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Abstract
The role of nutrition becomes essential so that there are no implications for patients with Chronic Kidney Disease (CKD). It is necessary 
to prevent or control possible complications so that they do not affect the nutritional status of patients. This study aimed to characterize 
the anthropometric profile and analyze possible associations between energy, protein and phosphorus in patients undergoing hemodialysis. 
An observational, cross-sectional study was carried out in a private clinic in Natal/RN. Anthropometric and 24 h recall data were collected. 
Energy and phosphorus intake were below the K/DOQI recommendations, and protein was above. There was a positive correlation between the 
variables. It was seen that the adequacy of these nutrients in the diet is of great importance, as it helps to control complications in CKD. Thus, 
it is necessary to have dietary advice and the adequacy of these nutrients, so that patients become aware of its importance for the effectiveness 
of the treatment.
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Introduction
Chronic Kidney Disease (CKD) is defined as a syndrome that is 

characterized by a slow, progressive and irreversible loss of kidney 
function. It is classified using categories of the Glomerular Filtration 
Rate (GFR) [1]. Decline in renal function is due to renal parenchymal 
injury and/or reduction in GFR to a level below 60 mL/min/1.73 m2 
for a period equal to or greater than 3 months [2,3].

The main factors for development of CDK are diabetes mellitus, 
arterial hypertension, aging and family history of CKD. Presently, 
the most frequent cause is diabetic nephropathy, followed by arterial 

hypertension and chronic glomerulonephritis. The mortality rate in 
these individuals is high, with cardiovascular disease being the main 
cause of death [4].

CKD occurs worldwide, given that the number of individuals 
affected is growing more and more in developing countries [1]. 
The main complications of this pathology are systemic arterial 
hypertension, anemia, bone diseases, impaired reproductive function 
and decreased quality of life [5].

Treatment of CKD consists of conservative care, which is also 
known as palliative or non-dialytic care, or renal replacement 
therapies, in the form of hemodialysis, peritoneal dialysis or kidney 
transplantation.

Hemodialysis is the most used method for treatment of CKD and 
consists in removing fluids, metabolites, as well as other substances 
toxic to the body, when the kidney is unable to perform this function 
[6,7].

In patients undergoing hemodialysis, assessment of nutritional 
status is crucial. Body Mass Index (BMI) is one of the most used 
anthropometric methods. However, in renal patients, the values 
indicated by the BMI may be distorted in the presence of fluid 
retention [8]. 

Nutritional monitoring is indispensable for patients on 
hemodialysis, as it helps to control and prevent complications of CKD. 
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During hemodialysis, there are significant losses of nutrients, which 
may lead to Protein-Energy Malnutrition (PEM); thus, these patients 
need adequate calorie and protein intake because PEM is associated 
with higher rates of morbidity and mortality [9,10].

While protein requirement is increased to prevent malnutrition, 
it hinders the supply of adequate phosphorus levels, a fact that 
contributes to the emergence of hyperphosphatemia, which can 
lead to some associated pathologies such as vascular calcifications, 
osteoarthritis, secondary hyperparathyroidism, osteomalacia and 
hypercalcemia [11].

In this context, the present study can provide further insights into 
the possible association between energy, protein and phosphorus to 
assist in the treatment of CKD and prevent possible implications.

Therefore, the aim of the present study was to evaluate the 
characterization of the anthropometric profile and to analyze possible 
associations between energy, protein and phosphorus in patients with 
chronic kidney disease undergoing hemodialysis.

Methods
Type of research

This is an observational, cross-sectional study carried out in a 
private clinic located in the city of Natal, Rio Grande do Norte state, 
Brazil. 

Universe and sample
After approval by the Research Ethics Committee, 40 patients with 

Chronic Kidney Disease undergoing hemodialysis were analyzed. 
These were the inclusion criteria: patients over 18 years of age with 
CKD undergoing hemodialysis, without clinical complications or 
treatment interruption, and able to communicate and answer the 
questions they were asked. 

Patients were excluded if they had visual or neurological problems 
that made it impossible for them to answer the questionnaires, of if 
they were wheelchair users or patients on stretchers. The patients who 
agreed to participate in the research signed an Informed Consent 
Form (ICF) (Appendix A). 

Data collection instrument and technique
Anthropometric assessment: A form (Appendix B) was used to 

collect data on nutritional (anthropometric and dietary) profile, in the 
same room where hemodialysis sessions are held. The anthropometric 
assessment was performed after the hemodialysis session to collect 
information on weight and height for calculation of the Body Mass 
Index (BMI).

The patients were weighed on a Toledo digital scale® with 200 
kg maximum weight capacity, while wearing minimal clothing and 
no shoes. Height was measured using a stadiometer (attached to the 
scale). The patients were placed in an upright position with their arms 
to the side, placed slightly apart from the body, with their back against 
the wall and their head in the Frankfurt plane. Data on weight and 
height were used for calculation of BMI, which was defined according 
to the World Health Organization (WHO, 1995 and 1997).

Dietary assessment: Dietary profile was assessed with the 24 
h dietary recall method. The interviewees were asked to verbally 
describe all of their food and drink intake in the previous 24 h. Food 
was recorded in household measures and portions and then converted 
into grams for nutrient analysis. Next, the data were entered into a 
Microsoft Excel spreadsheet designed for dietary assessment.

Data were collected regarding the intake of total calories, proteins 
(total protein and protein percentage in the Total Caloric Value 
(TCV)) and phosphorus. For conversion of calories and grams of 
protein into kcal/kg/day and g/kg/day, respectively, the amounts of 
food eaten were divided by mean body weight.

 Intake of calories, proteins and phosphorus was compared to the 
recommendations of the Kidney Disease Outcomes Quality Initiative 
(K/DOQI), which establish amounts for daily intake of various 
nutrients by patients undergoing hemodialysis: 35 kcal/kg, 1.2 g ptn/
kg and 800 mg to 1000 mg respectively.

Statistical analysis: In the statistical analysis, the data were 
analyzed using the software PRISMA, 2017, version 7.0 for Macbook. 
A descriptive analysis was made of the general characteristics of 
the study population (sex, age, weight, height, BMI) and dietary 
parameters (intake of energy, protein and phosphorus), and the data 
were presented as means and standard deviations (M ± SD). The 
r-Pearson correlation test was performed between the variables: total 
calories, calories per kg/day, total proteins, proteins in grams per kg/
day and phosphorus. Statistical significance was defined as p<0.05.

Results 
In the present study, 40 patients with Chronic Kidney Disease 

undergoing dialysis were evaluated: 16 men and 24 women, with a 
mean age of 49.7 ± 14.2 years.

Table 1 shows their anthropometric profile, with mean weight, 
height and BMI of 63.43 kg ± 12.76 kg, 1.59 m ± 0.086 m, 23.57 kg/m2 
± 7.48 kg/m2, respectively. Mean BMI was within the reference range 
(18.5 kg/m2 to 24.9 kg/m2), according to the WHO, 1995 and 1997.

Food intake, which was assessed using the 24 h recall, was 
compared to the reference value, as recommended by K/DOQI (Table 
2). Energy intake is below the recommended level and phosphorus 
intake is slightly below, with values of 27.98 kcal/kg/day ± 10.59 kcal/
kg/day and 783.9 mg/day ± 233.2 mg/day, respectively. Protein intake 
was above the reference value, with mean and standard deviation of 
1.3 g/kg/day ± 0.54 g/kg/day.

Table 3 shows the results of Pearson's r correlation coefficients 
for the 24 h recall variables relative to intake of energy, protein and 
phosphorus in the diet of patients on hemodialysis. There was a strong 
correlation between intake of energy (kcal and kcal/kg) with that of 
protein (g and g/kg) and phosphorus (mg) (Figure 1). However, there 
was a low negative correlation between energy (kcal and kcal/kg) and 
protein percentage in TCV.

Figure 2 shows that phosphorus showed a low correlation with 
protein intake (g/kg), indicating 0.419 (p-value <0.0072), hence the 
higher the intake of protein, the higher the values of phosphorus.

Discussion
CKD patients experience changes in nutritional status. Nutritional 

status and dietary pattern in hemodialysis patients are affected by 

Table 1: Anthropometric parameters of patients with CKD undergoing 
hemodialysis in a hemodialysis clinic in Natal (RN).

Parameters Mean ± Standard 
Deviation Reference Value

Weight (kg) 63.43 ± 12.76 -
Height (m) 1.59 ± 0.086 -

BMI (Kg/m2) 23.57 ± 7.48 18.5 kg/m2 to 24.9 kg/m2* 
*WHO, 1995 and 1997
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some factors inherent in CKD, such as insufficient food intake, 
increased catabolism, hormonal changes and associated diseases [12].

In the present study, hemodialysis patients were classified as 
eutrophic, based on their mean BMI. A similar result was found in 
the study of [13], in which nutritional status was compared (between 
men and women) with malnutrition in hemodialysis, based on some 
parameters. Mean BMI of the total sample was 24.1 kg/m2 ± 3.4 kg/
m2, with no difference between males and females, who were also 
classified as eutrophic.

However, a study carried out by [14] compared functional 
capacity and quality of life of male and female chronic kidney patients 
on hemodialysis and pre-dialysis. An evaluation of the BMI of the 
group on hemodialysis showed mean of 27.16 kg/m2 ± 4.13 kg/m2. 
Therefore, the patients were classified as overweight.

BMI is a sensitive parameter, especially when referring to patients 
undergoing hemodialysis, as it does not detect protein depletion and 
increased visceral fat (which is common in renal patients). Thus, 
it may “disguise” patients’ nutritional status, e.g., Protein-Energy 
Malnutrition (PEM) in the presence of fluid retention [15,16].

It is common for patients with Chronic Kidney Disease to have 
PEM, a fact that is extremely important because it is associated with 
higher rates of morbidity and mortality, and commonly associated 
with CKD and hemodialysis. Therefore, nutrition plays a fundamental 
role in maintaining the nutritional status of these patients [17].

PEM is characterized by reduced intake of energy and protein; 
therefore, this macronutrient becomes one of the most important for 
maintaining the nutritional status of these patients [18].

In the present study, protein intake was 1.3 g/kg/day, which 
exceeds the recommended value. Protein intake of hemodialysis 
patients has been described as being below current reference values, 
as reported in the review of [19]. In the study of [20], an assessment of 
patients’ food intake showed that protein intake was 1.1 g/kg/day, i.e., 
below the recommended level.

Protein intake, in the present research, may have been higher 
than the recommended level because of the guidelines and the 
nutritional advice offered by nutritionists and other health workers 
at the hemodialysis clinic. In the study of [21], individualized 
dietary counseling was effective at improving important nutritional 
parameters in patients undergoing hemodialysis.

According to the Kidney Disease Outcomes Quality Initiative (K/
DOQI), optimal protein intake for patients undergoing hemodialysis 
is 1.2 g/kg/day. The reasons for this greater amount are increased 
protein catabolism and loss of amino acids during hemodialysis.

In the same study mentioned above, carried out by [20], 
individuals’ energy intake was 24.8 kcal/kg/day ± 7.5 kcal/kg/day, i.e., 
below the level recommended by K/DOQI (35 kcal/kg/day), as in the 
present study, in which energy intake was 27.98 kcal/kg/day ± 10.59 
kcal/kg/day.

This result is similar to the energy intake found in the study carried 
out by [22], which was 28.0 kcal/kg/day ± 9.4 kcal/kg/day. In that 
study, higher energy intake was associated with a lower prevalence 
of metabolic syndrome and its components (abnormal fasting blood 
glucose levels, high waist circumference, high triglycerides, and low 
HDL cholesterol). This could be explained by energy balance, which 
can be disturbed in patients with inadequate energy intake, and such 
fact is related to a number of disorders, e.g., risks of cardiovascular 
disease and metabolic syndrome.

Energy intake below the recommended level is related to a higher 
risk of malnutrition, and it is more severe than low protein intake. 
Therefore, adequate energy intake is crucial for maintenance of body 
composition and neutral nitrogen balance [23].

The present study evaluated the correlation between energy and 
protein intakes by patients, and there was a strong positive correlation 
of 0.728, that is, it is assumed that the greater the energy intake, the 

Table 2: Dietary intake of patients with CKD undergoing hemodialysis in a 
hemodialysis clinic in Natal/RN.

Variables Mean ± Standard 
Deviation Reference Value*

Energy (kcal/kg/day) 27.98 ± 10.59 35 kcal/kg/day
Protein (g/kg/day) 1.3 ± 0.54 1.2 kcal/kg/day

Phosphorus (mg/day) 783.9 ± 233.2 800 mg/day to 1000 mg/
day

*K/DOQI

Table 3: Pearson’s correlation coefficient (r) between variables relative to intake 
of energy, protein and phosphorus of the 24 h recall.

Protein Energy (kcal) Energy (kcal/kg)
G 0.678 0.534

g/kg 0.657 0.728
% VCT -0.345 -0.265

Phosphorus 0.678 0.59

Figure 1: A) Pearson’s correlation coefficient (r) between daily intake of phosphorus (mg) and energy (kcal/kg). B) Pearson’s correlation coefficient (r) between 
daily intake of energy (kcal/kg) and protein (g/kg).
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greater the protein intake; thus, it is directly proportional. The fact 
that protein intake is above the reference value while energy intake 
is below can be explained by the fact that it is common for patients 
undergoing hemodialysis to have their diet supplemented with higher 
protein intake.

In the present study, the value of phosphorus intake was 783.9 
mg/day ± 233.2 mg/day, i.e., close to the recommended value. Since 
protein sources are sources of phosphorus, the correlation between 
these two variables was positive (0.419), i.e., the greater the protein 
intake, the greater the phosphorus intake.

In this study, it was found that phosphorus intake was slightly 
below the reference value with the amount of protein exceeding 
recommendations. Thus, the protein sources eaten may have possibly 
had low phosphorus content. One possible explanation is that plant 
protein may have been consumed, and such type of protein could 
have had a low concentration of phosphorus. However, food intake of 
these patients has not been assessed qualitatively; thus, a more specific 
assessment of the 24 h recall is required.

 The relationship between these two nutrients needs to be assessed 
in order for one to choose these sources of protein. In the study of 
[24], phosphorus intake by elderly patients on hemodialysis was also 
below the recommended levels (742 mg/dL ± 239.8 mg/dL); however, 
protein intake was also low (0.9 g/kg/day ± 0.3 g/kg/day).

The level of phosphorus intake recommended by K/DOQI is 800 
mg/day to 1000 mg/day. The restriction of this micronutrient is very 
important in the treatment of hemodialysis, since it is common for 
patients to develop hyperphosphatemia as a result of reduced renal 
phosphate excretion.

When untreated, hyperphosphatemia can trigger some 
consequences such as hyperparathyroidism, decreased bone density, 
cardiovascular calcification and cardiovascular diseases, the latter 
being one of the main causes of death in hemodialysis patients, 
according to [25,26].

For control of hyperphosphatemia, dialysis methods become 
ineffective and diet-based control is difficult to adhere to. This scenario 
requires the use of phosphorus-chelating agents, i.e., phosphate-
binding compounds that reduce intestinal absorption of phosphorus 
[27].

The association of energy and phosphorus was positive (0.590); 
the former was below the reference value and the latter was very 

close to it, respectively. Probably, if energy intake had been adequate, 
phosphorus would have been above the reference value, which 
may have resulted in the emergence of hyperphosphatemia and its 
complications. If this had happened, it would have been necessary to 
use phosphorus-chelating agents to control hyperphosphatemia.

It must be taken into account that the method used for dietary 
assessment is also subject to errors, as it depends on interviewees’ 
memory, their accurate recall of food intake and the correct 
description of such foods [28,29].

Final Remarks
The analysis of the means of all evaluated parameters showed that 

patients were classified as eutrophic. Regarding food consumption, it 
was found that the energy and phosphorus intakes were below the 
reference value, while protein intake was above it. The assessment 
of correlations showed an association between energy and protein, 
energy and phosphorus and protein and phosphorus.

In this context, there is a need for dietary advice and adequacy 
of these nutrients in the diet, so that patients become aware of the 
importance of nutrition for an effective treatment, in order to avoid 
complications of CKD.
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