at week 5 and week 7 of the
study period. The subjects were asked to keep a three days food records with counting
phosphorus of each food items consumed in each day. This exercise was used to
evaluate the accuracy of counting phosphorus dots combined with the real dietary

phosphorus intake.
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According to the food records analysis of week 5 and week 7,
the results showed that the subjects who counted phosphorus at high knowledge level
were increased from 70.4% at week 5 to 79.6% at week 7. Moreover, one subject
(1.9%) improved ones knowledge from low level at week 5 to moderate level at week
7. There was a significant difference of mean score (p-value = 0.006) between week 5
and week 7 which was increased 0.43 £1.09 (Table 5.19)

Table 5.19 Number, percentage and average score of subject’s knowledge level in
phosphorus counting technique assessed by homework’s score (3-day food record or

exercise B) at week 5 and week 7.

Knowledge level Wk n (%) Mean+SD | Min | Max
1
5 433%0 433 | 4.33
Low (1.9%)
(score <50% or <5 pts) 0
7 0 0 0
(0%)
15
5 6.49 +0.71 500 | 7.33
Moderate (27.8%)
(score 50 - 75% or 5 — 7 pts) 11
7 6.76 + 0.67 533 | 7.33
(20.4%)
38
5 8.81+0.79 7.67 | 10.00
High (70.4%)
(score >75% or 8 - 10 pts) 43
7 8.95 + 0.68 7.67 | 10.00
(79.6%)
54
5 8.08 £1.39 4.33 | 10.00
(100%0)
54
Total 7 851+1.12 5.33 | 10.00
(100%0)
Awk 5 and wk7 0.43+£1.09
p-value 0.006*

* Correlation is significant at the 0.05 level (two-tailed)
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The food records revealed that the subjects had average daily
phosphorus intake were 569.72 + 169.12 at week 3 (baseline) and 604.64 + 175.74 mg
at week 7. The mean phosphorus intake, protein intake, phosphorus/protein ratio,
protein/dry body weight were slightly increased but not significantly. On the contrary,
mean of serum phosphorus (mg/dL) and the numbers of dot with red edge (dot/d) were
decreased. The subject’s mean of serum phosphorus level was decreased but not
significantly (p-value = 0.214) from 4.79 + 1.55 mg/dL (baseline) to 4.60 + 1.44
mg/dL (week 7). While the mean numbers of dot with red edge was significantly
decreased (p-value = 0.003) from 2.30 + 1.42 dots/d (baseline) to 1.84 + 1.26 dots/d
(week 7). The results from food records analysis are summarized in Table 5.20

By comparing the amount of dietary phosphorus intake
between age groups, the results showed that there were no subjects in any age groups
who consumed phosphorus more than 1,000 mg/d at baseline. Most subjects in all age
groups consumed phosphorus less than the daily recommendation of KDOQI guideline
(800 — 1,000 mg) (17, 18). Almost fifty subjects (87.0%) at baseline have phosphorus
intake less than 800 mg/d with an average of 524.9 + 129.35 mg/d while only seven
subjects (13.0%) have phosphorus intake 800 — 1,000 mg/d with an average of 870.61
+ 54.94 mg/d. At week 7, most of subjects in all age groups remained have phosphorus
intake less than 800 mg/d. Ninety percentages (90.7%) of the total subjects have an
average phosphorus intake of 569.99 + 124.79 mg/d. Four subjects (7.4%) consumed
phosphorus according to the recommendations with an average of 832.13 + 34.21
mg/d. However, there was one subject (1.9%) in 41 — 60 years age range consumed
phosphorus more than 1,000 mg/d (1,392.13 mg/d). The number of subjects who
consumed phosphorus less than 800 mg/d was increased from 47 at week 3 to 49
subjects at week 7 (Table 5.21).
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Table 5.22 Comparison the number of subject’s inorganic phosphorus-containing food
items (dot with red edge) consumed per day classified by age group (week 3 and 7).

Mean (SD) dot with red edge per day p-value
Age range n
Week 3 Week 7 Change
20 - 40 13 3.05 (1.73) 2.54 (1.11) -0.51 (1.54)
41 -60 30 1.99 (1.29) 1.57 (1.31) -0.42 (0.81)
> 60 11 2.27 (1.08) 1.73 (1.04) -0.55(1.23)
Total 54 2.30 (1.42) 1.84 (1.26) -0.47 (1.09) | 0.003*

* Correlation is significant at the 0.05 level (two-tailed)

Table 5.22 showed the comparison of subject’s inorganic
phosphorus-containing food items (dot with red edge) consumed per day classified by
age group between week 3 and week 7. The mean dot with red edge after using
booklet (week 7) was decreased significantly 0.47 + 1.09 dots/d (p-value = 0.003)
from baseline. The results revealed that 20 — 40 years age group had the highest mean
dot with red edge taken per day which was 3.05 + 1.73 dots/d at baseline and reduced
to 2.54 + 1.11 dots/d at week 7 which was remained higher when comparing to other
age groups. While in middle aged (41 — 60 years) and elderly aged (> 60 years) group
consumed inorganic phosphorus containing food items closely to each other both at
baseline and week 7.

The frequency of inorganic phosphorus containing food items
consumption in different categories from the subject’s food records analysis were
showed in Table 5.23 — 5.27. The most consumed dot with red edge food items in
meat category was meat ball (pork/chicken/fish) (60.09%), the second rank was
chicken/ pork sausages (11.84%), while the least was canned fish (sardine in tomato
sauce) (0.44%) which are shown in Table 5.23. Table 5.24 showed the frequencies of
dot with red edge food items in snacks category. The top two highest frequencies were
pa-tong-ko (18.26%) and slice of bread, white flour (11.2%). The least consumed in
this category was cereals (corn flakes) and jelly (0.41%). Table 5.25 presented the
most commonly consumed fast food items was crispy fried chicken and French fries
(13.46%) , and followed by pizza and instant noodle with seasoning (11.54%), while
chicken nuggets, processed cheese (cheddar), and potatoes mashed with gravy (ready
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to eat) (1.92%) were the least frequency of food items consumed. About the beverages
category (Table 5.26), the highest frequency was coffee instant powder (28.48%),
followed by coffee 3 in 1, instant powder (sachet) (18.75%), while refreshment
beverage (sport drink) and whipped cream were the least frequency in this group
(0.35%). Last, the most consumed food items of condiments category was tomato
sauce (62.32%), followed by salad dressing, cream (15.94%), and the least items was
mayonnaise (4.35%) (Table 5.27).

Table 5.23 Frequencies of dot with red edge food items consumed in meat category.

Food items N %_Of total
items
1. Meat ball or Look-chin (pork/ chicken/ fish) 137 60.09
2. Sausages (chicken/ pork) 27 11.84
3. Typical Chinese pork ball with tofu 12 5.26
4. Crab and ground pork wrapped with tofu skin 10 4.39
5. Ham/bologna (chicken/ pork) 8 3.51
6. Chinese sausages (kun-chiang-mu) 7 3.10
7. Pork sausage steamed (moo-yor) 7 3.10
8. Processed meat products (e.g. shredded pork) 7 3.10
9. Pork sausage Northern style (sai-oua)/ A 175
Pork sausage fermented (nham)
10. Fish surimi 3 1.32
11. Tuna 3 1.32
12. Soybean okara (vegetarian) 2 0.88
13. Canned fish (sardine in tomato sauce) 1 0.44
Total 228 100
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Table 5.24 Frequencies of dot with red edge food items consumed in snacks category.

Food items N %_Of total
items
1. Pa-tong-ko 44 18.26
2. Slice of bread, white flour 27 11.20
3. Filling bread 24 9.96
4. Salapao filled with meat / cream custard 23 9.54
5. Sandwich with tuna / ham-cheese, sausages bun 19 7.89
6. Bakery/ pastry products
e.g. caierl)jamyrzn/ pie/ tart/donut/ eclairs [7 1743
7. Cookies 18 7.47
8. Ice cream (coconut/milk based) 11 4.56
9. Dumpling steamed (Ka-nom-jeep) 7 2.90
10. Fried potato chips / Man-falang-thod-krop, A 290
Snack from flour (corn, wheat, potato)
11. Biscuits, cracker (savoury, sweet, chocolate) 4 1.66
12. Kanom-pia/ Mochi (Thai style) 4 1.66
13. Curry puff 3 1.24
14. Wafer 2 0.83
15.Chocolate bar 2 0.83
16. Popcorn 2 0.83
17. Jelly 1 0.41
18. Cereals (corn flakes) 1 0.41
Total 241 100
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Table 5.25 Frequencies of dot with red edge food items consumed in fast
foods category.

Food items N %_Of total
items
1. Crispy fried chicken 7 13.46
2. French fries 7 13.46
3. Pizza 6 11.54
4. Instant noodles with seasoning 6 11.54
5. Hamburgers 5 9.62
6. Frozen meat/fish products 5 9.62
7. Roti dough (ready to eat, frozen) 5 9.62
8. Steak (fast food restaurant) 3 577
9. Hotdog 3 5.77
10. Instant congee (rice porridge) 2 3.85
11. Chicken nuggets 1 1.92
12. Processed cheese (cheddar) 1 1.92
13. Potatoes mashed with gravy (ready to eat) 1 1.92
Total 52 100
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Table 5.26 Frequencies of dot with red edge food items consumed in beverages

category.
Food items N %_Of total

items
1. Coffee instant, powder 82 28.47
2. Coffee 3 in 1, instant powder (sachet) 54 18.75
3. Green tea (bottle) 31 10.76
4. Non dairy creamer (coffee mate) 21 7.29
5. Iced coffee 18 6.25
6. Fruit juice (small carton) 15 521
7. Condensed milk, sweetened (nom-khon-wan) 14 4.86
8. Chocolate flavored drink, powder 14 4.86
9. Chocolate flavored drink 3 in 1, instant powder 11 3.82
10. Iced tea with milk (cha-yen) 5 1.74
11. Black tea (bottle) 4 1.39
12. Lemon ice tea (cha manaw, bottle) 4 1.39
13. Cereal soy based supplementary food 3 in 1, > Loa

instant powder

14. Tea time 3in 1, instant powder 3 1.04
15. Herb supplementary drinking, powder 3 1.04
16. Condensed milk, unsweetened (nom khon chued) 2 0.69
17. Chrysanthemum drink (nam kek huay, bottle) 2 0.69
18. Whipped cream 1 0.35
19. Refreshment beverage (sport drink) 1 0.35
Total 288 100
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Table 5.27 Frequencies of dot with red edge food items consumed in condiments

category.
Food items N %_Of total

items

1. Tomato sauce 43 62.32

2. Salad dressing, cream 11 15.94

3. Seasoning powder/ monosodium glutamate 7 10.14

4. Margarine 5 7.25

5. Mayonnaise 3 4.35

Total 69 100

5.2.4.3 Phosphorus counting technique  questionnaire

(exercise C)

This questionnaire was given to the subjects at week 9 of the

study in order to assess overall accuracy and perception of phosphorus counting

technique. The result showed that 96.3% and 3.7% of the subjects could counted their

phosphorus at high and moderate respectively with mean score of 9.02 + 0.81 (Table

5.28).

Table 5.28 Number, percentage and average score of subject’s knowledge level in

phosphorus counting technigque assessed by questionnaire’s score (exercise C).

Knowledge level n % Mean + SD Min Max

Low

0 0 - - -
(score <50% or <5 pts)
Moderate

2 3.7 6.50 £ 0.71 6 7
(score 50 - 75% or 5 — 7 pts)
High

52 96.3 9.12 + 0.65 8 10
(score >75% or 8 - 10 pts)
Total 54 100.0 | 9.02+0.81 6 10
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Comparison the knowledge level of phosphorus counting
technique between exercise A (week 3 & 5), exercise B (week 5 & 7), and exercise C
(week 9), the results showed that there was an improvement of knowledge level in
each exercise. At week 9 of the study, most of subjects (96.3%) could count
phosphorus at high level with fewer (3.7%) in medium level while there was no

subject in low knowledge level as shown in Table 5.29.

Table 5.29 Numbers and percentages of subjects according to phosphorus counting

knowledge level and mean score of each exercise.

) Phosphorus counting knowledge Score
Exercise - -
Low Medium High (mean = SD)
Exercise A 2 16 36
8.06 + 1.48
(week 3 & 5) (3.7%) (29.6%) (66.7%)
Exercise B 1 10 43
8.29+1.14
(week 5 & 7) (1.9%) (18.5%) (79.6%)
Exercise C 0 2 52
9.02 +0.812
(week 9) (0%) (3.7%) (96.3%)

The correlation between knowledge scores of subjects and sex,
age, education level, and HD duration after using the developed educational tool were
evaluated by using chi-square test. It was found that there were no correlation between
subject’s knowledge test scores and sex. The results indicated that all knowledge test
scores was not significantly greater for female than for male (Z=-0.618, p = 0.537).

Table 5.30 showed eta test or correlation ratio (Eta = 0.341 to
0.565) which indicated that there was a moderate correlation between education level

and all knowledge test scores.
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Table 5.30 Correlations of education level to general phosphorus knowledge and
phosphorus counting technique, i.e., exercise A, exercise B, exercise C among Thai
hemodialysis patients (N = 54).

Education level Eta
General phosphorus knowledge 0.399
Exercise A 0.565
Exercise B 0.341
Exercise C 0.498

There was a non-significant correlation between length of HD
and all knowledge test scores which were general phosphorus questionnaire (r = -
0.175, p = 0.205), exercise A (r = 0.007, p-value = 0.961), exercise B (r = - 0.096, p-
value = 0.492), and exercise C (r = 0.103, p-value = 0.460) as shown in Table 5.31.
Finally, the results indicated a weak to moderate, negative correlation between ages
and all knowledge test score but not significantly except ages and general knowledge
test scores (r = -0.325, p-value = 0.016) as shown in Table 5.31.

Table 5.31 Correlations of HD length and age to general phosphorus knowledge and
phosphorus counting technique, i.e., exercise A, exercise B, exercise C among Thai

hemodialysis patients (N = 54).

General Phosphorus counting technique
HD length, Age phosphorus | Exercise | Exercise | Exercise
knowledge A B C
HD Pearson
length  Correlation 1.00 -0.175 0.007 -0.096 0.103
P-value : 0.205 0.961 0.492 0.460
Age Pearson
Correlation 1.00 -0.325 -0.253 -0.164 -0.091
P-value 0.016* 0.065 0.236 0.511

* Correlation is significant at the 0.05 level (two-tailed)
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5.2.5 Subject’s satisfaction with the developed educational tool

The subject’s satisfaction was considered from the content aspect, format
aspect, illustration of the booklet, also application of the booklet. A questionnaire was
designed with a five-point Likert scale used to determine the subject’s satisfaction
with the developed educational tool at the end of the study. The subject’s response are
shown in Table 5.32

Table 5.32 Assessment of subject’s satisfaction with the developed educational tool.

Assessment aspects Mean SD
1. Contents 4.40 0.48
2. Format 4.53 0.42
3. Language 4.48 0.75
4. lllustrations 4.50 0.53
5. Application 4.49 0.54
6. Overall satisfaction 4.59 0.57

5-points Likert scale; 1: extremely dissatisfied/ extremely disliked, 2: disliked, 3: fair,

4: satisfied/liked, 5: extremely satisfied/ extremely liked

The results showed that the mean of booklet’s content, format, language,
illustrations and applications aspects were 4.40 + 0.48, 4.53 £ 0.42, 4.48 £ 0.75, 4.50 +
0.53, and 4.49 + 0.54 respectively. The mean score of overall satisfaction was 4.59 +
0.57. This indicated that the satisfaction level of the subjects with the developed
educational tool were satisfied and extremely satisfied. The results of subject’s

suggestions and comments are shown in Table 5.33.
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Table 5.33 Suggestions and comments about the developed educational tool.

Suggestions

. Should increase food items.

. Should increase size of food photographs.

. Should increase size of font letters.

. Should use the single type of font letters.

. Should have more details about the theory of phosphorus dot.
. Should use more simple language.

. Should include other important minerals associated to the disease.

o N oo o A W N P

. Should rearrange the order of food lists via alphabetical or similar food type not
the amount of phosphorus.
9. Should delete the real phosphorus content presented under the dot.

10. Should decrease size of the booklet for convenience to carry with.

11. Should be developed into the mobile phone application.

Subjects suggested that the developed booklet should cover more food
items in beverages, snacks, Thai-single dishes, Thai-side dishes and fast foods/ready-
to-eat foods categories including more ethnic foods. The size of letters used in this
booklet should be increased since it was too small and hard to read. The phosphorus
content in milligram presented under the dot should be deleted since it made them
more confuse with the numbers of dot. There were two subjects in age group 20 — 40
years old suggested that the booklet should be developed into the mobile phone
application for easily use and could access to the data of foods’ phosphorus contents
everywhere anytime without carrying a booklet. Other suggestions were related to the
content, knowledge, and size of the booklet which were presented in Table 5.33.
However, all subjects informed that they wanted to be provided this developed
educational tool since it was a great educational tool that provided disease-related and
nutrition knowledge which allowed them have more variety of food choices and

improving in phosphorus control leading to a better self health care and quality of life.
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CHAPTER VI
DISCUSSION

This chapter discussed the results and findings according to the sequence

of the study that was similar to the results section.

6.1 The developed educational tool

The developed educational tool model was a booklet which was a self-help
guideline for estimating phosphorus content in foods commonly consumed in Thailand
based on phosphorus counting technique. It was a self-help guideline booklet for HD
patients to take care themselves which emphasized on knowledge of phosphorus
related to the disease, consequences of elevated serum phosphorus, and how to cope
with hyperphosphatemia. Dietary phosphorus restriction is one of the crucial strategies
of hyperphosphatemia management (37). The highlighted part of this developed
educational tool was the phosphorus content of foods commonly consumed in order to
facilitate them in making proper food choices and better control of phosphorus. In
addition, the phosphorus contents of each food were presented in easy and simply way
by using phosphorus counting technique which confirmed by previous studies (42,
43). The phosphorus contents of each food categories and food items were calculated
and summarized in mean values. This study considered only the value of energy
(kcal), protein (g), and phosphorus (mg) since protein and phosphorus were closely
related. The phosphorus mean values obtained in this study was closely to the previous
developed renal exchange lists (157) only in starch, meat, milk, vegetables and fruits
exchange groups. The mean phosphorus contents in grains, condiments, single dishes,
side dishes, snacks, and beverages were summarized and grouped according to food

items for easier to memorize and be able to use in practical.
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This developed educational tool was differed from the previous self-help
guideline which was developed by St. Michael hospital (PPS) (42) and Kuhlmann
MK.(PEP) (37, 43) in terms of illustrations. Phosphorus content of the foods was
represented only in the character of the booklet developed by St. Michael hospital
(42). There were no illustrations of each food items. The subjects commented that the
booklet should be included more ready-to-eat, processed food items including ethnic
food items. Moreover, all food items should be organized according to alphabetical
instead of food groups. However, there was a reduction in the potassium intake since
those foods high in potassium were also shaded and highlighted due to their high
contents. In addition, the researcher suggested that the tool may be more effective if
phosphorus-rich food items were color-coded by using a traffic light color-coding
system. Most of subjects in both studies were satisfied with the tool but there were few
comments and suggestions. Another booklet of PEP program developed by Kuhlmann
MK. (37, 43), the phosphorus counting technique and the newly defined-PU were used
to specify phosphorus content of foods in single digit numbers related to serving sizes
which easily to memorize and counting instead of usual triple digit milligram
numbers.

Therefore, the educational tool of this study was developed by combining
phosphorus counting technique and traffic light color concept together to define the
phosphorus contents of each food and notify that those foods is containing inorganic-
phosphorus which is highly absorbed nearly 100% by using dot with red edge. The
booklet was designed for self-learning, easy to understand and follow by using simple
language, colorful pictures and illustrations which motivated and attracted the reader.
The white dot with black or red edge color stands for 40 mg of phosphorus content in
the foods. However, the dot with red edge was shaded with color to notice and caution
that this food is containing inorganic phosphorus such as phosphorus containing food
additives and should be consumed at minimum items or portions. Daily dietary
phosphorus consumption was controlled by counting phosphorus contents in terms of
dot and keeping within a daily recommendation also avoiding the dot with red edge
food items or minimized the number per day. The attractive of the developed booklet
was made to draw the readers’ attention same as previous study (159) by using short

sentences with simple words, large font, fewer letters per page, more illustrations
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instead of words, more colorful, and an appropriate awareness messages to motivate

the readers effectively.

6.2 Effectiveness of the educational tool

The application and satisfaction of the developed tool was evaluated. This

phase was conducted at Siriraj hospital in HD patients.

6.2.1 Demographic characteristics of the study subjects

Fifty four subjects completed the study. Two subjects were dropped out at
the early of the study because of the disease complications and compliance. The
proportion of male and female respondents was nearly equal (44.4% male, 55.6%
female) which was correlated with the report of TRT Registry in 2010 (20). The TRT
Registry in 2010 (20) reported that 43.1% of HD patients in Thailand were in the age
group of 45 — 64 years which was corresponded with result of this study that most of
the respondents were in the age group of 41 — 60 years.

The majority of subject’s occupations, education, and the subject’s average
dry body weight, income, dialysis time (hour/session), and dialysis frequency
(session/week) of this study was consistent with the TRT Registry Report in 2010
(20). Each subject usually had more than one or two co-morbidities with hypertension
which was the most common co-morbidity of the respondents and agreed with the
previous studies (129, 152, 160).

The most prescribed PB of this study was calcium carbonate which was
the most commonly used, available, and affordable prices PBs in Thailand (34) and
was consistent with the study of Toussaint ND et al. (161). Lanthanum carbonate and
Sevelamer hydrochloride are two PBs which is being popular increasingly since both
are non-aluminum, and calcium-free agents. They do not affect the serum calcium
level, but the price are remain expensive in Thailand (78-80, 83). At the beginning of
the study, the number of subjects who received parathyroidectomy previously was

nearly closed to the study of Toussaint ND et al. (161).
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6.2.2 Subject’s basic knowledge about phosphorus

More than ninety percentages of the subjects (92.6%) have been given
information on foods that high in phosphorus before enroll the study while only 7.4%
of the subjects indicated that they never received information related to phosphorus.

Most of the subjects informed that the information about phosphorus in
foods was provided to them by nurses (21.8%), brochures (18.1%), doctors or
nephrologists (17.6%), and dietitians and nutritionists (13.0%) which were consistent
with the previous study (127) that HD patients received information mostly from
nurses (60%). Toussaint ND et al. (161) found that HD patients in the study received
information about phosphorus from nephrologists or doctor (60.3%), dietitian (43.3%),
nurses (38.3%), and written educational materials (17.6%). However, about fifty
percentages of the subjects in this study did not know the daily recommended amount
of dietary phosphorus intake according to the guideline even thought they have been
educated before. The majority of subjects usually cooked and purchased foods which
were correlated with the previous study (118). On the contrary, almost all subjects
occasionally purchased high inorganic phosphorus containing products which was
contrasted to the previous studies that the demand of processed foods was increasing
rapidly in recent years (93, 105).

Most of the subjects (70.4%) can recognized the recommended serum
phosphorus target level (3.5 — 5.5 mg/dL) which was contrasted to the result of
Toussaint ND. et al study (161) that nearly eighty percentages of the subjects did not
know the appropriate serum phosphorus level.

The results showed that subjects who knew the consequences of elevated
serum phosphorus level were mostly aware of itchy skin (27.8%), parathyroid gland
hyperplasia or secondary hyperparathyroidism (25%), osteoporosis (25%), and
cardiovascular disease (20.5%). The results were consistent with the Toussaint ND. et
al. study (161) that cardiovascular disease was the least aware of problems in HD
patients even though it was the factor that raised the numbers of death in dialysis
population. Almost all subjects informed that dietary phosphorus restriction is one of
the approaches to prevent hyperphosphatemia. In addition, the results showed that
dietary phosphorus restriction (36.3%), PBs (32.2%), and dialysis adequacy (30.8%)
were all equal important in hyperphosphatemia management.
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6.2.3 Subject’s knowledge and understanding of general phosphorus
information before and after using the developed educational tool

Before using the developed educational tool, most of subjects had
moderate and high knowledge level while only 3.7% of the subjects had low
knowledge level. At the end of the study, most of the subjects improved their
knowledge to higher level and there was no subject in low knowledge level. Moreover,
the results showed that there were significant different between pre-test and post-test
knowledge scores (p < 0.05). This indicated that the developed educational tool was
able to improve subject’s general phosphorus knowledge. This was confirmed by
previous studies (40) that patient’s knowledge can be improved by giving sufficient
education to them.

6.2.4 Subject’s knowledge and understanding of phosphorus
counting technique after using the developed educational tool

6.2.4.1 Subject’s phosphorus counting exercise (exercise A)

A filled in blank type questionnaires were provided to the
subjects for practicing and getting familiar with the phosphorus counting technique.
First exercise at week 3 was used to let the subjects get familiar with the phosphorus
counting technique and learn how to use the developed educational tool. About eighty
percentages of subjects had high knowledge level which indicated that the developed
booklet could be used as a self care. Second exercise at week 5 was used to ensure that
the subjects gained more knowledge and understand the phosphorus counting
technique. Approximately sixty percentages of subjects had high knowledge level.
This could be occurred from the subject’s skill in food’s portion estimation in
conjunction with phosphorus counting since this exercise were used real foods and

food models.
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6.2.4.2 Subject’s food record (exercise B)

Food records analysis at week 5 and 7, showed that there was
an improvement of subject’s exercise scores and knowledge level. The scores was
increased significantly (p-value = 0.006) from week 5 to 7.

At week 7, there were no subjects in low knowledge level and
the majority of subjects had a high skill on using the developed booklet to find and
count the phosphorus contents of each food they consumed. This indicated that the
scores and the level of knowledge could increase by practicing the phosphorus
counting skills.

Few subjects was able to count phosphorus contents in foods
without using the developed booklet at week 7 and week 9 since they could
memorized and estimated the phosphorus content of foods they consumed in each day.
They informed that they could remembered since they had to open and search for the
phosphorus contents of foods from the developed booklet which resulted in becoming
familiarity with the phosphorus counting technique. This is comparable to the study of
Ahlenstiel T. et al. (43) in which pediatrics subjects and their parents could
remembered phosphorus unit of food items and counting concept with less opening the
manual.

Even though, the average phosphorus intake at the end of study
was increased but not significantly (p-value = 0.205) from baseline; however, the
consumption of inorganic phosphorus containing foods items (dot with red edge) per
day was significantly decreased from baseline (p-value = 0.003). This resulted in the
awareness of the subjects in phosphorus additives that can be absorbed through the
body nearly one hundred percents. This finding was correlated with the study of
Degen AJ.(42).

The results of mean dot with red edge consumed per day
classified by age group indicated that younger age had tendency to consume more
servings of inorganic phosphorus containing foods or processed food items which
related to the previous study (43). In middle-aged group (41 — 60 years) and elderly-
aged group (> 60 years) have less consumption of food containing food additives and
processed food items. Foods high in phosphate were sometimes taken as snacks

without taken any PBs since they were usually prescribed in fixed doses such as 1 x 3
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pills per day which did not covered the amount of phosphorus intake from snacks.
Moreover, snack items in present mostly containing inorganic phosphorus as one of
the ingredients. The results from the study of Ahlenstiel T. et al. (43) indicated that
snacks which were mostly not covered by PBs are an important source of additional
inorganic phosphorus intake.

The exactly total dietary phosphorus intake was difficult to
estimate precisely according to the phosphorus contributions from food additives used
which cannot be quantified their contents (110). In addition, the food labels on food
products in Thailand did not provide the information on their phosphorus contents or
the phosphorus additives used. Nowadays, the consumers have trend to consume more
processing foods since it was convenience, generally purchased and affordable (109).
Sullivan et al. (115) showed that there was a significant improvement of serum
phosphorus in HD patients resulted from dietary education focused on food additives
and suggestion to avoid phosphorus containing food additives. The developed
education tool in this study was used traffic light concept to highlight the inorganic
phosphorus containing additives food items represented by dot with red edge in order
to increase an awareness of these foods.

In addition, the increase in daily dietary phosphorus intake at
the end of the study may result from the New Year celebration holidays. The most
common reason cited by subjects as affecting greater phosphorus intake was the
overeating especially inorganic phosphorus during the long holidays. The
overindulgence in food and drink during the holidays and special events may lead to
the difficulty in adhering to dietary restrictions for patients (162). Furthermore, the
New Year gifts, presents, parties and celebrations composed of several inorganic
phosphorus rich food items such as cookies, chocolates, cakes, brownies, pizzas and
color-carbonated drinks. Many subjects claimed that they did not want to waste the
gifts they received or disheartened the givers. The results was confirmed by the study
of Butt S. et al. (93) that increased of fast food consumption resulted in higher daily
intake of phosphorus (p-value = 0.22) and significantly higher serum phosphorus (p-
value < 0.001). Furthermore, Ohlrich H. et al. study (162) indicated that HD patients
who had attended a party had significantly increased serum phosphorus level (+0.5
mg/dL) after 1 month (p-value = 0.005).
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Less than ten of the total subjects in this study met the level of
recommended dietary phosphorus range (800 - 1,000 mg/d). In contrast, ninety
percentages of subjects had dietary phosphorus intake lower than the recommendation
(800 - 1,000 mg/d of dietary phosphorus or equivalent to phosphorus per body weight
17 mg/g/d (18, 58, 65, 114)). This is because subjects may have restricted their food
intakes or limited phosphorus rich foods as regularly before took part in this study.
The results was consistent with the Mekki K. et al. study (163) that there were several
reasons affects the reduction of dietary intake such as overly restrictive diets or
changes in taste perception. The increased of HD duration or long-term dialysis
resulted in less consumption of meat, fish, eggs, poultry, and dairy products (r =-0.50,
p-value < 0.05). Moreover, the results of dietary phosphorus amount was agreed with
the Kunvipulsilkul C. study (127) that most of HD patients have mean phosphorus
intake approximately 800 mg/d since they have restricted their consumption of dietary
phosphorus as regularly. However, there was a possibility that subjects may have
underreported their usual dietary intakes or inaccurate recordings of food items (112)
which could effects on the analysis of nutrients.

The results of subject’s mean protein per dry body weight both
baseline and after the study was correlated with previous studies (42, 128, 164) that
HD patients usually have protein intake less than the recommendation which was 1.2
kg/g/d. Long term inadequate of protein intake is associated with PEW which usually
occurred in HD patients (112). The dietary phosphorus content (mg) per protein intake
(9) in this study was approximately 10 to 11 mg/g which was consistent with the
study of Noori N. et al (165) that HD patients whose had this ratio more than 16 mg of
phosphorus per gram protein showed higher risk of death compared with lower group
(12 to <14) and concluded that higher phosphorus intake and dietary phosphorus to
protein ratio result in greater risk of death in HD patients.

Since the amount of dietary protein intake was correlated with
the amount of phosphorus. Therefore, preventing either PEW or hyperphosphatemia,
HD patients should be advised to choose or consume more foods that contain the same
amount of protein with low phosphorus content rather than either high phosphorus or
inorganic phosphorus containing food items in the dietary counseling. Shinaberger CS.

et al studies (113, 166) suggested that restriction of dietary protein intake for
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controlling serum phosphorus may increase risk of mortality. Therefore, 12 — 16 mg
phosphorus per 1 g of protein should be suggested to dialysis patients along with the
recommendation of KDOQI guideline (18) plus with the minimum serving of hidden
phosphorus food items per day according to the previous studies (18, 115).

6.2.4.3 Subject’s phosphorus counting technique
questionnaire

This questionnaire was given to the subjects at week 9 of the
study aimed at assessing subject’s overall knowledge of phosphorus counting
technique. The results showed that 96.3% of the subjects had high knowledge level
and 3.7% had moderate knowledge level. In addition, a new phosphorus counting
technique was not difficult to understand since most of subjects had high knowledge
level and their phosphorus counting ability was able to increase from doing exercises.
The results were comparable to the study of Ahlenstiel T. et al. (43) that the majority
of children and parents assessed the PEP concept were easy, practical and suitable for
daily use.

The subject’s ability in phosphorus counting of this study was
changed to higher level after the end of the study. The result were a very supportive
that most of subjects were able to use the developed educational tool by themselves for
learning, practicing, and understanding the phosphorus counting technique and general
phosphorus knowledge related to the disease preventing hyperphosphatemia.

In terms of correlation, there was a non significant correlation
between general knowledge test scores and length of dialysis. The negative significant
correlation between ages and general knowledge test scores which indicated that older
subjects tend to have lower scores than younger subjects; therefore, increasing in
subject’s age might effects their learning skills (167). Previous study (167) showed
that motor memory which includes all skills and habits retrieved from practicing in
specific tasks were slow progressively with the advancing of age. Providing printed
material with knowledge again was triggered their memory and sedimentary
knowledge which was confirmed by the study of Wilson EAH et al. (168). Printed
materials can promote recall of health-related information. However, the phosphorus
counting scores seems to be declining because it was a newly task introduced to the

subjects. The results indicated that there was a correlation between education level and
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knowledge test scores which was confirmed by the previous study (169). They
suggested that literacy is a key factor associated with higher nutrition literacy skills.
This study found that the younger and more educated subjects have higher test scores
which was correlated with the study of Lee SH.et al (170). Readability of printed
materials is a significant factor for conveying essential message effectively and
enhancing the understandability of education materials (169, 171, 172). Carbone ET.
et al. (169) indicated that health literacy skills were found to correlate with many
nutrition — specific skills such as estimation of portion size, believe in nutrition
information sources and understanding of nutrition labels (173). Since this skills are
needed in phosphorus counting; however, the mean score in this study according to
different education level and knowledge test score were not quite varied. Therefore,
phosphorus counting technique can be performed in everyone by learning, practicing,

and developing the skills.

6.2.5 Subject’s satisfaction with the developed educational tool

The subject’s satisfaction was considered from the content aspect, format
aspects, illustration also application of the developed booklet. A five Likert scale was
used to assess the subject’s level of satisfaction with the developed educational tool. In
content aspect, mean score was 4.40 which indicated that the subjects were satisfied
within the contents of the developed booklet. The acceptance of overall developed
booklet is depending on the content which is very important factors in developing
printed materials and conveying a massage effectively. This was confirmed by the
study of Gillespie AH. (174) which indicated that the responses of incoming messages
were influenced by the attention, perception, acceptance, and interaction. Moreover,
Anderson MLF et al. (175) also indicated that the most concerned aspects when
choosing or developing written materials for patients is the content. The information
should not be overloading since it will affect to the reduction in audience’s perception
(159). However, there were some suggestions which needed to be improved. Some
subjects commented that the content should have more details about the origin of
phosphorus dot for clearer understanding.

Due to lacking of some foods’ phosphorus content data in the developed

booklet, subjects could not found the phosphorus contents of foods they consumed
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which was contributed to unable to count phosphorus of that foods and sum the total
of phosphorus dots per day. Although, phosphorus content in mixed dishes which had
no data of phosphorus content could be estimated by calculating from single food
items provided in this developed booklet which consistent with the study of Janejob N.
(118). Thus, they still requested that the developed booklet should cover more food
items especially in categories of beverages, snacks, Thai-single dishes, Thai-side
dishes and fast foods/ready-to-eat foods and including more ethnic food items.
Furthermore, they suggested that the phosphorus contents in triple-digit milligram-
numbers presented under the dot should be eliminated since it made them confusing
with the amount of phosphorus calculated from dot. Last but not least, they suggested
that the developed booklet should add more details and topics about the important of
other dietary related minerals which are essential and necessary to be concern in HD
patients such as potassium and sodium.

In format and illustration aspects, mean score were 4.53 and 4.50
respectively, which were very closed and assessed as being the most satisfied aspects
comparing to the other three aspects. This results supported by the review study of
Houts PS et al. (176) that assessed the effects of pictures used in health
communications. The results showed that pictures closely connected to the written text
increase the reader’s attention, comprehension, adherence and recall of health
education information (176, 177). Therefore, using attractive pictures and illustrations
incorporated with texts are very useful for all audiences especially in people with low
literacy skills. In contrast to the PPS education tool (42), the foods were listed in
descriptive information without using pictures which could affect the subject’s
attention. Although, subjects in this study were pleased with the illustrations but there
were some suggestions that the size of food pictures should be enlarged. About format
aspects, the appearance and the durability of the booklet depending on the quality of
material used are also important factors that influence the reader’s first impression and
provoke their motivation to continue their reading and gaining more comprehension
(159). The format of this developed educational tool was different from the nutrition
education package for Malaysian HD patients developed by Karupaiah T. et al. (44)

that the font size and the number of food items including food groups were larger.
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Nonetheless, the subjects suggested that the letter’s font size should be
increased since it was too small and hard to read. Likewise, the letter’s type should be
used as a single type throughout the booklet. The size of letters and pictures were
mostly commented that it was really needed to be enlarged according to the reduced in
visual ability of subjects with high age. In contrast to the size of letters and pictures,
the size of the developed booklet should be decreased for convenience to carry with.
Some subjects recommended that it should be developed into the mobile phone
application which can easily access to the data anytime everywhere without carrying
the booklet.

In language aspect, mean score were 4.48 which indicated that subjects
were satisfied with the language used in this booklet. However, the subjects suggested
that the booklet should be contained more simple language. Previous studies (172,
178) suggested that written printed materials should be written in plain and simple
with the lowest reading level as possible to overcome the barriers of receiving
messages in ones with low literacy skills and to convey the information accurately.

In application aspects, mean score was 4.49, which was determined that
subjects were satisfied with the applications of the booklet. They informed that the
developed booklet was very useful which allowed them having more dietary flexibility
and more variety of food choices within the recommendation of dietary phosphorus
intake.

In overall satisfaction of the developed booklet, mean score was 4.59
which implied that subjects were satisfied with the developed education tool. Most of
subjects informed that they will continue to use this booklet and phosphorus counting
technique incorporated with the daily basis after completed the study.

Subjects were also asked about their intention to use this developed
educational tool for phosphorus counting and their interest to learn more about the
impact of phosphorus on health including further phosphorus counting technique. All
subjects wanted to be provided this developed educational tool and would recommend
this developed booklet to other undergoing dialysis or CKD patients. They informed
that the developed booklet was very useful which expanding their nutrition knowledge
and improving their health care. The result was consistent with the survey of Toussaint
ND. et al. (161) that most of HD patients (40.4%) in the study wanted to be provided
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information in written materials. The results of this study corresponded with the study
of Janejob N. (118) who developed an evaluated a nutrition educational tool for self-
help meal planning to restrict sodium consumption using traffic light concept. It was
concluded that subject’s satisfaction with the tool was good. Moreover, the results of
this study also harmonized with the study conducted at St. Michael’s Hospital which
PPS was developed (42).

Finally, the results of this study indicated that the developed educational
tool was acceptable as an interesting self-learning tool for HD patients. The
effectiveness of this educational tool originate from many colorful illustrations and
attractive pictorial formats using in this booklet which was one of the characteristic

that stimulated more responses from the audiences (176, 179).
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CHAPTER VII
CONCLUSION

The purpose of this study was to develop the nutrition educational tool for
HD patients based on phosphorus counting technique and evaluating the effectiveness
of developed educational tool in terms of knowledge, accuracy in perception and
conceptualization of phosphorus counting technique as well as satisfaction with the
developed educational tool. An educational tool model was the booklet for phosphorus
content guideline in Thai foods commonly consumed. It was a colorful booklet
consists of general knowledge of phosphorus including consequences of having
hyperphosphatemia which needed to be considered in HD patients. The self-help
guidelines for dietary phosphorus restriction by using phosphorus counting technique,
and phosphorus contents of each food items commonly consumed in Thai people
which categorized according to food groups. Food photographs and phosphorus dot or
PU were illustrated in the developed booklet.

There were fifty four HD patients who received their treatment regularly at
Siriraj hospital. The results of this study indicated that the developed education tool
improved subject’s knowledge and understanding of phosphorus related to the disease
and phosphorus counting technique. Most of subjects had high and moderate
knowledge level of phosphorus counting technique. There was a non significant
correlation between knowledge scores and education levels, age, and length of HD.
However, there was a significant correlation between age and general phosphorus
knowledge score. The improvement of subject’s knowledge, understanding and
accuracy in phosphorus counting perception rely on the frequently individual practice
in estimating and counting phosphorus contents in various foods which is important
for sustainable developing skills of phosphorus estimating and counting. Therefore,
the reinforcement by dietitian was needed.

Majority of subjects were satisfied with the developed educational tool.

They intended to continue to use this education tool and were interested to learn more
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on the advance phosphorus counting level. All subjects would recommend this booklet
to other undergoing dialysis or CKD patients. They agree that the booklet was very
useful educational tool to help them to better control phosphorus which will improve
their health care.

In conclusion the developed nutrition education tool was acceptable as an
attractive learning tool providing essential phosphorus knowledge and phosphorus
counting technique for HD patients. They can use this tool in daily life to make their

renal diet more enjoyable but within the dietary recommendation.

Recommendations for further study

1. Most food items presented in this developed education tool were the
food items in central region. Therefore, it should have more food items commonly
consumed from all regions of Thailand in the next study.

2. This educational tool can be modified for further use in the earlier of
CKD in order to delay the gradually deterioration of renal function.

3. The effectiveness of this educational tool should be done. The
correlation between serum phosphorus and the developed tool should be investigated.

4. The application of this educational tool can be developed in term of
information technology (IT) such as mobile phone applications.

5. This educational tool and phosphorus counting technique can be
applied to use with the individually adjustment of PBs dose in accordance with the

phosphorus contents of each meal.
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The list of food items and its phosphorus content which were presented in the

educational tool
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£ v Y @ A
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£ 9 A v
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Y v v A
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P lnadruniien du v A 65 65
innglstzalufiag 8 Fouldy 75 75
TeaIn gn
vzniinadusagzy @ lidw) 1 ¥io 60 75
uilanumdeq 2 Foulde 14 95
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AorimiTn Faansu)

JETRPY (RGN 36 5

MosUIALAN 10 /2 30 30
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insealudaign 1 Fouldz 15 40
Uamiingn 1 Fouldaz 15 45
Aevuianans 1 Fouldy (2-3 #1) 15 45
ilotagn 1 Fouldy 15 45
QN3 (qniia) 4-5gn (2 Fouldz) 40 65
viydu 4-5fou 2 Fouldy) 30 70
JETIER 1 Wog 14 70
NYuIUGN 1 ey 30 80
dansedloq 1672 30 80
e 14 1n 1 hiae 120 80
dardnlaniesnen 1 Fouldy 15 85
taynen 1 an 30 90
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aadanon 1 dudn 30 115
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uusaia 5 1fin 10 45
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< @ A
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< = o
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2299naINgN 1 Vinl 60 45
RELHIERIEION 1 i 60 50
sin lungn 1 Vi 60 50
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ApviHein Faan5u)
uotiila 1 Hatan 100 10
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UUNGN Y5 HANAN 80 15
1Y 5 Walan 85 15
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ARETETATHN 1 ¥io 30 100
yuuoy 39U 100 110
YUNTUHY 4qn 80 115
Yo s a 2
me'ldnaansa/min 1 %y 100 120
% a 2
ANYNwiia 1 %y 100 120
Wiadn 1 3 100 125
T5alaly 1 LY 95 140
Y o s 2
yun I insgdung V5 ¥ 90 165
1&fiafuagly
Fedn 1 ¥ 100 215
Yy 3 84100 1878 210 225
Y ~ o a
[Aunileadynei
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A ECAUAE] Snaeris 1w (nSu) Hnaneanlesa
Aetviln (Haaniw)
adainla 2 Foulde 30 5
9 [
gAY 2 goulay 30 10
[ Gl 9 [ A
GLIERT 2 douldy 13 1 wo4 30 10
walgesa 1 dou 10 10
fangi 1 Foulde 12 10
iardh 1 Foulde 15 10
A 9 [
FANIVINA 2 Houlay 30 10
TI 2
Wugh 1 $heidn (4 FouTds) 60 15
1987 1 Foulde 15 15
a < 9 [5J
W3 ALAAYIFR 1 Foulay 15 20
wanz 18 1 Foulde 6 35
ezl 1 Foumn 5 50
MY 1 Foulde 15 60
MInazfe 1 §reidn (4 FouTde) 60 70
@ 14 9 [
Naaia 1 Foulag 15 135
10. ¥iNIA 9193 01M5ED
518150113 Pnaens 1MHED (P5N) Pnaeanesa
AoMIn (Nadn3u)
AX o & '
vgniinad szl 1 %19 6 UM 324 75
feIU 1 %1% 486 90
dulnajduan il 1 510 494 90
DERTURINYUAT 1 %1% 195 105
Y ' 9
du s anivy 19U 354 115
a1 19387 (a1 o) 19U 245 140
e 1911 220 140
=) ,UI
YuIIUE 19U 425 150
vy 1911 372 160
Frmduila 197U 318 165
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10. ¥130A D1NTUAELN (D)

S18M50IHIS e MHHD (P5N) naleanesa
AvMIN (Nadn3w)
dviynsou 191w 318 165
Prnadanzmsla 1911 265 175
9 o 1
riula 1911 300 175
driany 191 320 190
9 ]
rvunla 1911 316 220
dviyuas 191 320 230
Y v
d1weeln 1 93 365 230
T laing 18 191U 362 240
nszinglan 1 %1% 381 240
Y v
TAumy 1 %513 335 240
Tagnnzdl 191 250 245
3
g 1 550 290
Y < 9 @
durdnui anya 1 9510 325 290
Aeinng Tstiny 19U 325 295
Meaen Inqu 1 30 370 310
HadD MY 191U 325 310
fin'ln 191U 300 330
Pnaunaigimula 1911 310 365
Megnea 1911 195 380
Hrmihlanea 1911 283 575
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S18M50IHIS e MHHD (P5N) naleanesa
AvMIN (Nadn3w)
Fl
naudRe) 1 Foulde 17 10
WS nngdl 1 Foulde 20 25
3 a ) I
UM NAAY ULV 1 Foulay 20 45
Tiloda?
varin (lldilodad) 1911 150 55
unadad ] vydu 1828 160 75
A o K o Y
uNIIAAIAT nydu 1878 160 80
GNGER 1 8 160 90
vy o
Fud'lne 191 160 90
uneduinsmlanseu 1 8 160 90
W o o
darn (diledas) 1 9180 100 90
1M1 0UNTUAT O 1 Mudn 100 95
duladaan 1878 160 95
uNUTEINUNY 1878 160 105
e 1 Mudn 100 110
unath'la 1878 160 115
duan'la 1878 160 160
duda 16 160 165
§1viyeo 191 100 165
l&nsendau 4qn 100 170
vorunlarvouluee 1 o 150 170
Ay 1 91an 134 175
findzne 1 M8 123 175
v qw
rafalangn 8 FU 150 180
neaRulaInge 130 170 185
2
(MoMIU 5 FU (120 NTY) +
UIIUNPANU 50 N5W)
HANWI NLAIMYNTBL 191 123 190
Weiiu'lA 18 160 190
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11. ¥i3NA 21NN (A)

o

F18MTONHIS Snaeris 1w (nSu) unavleanesa

AvMIN (Nadn3w)

RaNYTIBAUNY 1 Muian 120 205
anday 197 (a1 1 @anang) 160 245
unanzHs In 1 8w 160 335
|54
nyazIag 1 %0 228 505
12
vy 10 198 +idwazidz 50

5N+ 91919 50 NTN)

12. H13A 91HINUAIWE T3

I8NTOINIT e MHEn (M5%) Fwnaleanesa

AvHIN (Nadn3w)

Tinnadusagl 1 %94 35 400 50
Inlsifinszgnnoa 3y 100 115
= 14 o @

Fewesines 18U 108 130
Nursanen 1 nAaoINA 120 155
Wy 1 LAY 112 165
Wi susa 1 ey 1 LAY 100 240
DIMILFUTINT DN 1 naog 300 270

@sziandn)

TReuw3Tian 1 naed 100 280

o = ' a
Wntda'la 6 ¥ 100 335

on laguuilinen 1 %u 200 410
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