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Individuals Undergoing Hemodialysis
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Objective: This study aimed to evaluate the effect of a nutritional intervention, based on the transtheoretical model, on the metabolic

markers and dietary intake of individuals undergoing hemodialysis (HD).

Methods: Intervention study at a nephrology clinic includes 83 individuals undergoing HD, over a period of 4 months. The nutritional

intervention based on the transtheoretical model was composed of two group meetings and three individual ones, with delivery of

personalized food plans and nutritional education activities. Anthropometry, dietary intake, metabolic markers, and stage of behavior

change were evaluated before and after nutritional intervention.

Results: There was a significant change from the stage of contemplation to the stage of action, after the intervention (P, .001). There

was a significant reduction in serum concentrations of creatinine and predialysis and postdialysis urea (P, .001). Hyperphosphataemia

and hyperkalemia in the group were also significantly reduced as were markers related to bone metabolism (P , .001). The markers of

iron metabolism (P, .001), protein (P5 .042), and globulin (P, .001) showed a significant increase. Regarding food consumption, the

caloric intakes (P5 .034), cholesterol (P5 .034), protein, and lipid as well as intake of iron, phosphorus, potassium, copper, and vitamin

C (P , .001) were significantly higher after intervention.

Conclusions: The nutritional intervention based on the transtheoretical model promoted a change in the behavior of individuals un-

dergoing HD, with an important improvement in their metabolic control. This can be explained by the significant change in the intake of

calories, macronutrients, andmicronutrients, aswell as adequate use of phosphorus binders, indicating the crucial role of nutrition in this

group.

� 2019 by the National Kidney Foundation, Inc. All rights reserved.
Introduction

END-STAGE KIDNEY DISEASE (ESKD) is a major
global public health problem, due to the significant in-

crease in prevalence rates and incidence.1 Individuals with
ESKD treated with hemodialysis (HD) have metabolic dis-
orders directly because of renal dysfunction. The frequent
metabolic and hormonal complications include protein-
energy wasting (PEW), inflammation, acidosis, hyperkale-
mia, chronic kidney disease–mineral and bone disorder
(CKD-MBD), anemia, and uremic symptoms, which
have a significant impact on the morbidity and mortality
of these individuals.2-4
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Thus, nutritional care plays a fundamental role in the
treatment of ESKD. Dietary therapy in HDmainly involves
controlling the consumption of food sources of protein, so-
dium, potassium, and phosphorus, as well as maintaining
adequate nutritional and metabolic status of the patient,
enabling the control of nutritional status and hydroelectro-
lytic and mineral disorders, and reduced production of ni-
trogen slags and uremic symptoms.5-7 However, adherence
to nutritional therapy in ESKD is a major challenge for the
patient and their families, as it involves a wide dietary and
behavioral change.7 Studies have identified many nutri-
tional transgressions and low adherence to a new eating
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pattern in individuals undergoing HD, which imply com-
plications associated with the disease, such as edema, dys-
pnea, and bone pain, among others.8,9

In this context, the behavioral change stage model, also
known as transtheoretical model, is an important method
of investigating behavior.10 The premise of the model is
that behavior change is a process rather than an event,
and that to change, a certain level of motivation or prep-
aration should be provided. People at different points in
this process can benefit from different interventions that
are in line with their current stage.11 The use of these
stages of behavior change in nutritional interventions al-
lows directing the intervention to each of the stages,
which can be used as indicators of the effects of an inter-
vention, represented by the advancement of the individ-
ual’s classification in the stages of behavior change.12

However, there are not many reports in the literature
concerning the use of the transtheoretical model to
change eating behavior in individuals undergoing
HD.13-16

Overall, this study aimed to evaluate the effect of a nutri-
tional intervention, based on the transtheoretical model, on
the metabolic markers and dietary intake of individuals un-
dergoing HD.

Methods
Subjects

This was an intervention study with nonprobabilistic
convenience sampling performed at a nephrology clinic
during the 4-month period. A total of 83 individuals un-
dergoing HD participated in the study.

The study was carried out with individuals undergoing
HD older than 18 years, who are regularly attended at the
nephrology clinic. Individuals who did not show interest
in participating in the study, with a treatment time of less
than 1 month, hearing loss, newly implanted catheters,
and hemodynamic instability evaluated by the physician
were not included.

The study was approved by the Human Research Ethics
Committee of the Universidade Federal de Viçosa (proto-
col number: 27364314.8.0000.5153) and by the staff of the
Nephrology area. All participants read and signed the
informed consent form.

Nutritional Intervention Based on the
Transtheoretical Model

The nutritional intervention with individuals undergo-
ing HD was composed of five meetings (2 groups and 3 in-
dividuals) for a period of 4 months. At the end of the
intervention, a conversation wheel was performed with
family members and companions (Figure 1).

Behavior Change Stage
Eating behavior was evaluated before and after the

intervention period through interviews. For that, an algo-
rithm was used for the stages of change of behavior to
classify the participants between the stages. Stages of
change were classified into five groups: precontemplation,
contemplation, preparation, action, and maintenance, ac-
cording to Prochaska et al.11 The algorithm used con-
sisted of questions to the participants, which allowed to
classify the participants into: (1) precontemplation stage,
individuals who did not follow the orientations and did
not think about changing this behavior, (2) stage of
contemplation, those who had intention to change in a
period of up to 6 months, (3) stage of preparation, those
who showed the intention to change the behavior in the
next month, (4) stage of action, individuals who followed
the orientations in a period less than 6 months, and (5)
maintenance stage, those who followed the orientations
in a period of 6 months or more.
From the identification of the stage that the patient was

in, it was possible to establish individualized goals and
strategies to assist in the progression to another stage
(Figure 2). For analyzes in this study, the stages were
grouped into two categories: active (action and mainte-
nance) and inactive (precontemplation, contemplation,
and preparation).10
Individual Meetings: Personalized Food Plan
and Orientations
A trained dietitian developed a personalized food plan,

and daily energy requirement of each individual was calcu-
lated as per the recommendation proposed by National
Kidney Foundation - Kidney Disease Outcomes Quality
Initiative.17

To calculate the protein requirement, we adopted 1.1 to
1.2 g/kg adjusted weight/day.17 Lipid recommendation for
individuals with hyperlipidemiawas used.18 Total fibers and
micronutrients were prescribed as per Fouque’s recom-
mendations.19 The macronutrient and micronutrient rec-
ommendations used to calculate dietary prescriptions are
listed in Table S1. Diet plans were calculated using DietPro
software, version 5.8.
During the first consultation, individuals received

personalized diet plans, according to eating habits, behav-
iors, and metabolic and anthropometric markers. They
were also instructed on the control of sodium, potassium,
phosphorus, and liquids, as well as were provided with a
printed form containing these orientations. Participants
also received a food replacement list, specific for patients
with renal disease in which fruits and vegetables were sepa-
rated according to the potassium content.20

In the subsequent individual consultations, necessary ad-
justments were made in the food plan, according to the
stage of change, and a record of the evolution of each pa-
tient was performed, according to testimonials. The indi-
viduals were followed up and supervised for four months
by the same dietitian who developed the diet plans.



Figure 1. Study design. FICF, free informed consent from; IWG, interdialytic weight gain.
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Group Meetings: Phosphorus, Potassium, and
Sodium Workshops
To increase knowledge and stimulate the adoption of

healthy dietary practices for patients with renal disease,
two nutritional education workshops were carried out ac-
cording to the stage of change. As most participants (42.2%)
were in the contemplation stage for food behavior, specific
materials were used for this stage, to obtain more satisfac-
tory results, as previously reported.21

The nutritional education activities were carried out
during the HD sessions by trained dietitians, collectively
in groups of four to six participants and it was divided
into two meetings: the first was on phosphorus and con-
sisted of three stages. In the first stage, a trained dietitian
applied the semistructured questionnaire for the evaluation
of knowledge. The questionnaire consisted of four ques-
tions about the definition of phosphorus, consequences
of hyperphosphatemia, phosphorus-rich foods, definition
and proper use of phosphorus binders, and measures to
Figure 2. Behavior stage
reduce serum phosphorus concentrations (Table S1); the
second stage was a lecture on the definition of phosphorus,
the consequences of hyperphosphatemia, foods rich in
phosphorus, the definition and proper use of phosphorus
binders, and measures to reduce serum phosphorus con-
centrations. In the third stage, the semistructured knowl-
edge assessment questionnaire was applied again. The
knowledge assessment questionnaire applied before and af-
ter the activity had a total score of 4.8 points, with each
question being equivalent to 1.2 points.
The second meeting consisted of two stages. The first

stage addressed aspects on the influence of potassium on
ESKD and, initially, a problem situation was presented,
which contained the foods with low, medium, and high
content of this mineral, the consequences of hyperkalemia
and techniques to reduce potassium in food. Then, an ac-
tivity was performed using the nutritional advices in accor-
dance with the traffic light system in which foods were
categorized as green (low potassium concentration), yellow
change algorithm.



Table 1. Sociodemographic, Clinical, and Metabolic Characteristics of the Sample Studied at the Baseline, According to
Behavior Change Stage (n 5 83)

Variables Active (n 5 22) Inactive (n 5 61) P

Age (Years) 63.64 6 16.31 60.10 6 14.34 .342
HD time (months) 69.45 6 55.90 71.05 6 55.86 .909

Male (%) 23.6 76.4 .282

Dry Weight (kg) 59.43 6 12.11 62.43 6 10.58 .277

BMI (kg/m2) 22.77 6 2.89 23.96 6 3.95 .199
IDWG (kg) 1.82 6 0.74 2.39 6 0.96 .014*

nPNA (g/kg/d) 0.66 6 0.15 0.65 6 0.17 .831

DM (%) 21.4 78.6 .318
SAH (%) 21.9 78.1 .311

Use of phosphorus binders (%) 26.6 73.4 .715

Nutritional supplement (%) 20.0 80.0 .474

Calcium (mg/dL) 8.54 6 0.88 8.39 6 0.77 .468
Creatinine (mg/dL) 8.54 6 2.59 9.38 6 2.86 .234

Phosphorus (mg/dL) 5.29 6 1.06 5.19 6 1.49 .774

Glucose (mg/dL) 188.50 6 61.50 161.04 6 89.46 .484

Red blood cells (millions/mm3) 3.63 6 0.73 3.60 6 0.69 .844
Hemoglobin (g/dL) 11.24 6 1.87 10.79 6 1.94 .342

Hematocrit (%) 33.41 6 5.35 32.27 6 5.91 .427

Leukocyte (thousand/mm3) 7254.5 6 2643.0 6677.0 6 2068.1 .301
Serum potassium (mEq/L) 5.43 6 0.81 5.72 6 1.00 .217

Predialysis urea (mg/dL) 117.86 6 21.33 116.48 6 27.27 .830

Postdialysis urea (mg/dL) 36.54 6 12.32 38.00 6 12.72 .644

Iron (mg/dL) 68.22 6 31.89 69.74 6 36.91 .865
Ferritin (ng/mL) 764.80 6 586.44 650.02 6 384.85 .304

Albumin (g/dL) 3.97 6 0.29 4.00 6 0.30 .728

Kt/V 1.53 6 0.40 1.45 6 0.31 .399

Calcium–phosphorus product (mg2/dL2) 45.02 6 9.54 43.40 6 13.57 .610
Alkaline phosphatase (U/I) 211.6 6 237.9 163.8 6 148.9 .278

Protein (g/dL) 7.06 6 0.44 7.06 6 0.45 .944

Globulin (mg/dL) 3.12 6 0.29 3.09 6 0.32 .681
Saturation of transferrin (U/I) 22.64 6 9.28 23.09 6 8.04 .833

Hyperphosphatemia (%) 27.7 72.3 .494

Hyperkalemia (%) 32.4 67.6 .419

BMI, body mass index; IDWG, interdialytic weight gain; nPNA, normalized protein nitrogen appearance; DM, diabetes mellitus; SAH, systemic
arterial hypertension; HD, hemodialysis.

P, Mann–Whitney test or Student’s t-test and chi-square or Fisher’s exact test.

Data presented in mean 6 standard deviation and relative frequency.

*It presented a statistically significant difference (P , .05).
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(medium potassium concentration), and red (high potas-
sium concentration) foods. The second stage was on so-
dium, and a lecture was given on the definition,
consequences of excess sodium, sodium-rich foods, and
how to reduce this mineral in food. Subsequently, a prac-
tical demonstration of the amount of sodium in food was
performed. For this educational activity, we have used
glasses with the amounts of sodium present in the following
foods: seasonings, instant noodles, sausages, and ready-to-
eat products. At the end of the nutritional intervention,
an activity was organized in the form of a set of conversa-
tion, intended for the relatives and companions of the
participants.

Data Collection
The individuals were subjected to a semistructured inter-

view, with the application of a sociodemographic and
health questionnaire. Anthropometry, dietary intake, inter-
dialytic weight gain (IDWG), metabolic markers, and stage
of behavior change were evaluated before (time 0) and after
the nutritional intervention (4th month) (Figure 1). Body
mass index was calculated and classified.22,23 The IDWG
was also collected from the medical records, being consid-
ered as the adequate increase of 2.0% to 4.5% in relation to
the dry weight.17 The average of the monthly IDWG was
performed.
The metabolic markers were collected from the med-

ical records of the nephrology clinic: serum concentra-
tions of calcium, creatinine, phosphorus, glucose, red
blood cells, hemoglobin, hematocrit, leukocytes, potas-
sium, predialysis and postdialysis urea, iron, ferritin, al-
bumin, phosphatase alkaline, protein, globulin,
transferrin saturation, calcium–phosphorus product, and
Kt/V values. For hyperphosphatemia and hyperkalemia,



Figure 3. Stage of change in eating behavior of hemodialysis subjects before and after nutritional intervention (n5 83).*P, .001
by the McNemar test.
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phosphorus and potassium serum concentrations above
5.5 mg/dL and 5.5 mEq/L, respectively,24,25 were
considered.
To assess dietary intake, three dietary recalls (2 days a

week, 1 day on dialysis and 1 day without dialysis, and 1
weekend) were applied by interviewing a dietitian before
and after the 4-month intervention. For some elderly in-
dividuals, the interview was performed with the help of
the family member or caregiver. Participants were also
Table 2. Metabolic Markers of the Studied Sample Before and Af

Variables Pre-interven

Calcium (mg/dL) 8.4 6 0.8
Creatinine (mg/dL) 9.2 6 2.8

Phosphorus (mg/dL) 5.2 6 1.4

Glucose (mg/dL) 166.2 6 84

Hemoglobin (g/dL) 10.9 6 1.9
Hematocrit (%) 32.6 6 5.8

Leukocyte (thousand/mm3) 6830.1 6 22

Potassium (mEq/L) 5.7 6 1.0

Predialysis urea (mg/dL) 116.8 6 25
Postdialysis urea (mg/dL) 37.6 6 12

Iron (mg/dL) 69.3 6 35

Ferritin (ng/mL) 680.4 6 44
Albumin (g/dL) 4.0 6 0.3

Kt/V 1.5 6 0.3

Calcium–phosphorus product (mg2/dL2) 43.8 6 12

Alkaline phosphatase (U/I) 176.5 6 17
Protein (g/dL) 7.0 6 0.4

Globulin (mg/dL) 3.1 6 0.3

Saturation of transferrin (U/I) 23.0 6 8.3

Hyperphosphatemia (%) 41.0
Hyperkalemia (%) 56.6

P, Paired t-test or Wilcoxon. McNemar for proportion.

Data presented in mean 6 standard deviation and relative frequency.

*It presented a statistically significant difference (P , .05).
asked about the use of additional oil, additional sugar, en-
ergy supplements, and calcium supplementation. Portion
size was determined with the help of a food photo album.
Thus, food intake was then converted to grams, and nutri-
ents were analyzed using DietPro software, version 5.8.
Protein intake was also estimated by the calculation of
the normalized protein nitrogen appearance (g/kg/
day),5 considering adequate protein intake for values
above 1.2 g/kg/day.17,19
ter 4-Month Nutritional Intervention (n 5 83)

tion Post-intervention P

8.3 6 0.7 .026*
7.0 6 2.3 ,.001*

4.3 6 1.1 ,.001*

.8 130.2 6 64.4 .891

11.7 6 1.9 ,.001*
36.1 6 6.0 ,.001*

32.6 6060.2 6 1874.1 ,.001*

5.0 6 1.0 ,.001*

.7 97.6 6 28.9 ,.001*

.6 31.8 6 10.9 ,.001*

.5 72.1 6 35.5 .152

6.1 737.4 6 476.7 .057
3.7 6 0.4 ,.001*

1.4 6 0.3 .195

.6 35.9 6 9.5 ,.001*

6.5 142.3 6 136.1 ,.001*
7.2 6 0.6 .042*

3.5 6 0.6 ,.001*

33.0 6 17.0 ,.001*

10.8 ,.001*
28.9 ,.001*



VAZ DE MELO RIBEIRO ET AL6
Statistical Analyses
Results are presented as mean (standard deviation) or

median (interquartile range), according to the distribution
of variables, determined by the Shapiro–Wilk test.
Qualitative variables were described by relative frequency
(%).

The main characteristics of individuals undergoing HD
in the baseline, according to age, were evaluated using
the Mann–Whitney test or Student’s t-test and chi-square
or Fisher’s exact test. The change in metabolic control
and food intake variables after the intervention was evalu-
ated by the paired t-test or theWilcoxon test. All the nutri-
ents evaluated in this study were adjusted by daily caloric
intake by residual method26 before the analyses were
performed.

Data on behavior change stages collected before and after
the interventionwere compared by theMcNemar test. The
data were processed and analyzed in SPSS software, version
20.0, adopting the significance level a ,5%.
Results
Among the 83 subjects included in the study, the major-

ity was men (66.3%). The mean age was 616 15 years. The
most frequent etiology of ESKD was hypertensive nephro-
sclerosis (38.6%). Regarding weight status, most of the in-
dividuals were of normal weight (50.6%), followed by
underweight (26.5%) and overweight (22.9%).
Figure 4. Serum phosphorus (A and B) and potassium (C and D) o
vention (4 months) according to age and behavioral stage. Differen
Wilcoxon test (*P , .05) by the Mann-Whitney test.
When comparedwith eating behavior at the baseline, the
inactive individuals presented higher IDWG than the active
ones (Table 1). Data on dietary behavior for the control of
phosphorus, potassium, sodium, and liquids show that there
was a statistically significant (P , .001) movement of the
contemplation stage, observed in the preintervention, to
the action stage, after 4 months of intervention (Figure 3).
When applying the semistructured questionnaire to

evaluate the knowledge about phosphorus (containing 4
questions worth 1.2 points each), the average score of the
questionnaire after the educational activity was statistically
higher, compared with the questionnaire applied before
(4.1 vs. 1.6 points, respectively, P, .001). The proportion
of correct answers was 33.6% before the educational activ-
ity and 85.9% after the educational activity. The questions
that presented the greatest number of errors and correct an-
swers before the educational activity were the use of binders
(mean of errors of 95.1%) and consequences of hyperphos-
phatemia (average of 50% correct answers), respectively. Af-
ter the educational activity, the questions with the greatest
number of hits were those related to meals in which the
binders should be taken (94.6%), followed by foods rich
in phosphorus (94.1%). When compared between the
sexes, the women had more correct answers than the men
(3.10 vs. 2.10 points, P 5 .021). Individuals with HD
time ,5 years had a greater number of hits compared
with individuals undergoing HD time $5 years (2.69 vs.
1.95 points, P 5 .02).
f hemodialysis subjects before and after the nutritional inter-
t letters are to indicate significant difference (P , .05) by the



Table 3. Daily Food Consumption of Hemodialysis Subjects Before and After Nutritional Intervention (n 5 83)

Variables Pre-intervention Post-intervention P

Energy (Kcal/kg/day) 22.7 (17.5-32.3) 24.7 (21.3-31.5) .034*

Carbohydrate (% EI) 55.6 (48.8-62.1) 45.5 (39.5-52.5) ,.001*
Protein (g/kg of dry weight) 0.88 (0.73-1.04) 1.05 (0.85-1.23) ,.001*

Lipids (% EI) 32.8 (26.2-39.7) 39.7 (34.4-43.8) ,.001*

Monounsaturated fat (% EI) 9.3 (7.4-11.1) 12.1 (10.5-14.4) ,.001*

Polyunsaturated fat (% EI) 14.1 (9.5-17.6) 13.4 (10.0-16.0) ,.001*
Saturated fat (% EI) 9.0 (6.9-10.5) 10.0 (8.6-11.7) ,.001*

Alfa-linolenic acid (g/day) 2.0672 6 0.77 2.22 6 0.76 .077

Linolenic acid (g/day) 17.67 6 7.62 19.67 6 6.95 .015*
Cholesterol (mg/day) 95.6 (48.9-143.1) 137.1 (85.7-210.0) .004*

Fiber (g/day) 19.5 (13.8-27.9) 20.1 (13.6-27.6) .942

Calcium (mg/day) 362.7 (269.1-539.2) 418.1 (296.0-615.3) .253

Iron (mg/day) 5.2 (3.9-6.3) 7.0 (5.3-9.0) ,.001*
Phosphorus (mg/day) 698.9 (580.7-801.0) 782.6 (617.5-902.5) ,.001*

Potassium (mg/day) 1784.3 (1493.4-2117.2) 2032.3 (1752.0-2548.3) ,.001*

Copper (mg/day) 0.6 (0.4-0.7) 0.7 (0.5-0.9) .045*

Magnesium (mg/day) 162.0 (133.7-192.7) 181.9 (154.2-230.3) .310
Sodium(mg/day) 1142.7 (823.1-1480.7) 1106.7 (791.7-1550.2) .813

Zinc (mg/day) 7.1 (4.6-8.8) 6.3 (4.6-11.5) ,.001*

Vitamin C (mg/day) 34.7 (13.0-89.4) 52.1 (13.3-124.5) ,.001*

EI, energy intake.
P, Paired t-test or Wilcoxon. Adjusted by energy.

Data presented in mean 6 standard deviation or median and interquartile range (P25-P75).

*It presented a statistical significant difference (P , .05).
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Regarding the metabolic markers, serum concentrations
of calcium, creatinine, phosphorus, potassium, predialysis
and postdialysis urea, albumin, calcium–phosphorus prod-
uct, alkaline phosphatase, and leukocyte count (within the
recommended range) were significantly reduced after
4 months of intervention. In turn, hemoglobin, hemato-
crit, transferrin saturation, protein, and globulin showed a
significant increase after the nutritional intervention
(Table 2). Interestingly, the individuals classified as active
in relation to the behavioral stage had a reduction in the
phosphorus concentration after the intervention, whereas
in the inactive individuals, the reduction was not verified
(Figure 4). The reduction in serum concentrations of creat-
inine, predialysis and postdialysis urea, phosphorus, and po-
tassium were also evaluated according to age (adults vs.
elderly), sex, and behavior change (active vs. inactive),
but there was no statistical difference in the comparison be-
tween groups for these variables.
Regarding food consumption, caloric intake, of pro-

teins, lipids (monounsaturated and saturated fats and lino-
leic acid), and cholesterol were high after nutritional
intervention, whereas consumption of carbohydrates,
polyunsaturated fat, and zincwas low. Among themicronu-
trients, the intake of iron, phosphorus, potassium, copper,
and vitamin C showed a significant increase after the inter-
vention (Table 3).

Discussion
This study aimed to evaluate the effect of a nutritional

intervention, based on the transtheoretical model, on the
metabolic markers and food consumption of individuals
undergoing HD. The first relevant result of this study was
the change in behavioral stages, from the contemplation
stage to the action stage, which indicates themost beneficial
behavior after a nutritional intervention.
Previous studies have also shown the effectiveness of

nutritional education programs in the stages of behavior
change in young adults,16,27 adult women,28 and individ-
uals with type 2 diabetes mellitus.29 Furthermore, the
adoption of healthy eating habits is essential in the treatment
of individuals undergoing HD, especially in the control of
phosphorus, potassium, sodium, and fluids. Thus, the trans-
theoretical model of behavior change can be a promising
tool to help understand the behavioral change related to
food and health.30

In a multicenter cross-sectional study (n 5 172), the ef-
ficacy regarding fluid control was greater when individuals
were characterized as actives.14 Karavetian et al.15 also
observed a significant improvement in both knowledge
and serum phosphorus [concentration] related to behavior
change (stage of preparation for action) after 6 months of
intensive education for individuals undergoing HD.15

Our outcomes are similars in which individuals considered
active after the intervention presented lower IDWG then
inactive individuals, suggesting a better control of fluid in
HD. Moreover, serum phosphorus concentration was
significantly reduced in the active group but not among
inactive participants.
In addition, we observed reductions in markers of nitro-

gen status (predialysis and postdialysis urea and creatinine)
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and serum potassium. Because the reduction of uremic
toxicity and hypercalcemia is one of most important pur-
poses of nutritional management in HD, this study showed
promising metabolic outcomes using transtheoretical
model. Casas et al.7 also observed a significant reduction
in serum potassium after a specific nutritional education
program developed for patients undergoing HD.7

In relation to bone metabolism, plasma phosphorus con-
centrations are commonly increased in ESKD, resulting in
hyperphosphatemia. In fact, lower vitamin D3 activation
and subsequent reduction in intestinal calcium absorption,
concomitant with hyperparathyroidism, and hyperphos-
phatemia, characterize a picture of metabolic bone disor-
der, which can result in osteodystrophy, neuropathy, bone
marrow suppression, and soft tissue mineralization.31,32

Given the great clinical challenge of controlling this disor-
der in HD,33,34 the data of this study are very favorable
because there was a significant decrease in the serum con-
centration of phosphorus, calcium-phosphorus product,
and alkaline phosphatase and significant reduction of hy-
perphosphatemia from 41.0 to 10.8%.

Treatment of hyperphosphataemia is based on phos-
phorus feed restriction and inhibition of intestinal phos-
phorus absorption by medication.35 In diet, the
recommendation of this mineral is up to 800 mg/day.24

As the recommended diet for these patients is high in pro-
tein, it becomes difficult to achieve restriction of phos-
phorus levels to a greater extent. Therefore, it is
necessary to combine dietary restriction with the proper
use of phosphorus binders.36 In this study, a better under-
standing of the correct use of phosphorus binders
was observed after the intervention, which may have
influenced the reduction of metabolic markers (serum
concentrations of phosphorus, alkaline phosphatase, and
calcium-phosphorus product). In this context, dietary
counseling should be routinely given to educate patients
about food sources of phosphorus, the consequences of
high phosphorus concentrations, and the correct use of
phosphorus binders. Some studies have obtained results
similar to those found in relation to the benefits of educa-
tional counseling in the management of hyperphosphate-
mia in patients undergoing HD.15,37-39

Regarding iron metabolism, serum concentrations of
hemoglobin and hematocrit increased after the interven-
tion. A possible explanation would be that metabolic disor-
ders associated with uremia may affect the production and
survival of red blood cells (for example, uremic toxins, para-
thyroid hormone, and PEW).40 Because individuals had a
reduction in uremic toxins, this metabolic change may
have affected, consequently, these parameters. Transferrin
saturation also increased after the intervention, probably
because of increased iron intake.

In this study, there was a reduction in relation to serum
albumin, although the frequency of low levels of albumin
(,3.0 g/L) remained. Because there was no evidence of
an extreme reduction in protein consumption, evidence in-
dicates that serum albumin concentration is much more
affected by nondietary factors, such as inflammatory and
catabolic processes, advanced age, comorbidities, hypervo-
lemia, urinary losses, and losses through the dialytic pro-
cess.41 For the total proteins and globulins, there was an
increase after the nutritional intervention.
Regarding food consumption, energy intake was higher

after the intervention, although it had not yet reached the
recommendation.17 Protein intake also increased after the
intervention, without reaching the recommendation of
1.1 to 1.2 g/kg adjusted weight/day.17 Our results are in
agreement with the results of the study by Luis et al.42

who observed that 77% and 50% of participants did not
consume the recommended amount of energy and protein,
respectively. Similar data were also found by Khoueiry
et al43 In fact, PEW, so prevalent among individuals sub-
jected to HD, contributes to multiple complications, such
as increasedmorbidity, mortality, and impairment of quality
of life,44 and low protein intake may be related to the most
restrictive nutritional counseling in the interest to improve
bone and mineral disease in HD.45 However, our results
were superior to those found by Khoueiry et al43 and Ther-
rien et al46 in relation to protein intake.
We also emphasize an increase in the intake of phosphorus

and iron, probably caused as consequence of the increase in
protein intake. Despite the increase of iron, this micronu-
trient did not reach the recommendation. However, phos-
phorus values remained within the recommended range,19

without affecting the significant improvement in the related
metabolic markers. In this sense, Khoueiry et al43 also
observed that the patient’s phosphorus intake in HD was
within the recommended range. Contrary to what was
observed in this study, Luis et al42 found excessive consump-
tion of phosphorus, calcium, sodium, and potassium.
In this study, therewas also an increase in the daily intake of

total lipids, saturated fat, monounsaturated fat, linoleic acid,
and cholesterol. However, total lipids, polyunsaturated fat,
and saturated fat presented values above the recommenda-
tion.18The polyunsaturated fat reduced after the intervention
but not enough to reach the recommendation. These results
agree with a recent report from the United States on women
undergoing dialysis.46 In the study by Luis et al42 was also
found an excess of fat consumption, mainly saturated fat
(92%).42 These findings may be related to the higher con-
sumption of proteins because the protein sources (dairy prod-
ucts and meats) also have significant amounts of fats.
In addition, our study patients showed higher intakes of

potassium and vitamin C after the intervention, probably
because of the increase in the consumption of fruits and
vegetables. However, potassium values remained within
the recommended range,19 not affecting the positive results
in the control of hyperkalemia. Vitamin C did not reach the
recommendation,19 as demonstrated also in the study by
Luis et al.42
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It is important to highlight that we believe that the change
in caloric, macronutrients, and micronutrients intake had a
direct effect on the metabolic improvements achieved.
Thus, nutritional intervention is an important instrument
for metabolic control because this increase of knowledge
combinedwith behavior changewill impact on the reduction
of complications associated with the disease and improve the
quality of life of these individuals. As our sample presented
features common to those described in studies with patients
undergoing HD, majority men and elderly,47,48 low in-
come,49 and low schooling,36,49 our methodology could be
replicable in other centers as promising as ours.
Despite the positive impact of the stages of food behavior

change for the control of phosphorus, potassium, sodium,
and fluids, this study has the limitation of not having a con-
trol group because of ethical issues imposed by the
nephrology area. As we know the importance of nutritional
interventions for metabolic control, we could not leave in-
dividuals on HD without receiving this treatment. In addi-
tion, we could not underestimate food composition tables
of the amount of phosphorus in processed foods (phos-
phorus additives). The application of the methodology in
the long term, as well as the evaluation of the maintenance
of the knowledge acquired and changes achieved are still
necessary.

Conclusion
In conclusion, the 4-month nutritional intervention,

based on the transtheoretical model, promoted the move-
ment of individuals undergoing HD from the contempla-
tion stage to the action stage, improving metabolic
control related to uremic toxins, bone metabolism, iron
metabolism, and hyperkalemia, which are relevant in
ESKD. A better understanding about nutrition in chronic
kidney disease, change in food consumption, and adequate
use of phosphorus binders may have a direct effect on the
metabolic control achieved.

Practical Application
This study will contribute effectively to improving the

metabolic markers of individuals undergoing hemodialysis
and consequently improving the quality of life. The nutri-
tional intervention based on the transtheoretical model
promoted a change in the behavior of individuals undergo-
ingHD, with an important improvement in their metabolic
control.
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Cr̂onica. S~ao Paulo: Manole; 2013:247-269.

6. Steiber AL. Chronic kidney disease. J Parenter Enter Nutr. 2014;38:418-

426.

7. Casas J, Rodrigues CIS, D’avila R. Nutritional education for chronic

renal failure patients in hemodialysis program. Nutrire. 2015;40:36-44.

8. Kugler C, Vlaminck H, Haverich A, Maes B. Nonadherence with diet

and fluid restrictions among adults having hemodialysis. J Nurs Scholarsh.

2005;37:25-29.

9. De Las Heras Mayoral MT, Rincon CM. Conocimiento y percepci�on

nutricional en di�alisis: Su influencia en la transgresi�on y adherencia; estudio

inicial. Nutr Hosp. 2015;31:1366-1375.

10. Madureira AS, Corseuil HX, Pelegrini A, Petroski EL. Associaç~ao en-
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