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ARTICLE INFO SUMMARY
ArtiC{e history: Background-aims: Phosphorus nutritional knowledge level of hemodialysis patients and renal nurses has
Received 4 November 2018 been found to be low, while respective knowledge of nephrologists has not been studied yet. There are

Accepted 12 March 2019 equivocal results regarding the association of phosphorus nutritional knowledge level and serum

phosphorus values. The aim of this study was to assess phosphorus nutritional knowledge of hemodi-
Keywords: alysis patients, nephrologists and renal nurses and seek potential interventions to improve patients’
El:l)rslggi(;rluzirnowledge adherence to phosphorus and overall nutritional guidelines.
Nephrologists Methods: This cross-sectional observational study was conducted on sixty eight hemodialysis patients, 19
Renal nutrition renal nurses and 11 nephrologists who were recruited from 3 hemodialysis units in Greece. Phosphorus
nutritional knowledge of the participants was assessed by a 25-item item questionnaire (CKDKAT—N) which

included 15 questions on phosphorus and 10 questions on protein, sodium, and potassium knowledge.
Results: Nephrologists had higher CKDKAT—N total (19.1 + 3.6 vs 14.1 + 2.8 and 13.2 + 2.8, P < 0.01) and
phosphorus knowledge scores (10.6 + 2.7 vs 7.6 + 2.2 and 7.3 + 2.0, P < 0.01) compared to renal nurses
and patients respectively. There were no differences in total and phosphorus knowledge scores between
nurses and patients. Patients and nurses answered correctly significantly less questions regarding
phosphorus compared with the rest of the questions (P < 0.01) while no such difference was found in
nephrologists. Serum phosphorus was positively correlated with phosphorus knowledge score (r = 0.31,
P = 0.02), and negatively correlated with patient age (r = —0.34, P < 0.05). None of the patients, 11% of
the nurses and 27% of the nephrologists answered correctly all three questions regarding P, K and Na
dietary recommendations (P < 0.01).
Conclusions: The study confirms that hemodialysis patients have low renal nutrition knowledge while
higher nutritional phosphorus knowledge does not lead to lower serum phosphorus values. Alarmingly,
renal nurses have been found to have a similar level of knowledge with hemodialysis patients, something
that needs to be taken into account when training the new dialysis staff. Nephrologists have superior
knowledge; however they are still lacking essential nutritional knowledge that could affect patients' and
nurses’ overall understanding. Continuing education on nutrition of nephrologists and renal nurses could
improve nutrition care of hemodialysis patients.

© 2019 European Society for Clinical Nutrition and Metabolism. Published by Elsevier Ltd. All rights

reserved.

1. Introduction
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phosphorus levels are considered an important risk factor for car-
diovascular disease [3,4] and one of the major components of
chronic kidney disease mineral and bone disorder [5].

Even though during a typical hemodialysis session
600—1200 mg phosphorus can be removed [6], and phosphate
binding medication is able to bind approximately 200—300 mg of
phosphorus per day [7], hemodialysis patients need to monitor and
control their dietary phosphorus intake in order to achieve target
serum phosphorus levels [8]. Dietary phosphorus intake has been
shown to range from 1000 to 1800 mg depending on diet, cooking
methods and the consumption of foods with additives or not
[9—11].

Apart from phosphorus, hemodialysis patients are asked to
conform to multiple dietary restrictions regarding energy, protein,
fluid, sodium, potassium and calcium [12,13]. Due to the complexity
of dietary advice the majority of the patients are having difficulties
in understanding, applying and adhering in the long term [14,15].

In studies investigating hemodialysis patients’ nutritional
knowledge, it has been found that patients can not easily identify
foods that are high and low in phosphorus [16—18], and that
knowledge of phosphorus is the lowest compared to knowledge of
other nutrients important for the management of end stage renal
disease (sodium, potassium and fluid) [16,19,20].

Nephrologists and renal dietitians (where available) are the
main sources of dietary information for dialysis patients. Apart
from them, renal nurses are the ones closest to the patients and can
provide appropriate suggestions, advice, or recommendations [20],
while their role is deemed essential to identify and reinforce each
component of optimal care [13]. Nutritional knowledge of renal
nurses has been found to be superior to that of the patients’, but
phosphorus knowledge is poor [20]. Nephrologists' dietary phos-
phorus knowledge level has not been yet assessed and reported.

The purpose of the current study was to assess nutritional
knowledge, with a special focus in phosphorus, of hemodialysis
patients, nephrologists and renal nurses.

2. Materials and methods
2.1. Participants

Data were collected from 3 hemodialysis units in Greece (2
university hospitals and 1 general hospital). The study included
patients receiving hemodialysis 3 times a week for more than 3
months (46 male, 22 female), hemodialysis unit renal nurses
(working in the hemodialysis units for more than 6 months), and
unit nephrologists. Serum phosphorus, calcium data and albumin
data were obtained from patients’ last 3 recorded analyses closer to
the day of the study. A 3 month average value of serum phosphorus
and calcium was calculated for each patient. Nutritional status of
the patients was assessed using Subjective Global Assessment [21].

All patients had received general guidelines regarding diet in
dialysis by the unit nephrologists. None of the units was regularly

covered by a renal dietitian. The study was approved by all of the
three hospitals ethics committees.

2.2. Nutritional knowledge level evaluation

Nutritional knowledge was evaluated using a previously pub-
lished 25 item multiple - choice questionnaire, which includes 15
questions concerning phosphorus and 10 questions concerning
protein, sodium, and potassium (CKDKAT—N) [19]. Each correct
answer was worth one point. Apart from total score, knowledge
scores for phosphorus and the other nutrients were calculated.

The questionnaire was administrated by interview by a qualified
clinical dietitian (ZP). In 3 questions which included foods not
usually consumed in Greece, items were replaced with Greek foods
with the same nutrient profile using Greek food composition tables
[22] as suggested by the clinical dietitian.

2.3. Statistical analysis

One way analysis of variance (ANOVA) was used to compare
differences of the independent variables among groups. Tukey HSD
test was used for post hoc analysis. The Pearson correlation coef-
ficient was used to assess the relationship between the examined
variables. Data are presented as mean =+ standard deviation and the
significance was set at p < 0.05. Data was analyzed using the SPSS
Statistical Package version 22.

3. Results

Eighty eight patients, 32 nurses and 24 nephrologists initially
agreed to be interviewed, however, complete data was obtained
only from 68 patients (77.3%), 19 renal nurses (59.4%) and 11 ne-
phrologists (45.8%) due to availability reasons.

Patient characteristics are shown in Table 1. According to SGA,
72.1% of the patients were classified as well nourished (SGA-A),
26.5% as moderately malnourished (SGA-B) and 1.5% (1 patient) as
severely malnourished (SGA-C).

Patient, nurse and nephrologists' total, phosphorus, and the sum
of sodium, potassium and protein (rest section) CKDKAT—N
knowledge scores are shown in Table 2. Patients and nurses
answered correctly a greater percentage of questions related to
sodium, potassium and protein than those referred to phosphorus
(P < 0.01 for both groups). There were no differences between the
percentage of correct answers to phosphorus and the rest section of
CKDKAT-N for the unit nephrologists (73 + 16%, 75 + 18% respec-
tively). Correlation coefficients for total and phosphorus knowledge
scores in all three groups of participants (patients, nurses and
doctors) are shown in Table 3.

In patients, total knowledge score (max 25) and phosphorus
knowledge score (max 15) ranged from 6 (N =1)to 18 (N=1)and 2
(N = 1) to 12 (N = 1) respectively. Sixty nine percent (69%) of the
patients answered correctly more than half of all the questions,

Table 1
Patient characteristics.
Unit 1 Unit 2 Unit 3 Total

Age, yrs (N = 68) 54.8 + 13.2 554 + 13.8 483 + 154 52.5 + 14.4
Dry weight, kg (N = 68) 68.0 + 12.1 730+ 115 69.2 + 12.0 69.9 £ 11.9
BMI (N = 68) 244 + 4.1 243 +4.1 243 +42 244 + 4.1
Years in hemodialysis, yrs (N = 68) 7.9 + 6.8** 35+25 6.6 + 6.1 6.2 +5.8
Serum albumin, g/dL (N = 68) 4.1 + 0.3* 4.1+ 0.3* 44 +0.2 42 +0.3
Serum phosphorus, mg/dL, (N = 49) 52.+15 - 56.+14 54.+15
Ca x P, mg?/dL?, (N = 49) 49.2 + 146 - 50.1 + 12.2 49.7 + 132

*P < 0.05, **P < 0.01.
Data are presented as mean =+ SD.
Abbreviations: BMI: Body mass index, Ca x P: Calcium x phosphorus product.
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Table 2
Nutrition knowledge scores according to CKDKAT—N.

Patients Renal nurses Nephrologists
N 68 19 11
Total score (max = 25) 132 +28* 14.1 + 2.8* 19.1 +3.6
Phosphorus score (max = 15) 7.3 £ 2.0** 7.6 + 2.2 10.6 + 2.7
Rest score (max = 10) 6.0 + 1.4* 6.4 + 1.5 85+ 1.6
Sodium questions score (max = 6) 42 + 1.0"* 43+09* 53+ 09
Protein questions score (max = 2) 0.7 + 0.5**1 1.2 +08* 1.7 £+ 0.5
Potassium questions score (max = 2) 1.1 +0.6 0.9+ 0.7 1.5+0.7
% correct answers in dietary K recommendations question 31% 42% 55%
% correct answers in dietary Na recommendations question 25%** 47% 73%
% of correct answers in dietary P recommendations question 31%* 37% 73%
% of correct answers in all three K, Na and P dietary recommendations questions 0%** 11%** 27%
% of false answers in all three dietary K, Na, and P recommendations questions 28%** 26%** 0%
% of correct answers in desired serum phosphorus level question 72% 63% 100%

*P < 0.05 from Nephrologists, **P < 0.01 from Nephrologists, 'P < 0.01 from Renal nurses.

Data are presented as mean + SD.

Table 3
Pearson correlation coefficients for total, phosphorus and rest nutritional knowledge
scores in hemodialysis patients, renal nurses and nephrologists.

N Total vs Phosphorus Phosphorus vs Rest
Patients 68 0.868* 0.33*
Renal nurses 19 0.86* non significant
Nephrologists 11 0.97* 0.85*
All 98 0.91* 0.49*

*P < 0.01.
Data are presented as mean + SD.

whereas no patient had a total score >20. In renal nurses, total and
phosphorus knowledge scores ranged from 6 (N = 1) to 17 (N = 4)
and 1 (N = 1) to12 (N = 1) respectively. Seventy four percent (74%)
of the nurses answered correctly more than half of the CKDKAT—N
questions, whereas no one had a total score >20. In nephrologists,
total and phosphorus knowledge scores ranged from 12 (N = 1) to
25 (N =1)and 7 (N—1) to 15 (N = 1) respectively, and 36% of the
doctors had a total CKDKAT—N score >20.

In patients there were no differences in any of the measured or
calculated variables between sexes, and the only significant dif-
ference in knowledge scores between different hemodialysis units
was that Unit 3 patients had significantly higher CKDKAT—N
phosphorus knowledge scores compared with Unit 1 and 2 pa-
tients (8.2 + 1.5 vs 6.7 + 2.1, respectively, P < 0.02).

Patient age ranged from 18.8 to 79.9 yrs, and hemodialysis
duration ranged from 0.3 to 27 yrs. When patients were categorized
according to age (<40 yrs, 40—60 yrs and >60 yrs), the ones in the
middle category (40—60 yrs) had significant higher total knowl-
edge scores compared with patients > 60 yrs (P < 0.05), and higher
phosphorus knowledge scores compared with both the other
groups (P < 0.05). Total knowledge scores were: 14.2 + 2.1,
15.0 + 2.7,12.7 + 3.0, and phosphorus scores: 7.6 + 1.4, 7.8 + 1.9 and
6.3 + 2.1 for patients <40, 40—60 and > 60 yrs respectively. There
were no significant correlations between duration of dialysis and
total or phosphorus knowledge scores.

Thirty nine percent of the patients for whom serum phosphorus
values were available had levels above 5.5 mg/dL.

Serum phosphorus was positively correlated with phosphorus
knowledge score (r = 0.31, P = 0.02), and negatively correlated with
patient age (r = —0.34, P < 0.05). Patients with serum phosphorus
>5.5 mg/dL tended to have higher phosphorus CKDKAT—N
knowledge scores compared to those with serum phosphorus
<5.5mg/dL (8.1 + 1.3 vs 7.0 + 2.2 mg/dL, P = 0.61).

Even though none of the patients had a serum albumin value
below 3.6 mg/dL, there was a significant difference in serum

albumin values between patient age groups (P < 0.05), with pa-
tients aged >60 yrs having significantly lower serum albumin
compared to the patients aged 40—60 yrs (4.1 + 0.3 mg/dL vs
4.3 + 0.25 mg/dL respectively, P < 0.05).

There were no significant correlations between SGA nutritional
status classification and albumin, and serum phosphorus and SGA
or albumin.

4. Discussion

This is the first study to assess renal nutrition knowledge among
hemodialysis patients, nephrologists and renal nurses. The findings
of the current study reveal that for the current cohort of partici-
pants, hemodialysis patients' renal nutritional knowledge level is
low, while phosphorus knowledge is much lower compared to
sodium, potassium and protein knowledge overall. This was also
the case for renal nurses, whose total and phosphorus knowledge
scores did not differ from the respective patients' scores. Ne-
phrologists, as expected, had superior nutritional knowledge
compared to both patients and nurses, but they had a wide range of
total and phosphorus knowledge scores, and most of them could
not accurately identify the dietary recommendations for hemodi-
alysis patients regarding sodium, potassium and phosphorus [5].

Our results for the hemodialysis patients’ phosphorus nutri-
tional knowledge are in agreement with the results from the two
previous studies that used the CKDKAT-N questionnaire [19,20].
Similarly, other studies in which other questionnaires were used in
order to evaluate nutritional knowledge, have also confirmed that
hemodialysis patients' phosphorus nutritional knowledge is low. In
one study, 74% of the patients failed to identify foods rich in
phosphorus [16], whereas in the study of Durose et al., the mean
patient score for knowledge of phosphorus dietary restrictions and
medical complications of noncompliance with dietary guidelines
was found to be low (53.4%) [18].

Renal nurses' total and phosphorus scores were similar, albeit a
little lower with the ones found by previous studies [20].

Based to the findings of the current study, it seems that the
phosphorus-related knowledge score is lower that the respective
score related to potassium, sodium and protein. This may be due to
the fact that phosphorus is widely spread in nature and foods, and
is ingested both as a natural component and as a food additive
[7,11,23,24]. In addition, the recommendations for higher protein
intake are often difficult to dissociate from recommendations for
low phosphorus intake, since dietary phosphate restriction has the
potential to compromise adequate intake of protein [25—27].

In our study the positive correlation between phosphorus
nutritional knowledge and serum phosphorus levels adds to the
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argument that dietary knowledge seems to help to affect serum
phosphorus levels only when patients are ready to make nutrition
changes and to follow dietary advice [23]. Similarly to our results,
other studies have reported that better knowledge does not always
translate to better adherence to dietary advice and recommended
serum phosphate levels [20,24]. Moreover, other studies have
found that the hemodialysis patients with higher level of phos-
phorus food content knowledge and those who exhibit high serum
phosphorus complications are the ones with the poorest compli-
ance [18,24].

Another argument for the disagreement of phosphorus nutri-
tional knowledge and serum phosphorus levels might arise from
the fact that our results, and that of others, show that older pa-
tients seem to have lower serum phosphorus despite worse
phosphorus nutritional knowledge [17,24]. However, since serum
phosphorus levels have been found to be highly correlated with
dietary protein intake [26,27], low serum phosphorus in older
patients might not be affected so much by phosphorus knowledge
as from lower protein intake. Our results showing that patients in
the older age group had significantly lower albumin compared to
younger patient add to that argument, since albumin has been
found to be one of the determinants of serum albumin in hemo-
dialysis patients [28].

However, as shown by a number of studies, educating hemo-
dialysis patients about phosphorus can lead to a decrement in
serum phosphorus levels [16,23,29—36]. In a review and meta-
analysis of studies using different educational strategies to reduce
serum phosphorus in dialysis patients it is concluded that any
educational intervention results in a 0.72 mg/dL reduction in serum
phosphorus; and that the reduction increases to 1.07 mg/dL when
educational interventions last over 4 months [35]. This could be of
significant importance for patients, since it has been found that
1 mg/dL increase in serum phosphorus increases mortality by 5—8%
in this patient population [37,38].

A closer look to the individual CKDKAT-N answers revealed that
the weakest point in nephrologists nutritional knowledge was
phosphorus food content, since less than 50% of nephrologists
answered correctly 5 from the 9 questions regarding foods high and
low in phosphorus (range of correct answers 18—45% in these 5
questions). Renal dietitians are the most qualified health care pro-
fessionals to provide nutritional education for hemodialysis patients,
however renal dietitians' presence in hemodialysis units varies
greatly among European countries [39]. The burden and re-
sponsibility of patient nutritional education falls to nephrologists,
even though renal nurses could play an important role due to their
proximity to the patients. It is important to point out that clinical
nutrition modules are not part of every medical or nursing school
curricula, and when they are available they are frequently described
asinadequate [40]. We have recently reported that from the 7 medical
schools in Greece only one includes a nutrition course as compulsory,
3 as elective and the rest do not include a nutrition course in their
undergraduate curricula [41]. Data from the U.S.A. have also reported
that even though the majority of nephrology trainees perceive
nutrition training as somewhat or very important, more than 50% of
them perceive their nutrition training as inadequate [42].

As far as Greek nursing schools are concerned, 20% do not
include a nutrition course, 40% include it as elective and only 40% as
a compulsory course in their undergraduate curricula [41]. Also, in
Greece there is no specialization in renal nursing and in order to be
considered a specialized renal nurse one has to have practical
training in hemodialysis units for at least 6 months whereas no
theoretical courses are required. This could change in the following
years since a postgraduate course in renal patient care led by one of
the researchers of the study which is mainly addressed to nurses
has recently commenced.

This was the first study to assess nephrologists' along with renal
nurses' and hemodialysis patients’ renal nutrition knowledge. Our
results are limited by the small number of participants and would
require larger scale studies to be further confirmed. We could not
perform correlation analysis between patient and nephrologists'
knowledge scores due to the small number of nephrologists
completing the CKDKAT-N questionnaire, however the better
phosphorus knowledge scores of the patients of Unit 3 could be
partially attributed to the higher total and phosphorus knowledge
scores of the nephrologists of the same unit compared with Unit 1
counterparts (21.4 and 12.4 vs 17 and 8.8 respectively).

Low level of phosphorus knowledge among hemodialysis health
care staff, could negative affect patients adherence to phosphorus
guidelines and jeopardize their overall health. Renal dietitians
should be a part of every hemodialysis unit or at least routinely visit
units for nutritional assessments and patient training. Along with
dietitians, nephrologists and nurses should take part in continuing
education programs on nutrition in order to better care for patients
dealing with one of the most deliberating diseases.
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