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ABSTRACT

Introduction: Peritoneal dialysis is a renal replacement therapy that allows the patient to live with a certain
degree of autonomy and flexibility. Nutritional diagnosis is crucial, considering the high prevalence of nutritional
disorders amongst this population and its correlation with the clinical prognosis. The aim of the current study is
to evaluate the nutritional state of patients receiving peritoneal dialysis. Methodology: This is a cross-sectional
study realized with 30 patients undergoing peritoneal dialysis. Data collection was undertaken by scheduling
appointments for nutritional assessment in which the following data were collected: anthropometric data, body
composition, subjective global assessment, assessment of food consumption by means of 24-hour dietary recall
and food frequency questionnaire. Biochemical tests and clinical history were obtained from the patients’ records.
Results: Most patients were in good nutritional state, euvolemic. A positive statistical association was observed
regarding phase angle and lean mass. The biochemical examinations showed that albumin, HDL-c and vitamin
D levels were below reference values, whilst phosphorus and parathyroid hormone were above the ideal values.
While glucose in the dialysate did not present any statistical association with regard to serum glucose, glycated
hemoglobin or triglycerides, it demonstrated statistical association in relation to the preservation of somatic
muscle mass. Food consumption assessment showed inadequate protein intake. Conclusion: Patients had good
nutritional state and statistical association for a satisfactory prognosis, but nutritional follow-up was important
in order to avoid complications.
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INTRODUCTION

Chronic kidney disease (CKD) develops due to progres-
sive and irreversible kidney functionality loss, which
results in homeostatic imbalance in the organism because
of adjustments that occur to supplant the worsening in
renal function. Thus, renal replacement therapy is neces-
sary in the final stage of the diseasel. According to the
National Institutes of Health, in 2013 117,162 people

were undergoing renal replacement therapy in the USA,
9% of which were under peritoneal dialysis (PD)2. In Latin
America, PD was more frequent in El Salvador and in
Mexico, representing 67.6% and 55.9%, respectively3. In
Brazil, the estimated number of patients receiving dialysis
in 2014 is 112,004, 9% of which under PD*.

PD is a renal replacement therapy that allows the
patient to overcome difficulties imposed by the
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geographical conditions, providing a certain degree of
autonomy and flexibility in lifestyle3->. According to
Ellam Wikie (2011), the most common complication
related to PD is peritonitis, but other problems may
also arise, e.g. catheter problems and insufficient
removal of water or solute>. Patients undergoing PD
also have a greater risk of having carbohydrate- and
fat-related metabolic disorders, especially due to glu-
cose absorption during dialysis, which might cause
hyperglycemia, resistance to insulin, dyslipidemia and
cardiovascular disorders®.

With regard to nutritional state, patients under treat-
ment with PD have augmented risk of protein-energy
wasting (PEW) due to underlying diseases, associated
comorbidities, psychosocial factors and symptoms such
as anorexia, abdominal fullness and delayed gastric
emptying, being thus associated with major risk factors
for morbidity and mortality’. Nevertheless, those
patients are also exposed to the risk of developing
overweight and obesity due to the involuntary absorp-
tion of glucose from the dialysis fluid. Unlike PEW,
however, this weight gain is not linked to rise in the
risks of morbidity and mortalityS.

In this context, the type of criteria used to evaluate
the patient’s body composition in PD becomes impor-
tant, since depending on the method used, the preva-
lence of muscle wasting (sarcopenia) can be altered.
In addition, particular characteristics of the population
studied may also influence the results. Sarcopenia in
CKD patients is called uremic sarcopenia, and is defined
as the presence of low skeletal muscle mass, low muscle
strength, poor physical performance, or both. However,
there is no universal definition for muscle wasting32-41,

In the study of As’habi et al. (2018) the prevalence
of uremic sarcopenia was evaluated in 79 patients in
PD. For this, the authors used the bioelectrical bioim-
pedance method and manual pressure force to assess
skeletal muscle mass and muscle strength was evalu-
ated. In addition, the physical performance of the
patients was evaluated for 4 minutes with the walking
speed test. It was seen that 11.5% of patients in PD
had uremic sarcopenia. There was an association
between the patients’ age, sex, physical activity level
and the presence of diabetes mellitus3®. In another
study, with 434 patients in PD, the evaluation criterion
used was the segmental appendicitis lean mass index
(ALMI) by segmental bioimpedance. The authors
showed by this method that the prevalence of uremic
sarcopenia varied between 6.5 and 26.3%, with this
prevalence different according to the ethnicity of the
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patients. Asian patients had a higher prevalence of
uremic sarcopenia®®. Another study showed the preva-
lence of uremic sarcopenia in 325 patients in PD. The
methods used were the indices of lean mass and appen-
dicular lean mass indices through dual-energy x-ray
absorptiometry. In this study it was found that depend-
ing on the cut-off criteria used, the prevalence of mus-
cleloss was 2.2% —31.3% for women and 25.1% — 75.6%
for men?1,

Due to these factors, nutritional follow-up is crucial
to the prevention of both PEW and obesity. Anthropo-
metric measurements, biochemical tests, food con-
sumption records and other tools utilized for nutritional
assessment are essential to monitor the patient and
determine its nutritional state in order to improve its
quality of life®.

Few studies evaluated the nutritional state of
patients undergoing PD in relation to body composition
and there is no study that has investigated those
patients’ food consumption1911, Our hypothesis is that
patients under PD have increase in body weight, aug-
mented serum glucose, triglyceride and hemoglobin
levels and inadequate food consumption, as a result
of their clinical conditions. The aim of this study is to
evaluate the nutritional state of patients with CKD
receiving treatment with PD.

METHODS

This is a cross-sectional study comprising patients
undergoing automated peritoneal dialysis in the peri-
toneal dialysis unit of a public hospital treatment facility
for patients with chronic kidney disease. The inclusion
criteria were met by patients from both genders who
were over 18 years of age and who had been undergo-
ing PD for longer than 30 days. Exclusion criteria were
the occurrence of infectious diseases, hepatopathies
and cardiopathies, as these diseases might have an
impact on the patients’ nutritional profile and thus
become confounding factors for the results. Thirty of
the 32 patients of the peritoneal dialysis unit of a treat-
ment facility for patients with chronic kidney disease
were selected, in accordance with the above-mentioned
inclusion and exclusion criteria.

All patientsincluded in the study were on automated
peritoneal dialysis. These patients performed the dialy-
sis session every day for 8 hours at night. The dialysis
solutions had a concentration of 1.5% to 4.5% glucose
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in each bag. Patients used 4 liters per day of dialysis
solution for the dialysis procedure.

The research was approved by the Ethics Committee
of the Juiz de Fora Federal University under n®1.762.852.
The collection of data was undertaken by scheduling
appointments for nutritional assessment and by means
of patients’ records. The subjects signed informed con-
sent forms.

All patients had medication routinely prescribed by
the doctor in charge, e.g. antihypertensive and
cholesterol-lowering drugs, B vitamins, erythropoietin,
vitamin D, folic acid and phosphorus.

The seven-point subjective global assessment (SGA)
was applied by means of the SGA validated by Fetter
et al. (2014) that classified patients into three groups:
patients being well-nourished to being with mild mal-
nutrition; patients with mild to moderate malnutrition;
and patients with severe malnutrition’2.

Body weight was assessed while patients were bare-
foot and wearing light clothes with a Welmy@ digital
scale of maximum capacity of 200 kg, whilst patients’

height was measured by means of an Alturaexata®
stadiometer of 2.0-meter maximum height. The body
mass index (BMI) was calculated by the relation of the
weight with the height squared and classified in accord-
ance with the World Health Organization-WHO (1998)13.

The anthropometric measurements used were arm
circumference (AC), triceps skinfold thickness (TSF) and
biceps skinfold thickness (BSF). AC was assessed with
an inextensible measuring tape, while TSF and BSF were
assessed by means of a Lange® skinfold caliper. Arm
muscle circumference (AMC) and arm muscle area
(AMA) were assessed by means of the following for-
mulae, respectively: AMC (cm) = AC (cm) — [3.14 x TSF
(mm)] (man) and AMA (cm?) = (AC (cm) — 3.14 x TSF
(mm)/10)% 4 x 3.14 — 10 (men); AMA (cm?) = AC (cm)
—3.14 x TSF (mm)/10% 4 x 3.14 — 6.5 (women). They
were then classified according to the nutritional statel?.

Body composition was measured by two-dimension
tetrapolar bioelectrical impedance (BIA) with a Quan-
tum 1l RJL Systems body composition analyzer when
the patient was lying horizontally, had the abdomen
empty of dialysis fluid and electrodes positioned in
accordance to manufacturer’s instructions. There were
no confounding factors for precise impedance measure-
ment for any of the patients, and all of them followed
the protocol for the realization of the TBI. The variables

assessed by means of the TBI were percentage body
hydration, cellular mass and phase angle?®.

Dietary intake assessment was made by analyzing
the 24-hour dietary recall and food frequency question-
naire, which were applied by the previously trained
research team.

Total calorie intake (kcal/kg/day), percentage carbo-
hydrate, fats, daily intake of proteins (g/kg/day) and
the ingestion of macronutrients, e.g. phosphorus,
potassium and calcium, were assessed with recourse
to the 24-hour recall, in accordance with the recom-
mendations by K/DOQI (2002) for patients that have
CKD undergoing PD. Glucose absorbed from the
dialysate was also regarded as dietary intake in the
assessment of total calorie intake (dialysate calculated
in kcal/kg/day) and percentage carbohydrate (1). Glu-
cose estimates were calculated with the equation pro-
posed by Grodstein et al. (1981)18, considering a glu-
cose absorption rate between 30% and 50%7.

By means of the 24-hour dietary recall, food intake
was also classified in relation to its degree of
processing18-12. Thus, consumables were classified into
three groups: unprocessed or minimally processed
food; processed food; ultra-processed food.

Food intake-related analyses were made by means
of the DietWin® dietary analysis software.

The qualitative analysis of the patients’ dietary intake
was made by means of data from the food frequency
guestionnaire, drawn up based on the questionnaire
validated by Sichieri & Everhart (1998)2°. Individual
food intake frequencies were assigned the following
labels: once a day; more than twice a day; 5 to 6 times
a week; 2 to 4 times a week; once a week; once to
thrice a week; rarely; never.

Patients’ records permitted the collection of data
related to age, gender, education, dialysis type, start
of treatment with automated peritoneal dialysis, under-
lying disease, percentage glucose concentration in the
dialysate and amount of dialysis fluid infused measured
in liters, besides the biochemical parameters.

In order to analyze the biochemical tests, reference
values for patients undergoing PD were used, i.e., para-
thyroid hormone (PTH) (<300 pg/mL); phosphorus (3
— 6 mg/dL); potassium (3.5 — 5.5 mEg/L); serum cre-
atinine (<15 mg/dL); serum albumin (>3.8 g/dL); total
cholesterol (150 — 180 mg/dL); LDL cholesterol (100
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— 159 mg/dL); HDL cholesterol (>60 mg/dL); triglycer-
ides (150 — 200 mg/dL); total protein (6.1 — 7.9 mg/
dL); glycated hemoglobin (4.8 — 5.9%); glucose (<100
mg/dL); vitamin D [deficiency (<20 ng/ml) and insuf-
ficiency (< 30 ng/ml)]; ferritin (between 200 and 500
ng / ml); iron (50 a 150 mcg/100 mL); hemoglobin (11
—13 g/dL) 142, Fasting triglycerides and glucose index
(TyG) was calculated as the Ln[fasting triglycerides (mg/
dL) x fasting glucose (mg/dL)]/221.

Statistical analyses were made by means of the
SPSS 23.0 software. For the description of the varia-
bles utilized in this study, central tendency measures
(average and median) and dispersion median (stand-
ard deviation and maximum and minimum values)
were used for quantitative variables, whilst frequency
and percentage were used for the qualitative values.
The test for normality was undergone by means of
Shapiro and Wilk’s test in order to assess the distribu-
tion of such variables amongst the population. To
assess the gaps between average values, Student’s T
test was utilized for variables with symmetric distribu-
tion, whilst for those with asymmetric distribution
the U-Mann Whitney test was used. Finally, the Pear-
son test was used for variables with normal distribu-
tion, and the Spearman test for those with non-normal
distribution. Significance level was fixed at lower than
5% (p < 0.05).

RESULTS

The sample was comprised mainly of females (76.7%
of the total). Average age of the patients was
52.43114.39 years, and the median of the dialysis treat-
ment length was 31 (2 — 136) months. Schooling levels
showed predominance of patients who had completed
up to high school (47.8%), followed by those who fin-
ished college (8.7%) and, in a smaller proportion, illiter-
ate patients (4.3%). In relation to the underlying dis-
eases, regarded as main causes of CKD, the most
prevalent were chronic glomerulonephritis (15.5%),
allograft nephropathy (10.3%) and diabetic nephropa-
thy (5.2%).

Table | shows SGA and anthropometric data. None of
the subjects had severe malnutrition, whilst 43.3% were
in a state of mild to moderate malnutrition and 56.7%
at mild risk for malnutrition or well-nourished. Analysis
of BMI revealed an average of 24.64+4.84 kg/m?, and
56.7% of the patients were classified as being well-
-nourished, 16.7% as overweight, 16.7% as obese and
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Table |

Anthropometric assessment by means of BMI, 7-point Subjective Global
Assessment and Skinfold Thickness of patients under Peritoneal Dialysis

Frequency (n) | Percentage (%)

Variable
N=30 N=30

SGA

Mild malnutrition risk or well-nourished 17 56.7

Mild-to-moderate malnutrition 13 433
BMI

Low Weight or thinness 3 10

Normal-weight 17 56.7

Overweight 5 16.7

Obesity 5 16.7
AC

Normal-weight 14 46.7

Mild malnutrition 8 26.7

Moderate malnutrition 4 13.3

Overweight 2 6.7

Obesity 2 6.7
AMC

Normal-weight 15 50

Mild malnutrition 12 40

Moderate malnutrition 3 10
TSF

Normal-weight 8 26.7

Mild malnutrition 3 10

Moderate malnutrition 2 6.7

Severe malnutrition 4 13.3

Obesity 13 433
AMA

Within average 27 90

Below average 3 10

SGA: 7-point Subjective Global Assessment BMI: Body Mass Index; AC: Arm Circumfer-
ence; AMC: Arm Muscle Circumference; TSF: Triceps Skinfold Thicknes;s AMA: Arm
Muscle Area.

10% underweight or showing thinness. Subcutaneous
fat persisted, as assessed by skinfold thickness and AC,
as well as muscular mass, assessed by AMC and AMA.

The patients’ body water volume was assessed by
the BIA. 53.3% of the patients were euvolemic and
23.3% hypovolemic, whilst 23.3% had hypervolemia.
There was a negative correlation between body water
volume and AMC, i.e., the greater the blood volume
in the body, the less the somatic muscular mass (r=
0.522, p<0.01).

The phase angle showed it was noticeable that the
patients had good nutritional status (PA: Average
5.07£1.272). The correlation between the patients’ age
and the phase angle (r=—0.505, p<0.01) was also nega-
tive, whilst in relation to serum albumin the correlation
was negative (r= 0.366, p<0.05). Cellular mass was
assessed as a sensitive indicator of lean tissue loss,
with an average of 19.03+5.06 kg. Cellular mass was
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found to have a positive correlation with the AMC (r=
0.521, p<0.01) and the AMA (r=0.522, p<0.01).

Patients included in the present study had normal
levels of ferritin and iron, with a mean of 276.6+ 185.7
ng/mland 60.5%25.8 mcg / 100 mL, respectively. How-
ever, hemoglobin was below the reference values, with
a mean of 10.2+ 1.5 g / dL. Regarding vitamin D, it was
observed that 16.7% of the patients presented vitamin
D deficiency and 73.3% vitamin D insufficiency.

Table 1l shows the results of the biochemical tests.
Patients had HDL cholesterol below the recommended
serum levels. There were no changes in serum glucose
and glycated hemoglobin concentrations. Serum albu-
min levels were below the ideal ones. Calcium and
potassium were within the estimated reference values,
whereas phosphorus levels were elevated. Patients had
insufficient levels of serum vitamin D and high parathy-
roid hormone levels. According to the TyG index, the
average is 3.87+0.43, and 76.7% of the subjects showed
values below the75t" percentile (TyG< 4.07), which did
not indicate the occurrence of insulin resistance.

Analyzing the biochemical parameters in relation to
the time of dialysis, it was observed that after 2 years of
treatment there was a significant increase in relation to
the serum calcium: in the first 2 years the mean was 9 +
1.1 mg/ Dl and after this period the mean was 9.8 + 0.9
mg / dL (p-value = 0.043). Despite this increase, calcium
concentrations remained normal. In addition, after 5

Table Il

Results of Biochemical Tests in Patients under Peritoneal Dialysis

Variable Unit Average Standard Deviation
N=30 N=30
Total Cholesterol mg/dL 173.9 +39.63
HDL mg/dL 37.21 19.76
LDL mg/dL 105.85 +34.43
Serum creatinine mg/dL 11.33 +3.64
Vitamin D ng/mL 24.15 +4.84
Triglycerides mg/dL 173.9 +112.53
Glucose mg/dL 92.43 +20.41
Glycated Hemoglobin % 5.48 +1.05
Total Protein g/dL 6.13 +0.68
Albumin g/dL 3.73 +0.45
Phosphorus mg/dL 7.13 +1.81
Potassium mg/dL 4.73 +0.58
Calcium mg/dL 9.5 +1.04
Parathyroid hormone pg/mL 705.72 +469.79
TG TG 3.87 0.43

TyG: Fasting triglycerides and glucose index.

years of treatment, a significant increase of serum glucose
and glycated hemoglobin was observed, in which, in the
first 5 years, the mean value was 87.9+17.4 mg/dLand
5.3 + 0.6% and after that period 108.3 + 25.9 mg / dL
and 6.3 + 1.8%, respectively, with p-value <0.05.

When the sample is divided into groups according
to the absorption of calories from the dialysis fluid
glucose, it is observable that patients who received
more calories from the glucose infused during the PD
process had higher anthropometric measurements than
the group which received less glucose by infusion. In
analyzing the connection between dialysis fluid glucose,
anthropometric measurements and cellular mass, the
correlations are positive between glucose and AMC
(r=0.458, p<0.05); AMA (r=0.424, p<0.05); and cellular
mass (r=0.471, p<0.01) (Table IlI).

Patients’ food intake was also evaluated (Table IV).
The presence of glucose from the dialysis fluid, partially
absorbed by the organism, was a positive factor for
the adequacy of calorie and carbohydrate intakes. The
level of carbohydrates was adequate irrespectively of
the occurrence of glucose from the dialysis fluid,
whereas the inadequacy of protein consumption was

Table Il

Influence of calories from the dialysis fluid infused into the peritoneal
layer of patients under peritoneal dialysis and that are absorbed by the
organism on those patients’ anthropometric and biochemical parame-
ters, according to the median percentile (50%).

< 50th > 50th
Variables percentile percentile p- value

N=19 N=11
BMI (kg/m?) 21.8+4.2 25.8+4.6 0.038*
AC (mm) 24.742.9 28.443.9 0.018*
AMC (mm) 20.242.2 22.742.9 0.029*
TSF (mm) 14.4+4.7 17.9+6.7 0.169
AMA (cm?) 32.847.15 41.8+11.1 0.032*
Cellular Mass (kg) 17.442.9 19.745.6 0.476
Phase Angle (°) 4.9+0.9 5.1+1.4 0.929
Serum Glucose (mg/dL) 84.6+9.4 95.8+22.9 0.209
Glycated Hemoglobin (%) | 5.2+0.6 5.611.2 0.562
Total Protein (g/dL) 6.1+0.9 6.210.6 0.722
Serum Albumin (g/dL) 3.810.4 3.7¢0.5 0.790
Serum Creatinine (mg/dL) | 11.6+3.8 11.243.6 0.836
Total Cholesterol (mg/dL) | 183.3+53.1 173.7433.1 0.554
Triglycerides (mg/dL) 182.3+133.9 170.1+33.1 0.982
TyG 3.8+0.28 3.9+0.48 0.445

BMI: body mass index; AC: arm circumference; AMC: arm muscle circumference; TSF:
triceps skinfold thickness; AMA: arm muscle area; < 50th percentile (calories from the
dialysis fluid infused and that are absorbed < 217,6 kcal); > 50th percentile (calories
from the dialysis fluid infused and that are absorbed > 217,6 kcal); *statistically relevant
difference between the groups
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Table IV

Average Dietary Intake of Patients under Peritoneal Dialysis, according
to the 24-hour Dietary Recall.

Variables Unit Average | Standard Deviation
N=30 N=30
Total kcal with dialysate Kcal 1652.86 +310
Kcal/kg with dialysate Kcal/kg | 27.45 6.6
Total kcal without dialysate Kcal | 1415.75 +305.8
Kcal/kg without dialysate Kcal/kg | 23.52 16.16
Carbohydrates with dialysate % 60.0 16.29
Carbohydrates without dialysate % 53.0 7.4
Protein g/kg 1.0 +0.3
Fats % 30.67 7.5
Potassium Mg 1769.44 +748.1
Phosphorus Mg 756.11 +297.2
Sodium Mg 1321.67 +635.2

Table V

Averages of the absolute and relative intakes of unprocessed or minimal-
ly processed foods, of processed foods and of ultra-processed foods of
patients under Peritoneal Dialysis according to the 24-hour dietary recall.

Patients under
Peritoneal Dialysis
Food groups and consumables N=30
% of total
Keal/day energy intake

Unprocessed or minimally processed foods 898.6 70.0
Rice 191.7 131
Beans 63.7 5.4
Beef or Pork 142.6 10.7
Fruita 110.3 8.0
Other cerealsb 46.8 2.9
Milk 34.12 33
Poultry 66.1 4.9
Roots and tubers 15.7 1.4
Coffee and teas 289 2.2
Fish 37.1 2.12
Greens and vegetables 18.9 13
Eggs 20.57 1.4
Other unprocessed foodsc 62.7 5.0
Culinary ingredientsd 68.5 4.3
Processed foods 298 15.8
French bread rolls 153 11.8
Cheese 35.8 25
Processed meat 28.7 11
Fruit preserves 0.58 0.47
Ultra-processed foods 312 18.2
Cakes, pies and sugared biscuits 40.6 2.4
Fast foode 0.0 0.0
Soda and industrialized juices 23.9 1.7
Industrialized breads 61.7 4.1
Sweets and dessertsf 5.0 0.4
Salted biscuits and snacks 233 2.6
Sausages 41.7 2.7
Ready- or almost-ready-to-eat foodg 14.5 0.9
Sweetened dairy beverages 3.5 0.3
Other ultra-processed foodsh 44.3 3.1

aFresh natural juices included. P Corn, oat and wheat and its flours and preparations,
e.g., couscous and pasta. ¢ Nuts and seeds, natural yogurt, lentil-based preparations,
peas, soy, seafood and preparations that contain a mixture of several foods. 4 Ingredients
such as sugar, oil and butter © Hamburger and cheeseburger, hot dog, fried and baked
snacks, and similar products. fCandy, chocolate, gelatin desserts, puddings and ice-cream.
8 Pizza, frozen pasta or meat, instant noodles and soups. " Margarine, industrialized
sauces and breakfast cereals.  Median (Interquartile intervals).
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noticeable, since the intake was below prescribed for
high-protein diets. Levels of body fat percentage, mil-
ligrams of phosphorus and sodium potassium were all
in accordance with the recommended intake for
patients undergoing PD.

By assessing the intake of unprocessed or minimally
processed; processed; or ultra-processed food by
patients under DP (Table V), it was found that 43% of
them had taken at least one type of ultra-processed
food, and the average energy intake stemming from
this category is 312 kcal (18.2% of the daily calorie
intake). About 80% of them consumed processed foods,
which corresponds to 298 kcal of the total daily energy
intake (15.8%). All of the subjects consumed unpro-
cessed or minimally processed food, which relates to
898.6 kcal of the total energy intake, or 70%.

By analyzing the consumption frequency of the main
food groups, the ingestion of foods from the groups of
milk and derivates; flesh and eggs; oils and fats; and
cereals and legumes at least once a day was observable.
Among the foods in the dietetics group, only sweetener
was consumed daily in small amounts. The consump-
tion of greenery, vegetables and fruits was also daily,
and foods from the tubers group was predominant
among foods consumed once a week. Amongst this
populations, the intake of snacks, canned goods and
desserts was low, and occurred between once to thrice
a month or rarely or never.

DISCUSSION

Most patients in the sample had satisfactory nutri-
tional state, with maintenance of somatic muscle mass
and subcutaneous fat, according to the anthropometric
assessment and the SGA. Those results endorse those
from another research conducted with patients under
PD, that by means of SGA classified 56.66% of the
patients as being in good nutritional state, having a TSF
representative of a higher proportion of obesity, and
the AC and AMC showed the predominance of a good
nutritional statel0.

By means of the BIA, good nutritional status related
to the phase angle and cellular mass results were
observable. The results are similar to those found in a
cross-sectional study realized with 28 patients under
PD, with satisfactory nutritional status. Their average
BMI was 26.7+5.4 kg/m?, being indicative of over-
weight; phase angle was 5.1+1.2 degrees and cellular
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mass 5.1+1.2 kglL. In exposing relations between phase
angle, patients’ age and serum albumin and between
cellular mass, AMC and AMA, our results also endorse
those found by another researcher?2.

Most patients were euvolemic and had a statistically
significant relationship with phase angle and cellular
mass. A cross-sectional study with 58 patients undergo-
ing PD did not find significant changes in patients’ body
hydration, which was assessed by BIA, pointing to a
good control over this parameter; 40% of patients were
euvolemic23. Hypervolemia is an independent risk fac-
tor for cardiovascular diseases and death among
patients under PD. Therefore, keeping the patients
hydrated is crucial and their states should be monitored
frequently?3:24,

Biochemical tests showed that albumin was below
the reference values, which may be due to the great loss
for the dialysate. The same results were found in other
studies performed with patients undergoing PD, in which
the average values of albumin found were lower than
the reference values 10-25. However, the total protein
and the relationship between albumin and globulins are
within the prescribed values, indicating good nutritional
status of the patients. In the study of Mutsert et al. (2009)
it was shown that aloumin may not be a marker of risk
of efficient mortality, since in addition to the loss of pro-
teins for the dialysate, an inflammatory state could alter
its concentration. In this study, it was shown that patients
on dialysis can decrease up to 1 g/ dLin serum albumin.
This was associated with an increase in 38% of PD
patients. However, it is important to note that the risk
of death was not associated with nutritional status vari-
ables, indicating that nutritional status cannot be meas-
ured by serum albumin in patients with PD43.

In analyzing cholesterol fractions it is observable that
HDL-cholesterol is below ideal, whilst LDL-cholesterol
is within the recommended band. Besides, serum cho-
lesterol in patients with CKD might be a good marker
for chronic low food intake or expose the use of lipid-
-lowering treatments2®. Another important point to be
considered is that, like in the overall population, having
low cholesterol is a good protecting factor for cardio-
vascular diseases, as long as it is not related to inflam-
mation or PEWZ7, It is to be highlighted that low HDL-
-cholesterol levels are common in CKD patients, but
the mechanisms of this disorder in fat metabolism is
yet to be completely explained?8.

The current study did not find changes in the count-
ing of triglycerides, serum glucose, glycated hemoglobin

and TyG index, which is a sign of good control over
those parameters, since this is a major concern of the
healthcare team. Due to the absorption of glucose from
the dialysis fluid, those patients might develop hyper-
glycemia, resistance to insulin and worsening in dys-
lipidemia, which are related to inflammatory processes
and cardiovascular disorders®.

The TyG index has been recently regarded as a simple
and inexpensive way to insulin resistance assessment,
and its performance is as satisfactory as that of the
homeostatic model assessment (HOMA)2L. One of its
advantages is being easily applicable in a clinic environ-
ment, since it is based upon routine laboratory tests, e.g.
triglycerides and fasting glucose levels, and does not
require the assessment of insulin levels2°. There are no
studies up to now that utilize the TyG index in patients
under PD, but some have analyzed insulin resistance in
general population by means of this methodology?2:30.

Calcium, phosphorus and PTH levels were other
assessed parameters. Serum calcium levels were nor-
mal, but phosphorus and PTH were elevated. According
to literature, elevated phosphorus and PTH levels are
associated with cardiovascular-related mortality among
subjects with CKD31:32, According to Melamed et al.
(2006), in results found in a cross-sectional study com-
prising 1007 subjects under both PD and HD, high phos-
phorus levels are related to mortality irrespectively of
measures of inflammation, schooling, job, time interval
considered and other confounding factors. By their
turn, elevated calcium and PTH are associated with
mortality respectively of renal replacement therapy
duration. The data show that the patients’ follow-up
and control over those parameters is crucial for the
patients’ survival3l.

Besides, our study has found that patients undergo-
ing PD have inadequate serum vitamin D levels, char-
acterizing hypovitaminosis D, which is likely to be found
in CKD patients, those under renal replacement therapy
with PD included?>. The deficiency of this vitamin is
mostly due to the hyperphosphatemia, which is also
shown in this research, and partially caused by the lack
of 25-hydroxyvitamin D-1-hydroxylase that occurs
because of the renal insufficiency, which might lead to
mineral and bone disorders such as secondary hyper-
parathyroidism, in addition to an increase in the car-
diovascular death rate caused by the augmented risk
of cardiovascular calcification33.

Thus, vitamin D supplementation in patients with
CKD should be considered because of its effectiveness
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in reducing hypovitaminosis D-related complications33.
Those measures were adopted by the patients’ care
team in the current study. Yet, patients’ follow-up must
be evaluated in terms of medication adherence.

The influence of glucose from the dialysis fluid on
the nutritional profile of patients under PD was also
evaluated. According to the results presented, this
ingestion of glucose is associated with the lean mass
of the patients without the occurrence of adverse bio-
chemical changes. The results are pursuant to those
encountered in a cross-sectional study with 136 patients
under PD, in which no body fat increase nor fat-free
mass loss were observable amongst the subjects, thus
leading to the conclusion that the glucose stemming
from the dialysis fluid does not disrupt the body com-
position of patients under PD34.

In contrast, a study that followed 85 patients under-
going PD for one year showed that, after this period,
13% of the patients had dry weight loss, 36% kept sta-
ble, and 51% had weight increase. Besides, in relation
to muscle mass, whilst 41% of patients had losses, 28%
kept it stable and 31% showed an increase. In what
concerns body mass, 21% of the patients had losses
and 66% increases in this parameter, while 13% kept
body mass stable. In this study, a significant difference
between albumin, HDL-cholesterol and triglycerides
levels was noticeable after one year of treatment, with
decrease in albumin and HDL levels and increase in
triglycerides levels3®.

In addition, the current study shows that dialysis
fluid glucose is associated with total energy intake of
patients, and its disregarding causes the patients’ intake
to be labeled as hypocaloric, while their inclusion
causes energy intake is normal. According to the nutri-
tional recommendations for PD patients, it is essential
that the nutritionist responsible take into account the
glucose of the dialysis fluid and add it to the total energy
consumption and the amount of carbohydrates in the

diet calculations?’.

With regard to food intake, patients’ under PD show
satisfactory food consumption, as well as adequate
intake of the macronutrients and micronutrients
assessed in this study. Only protein intake was observed
to be low amongst this population, albeit it is to be
highlighted that only a very low protein intake, which
did not occur in the current study, is relevant enough
to affect the nutritional state3°. In clinical practice, it
is observable that protein ingestion by patients under
PDis considerably lower than prescribed, which makes
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dietary counselling essential in order to prompt an
increase in protein and energy intakes and thus avoid
the undermining of patients’ nutritional profile3®.

Concerning the qualitative assessment of food intake
amongst this population, it is observable that they make
use of an elevated amount of unprocessed or minimally
processed food and the consumption of processed or
ultra-processed food is restricted. Other studies that
assessed the intake of this kind of food found that an
increase in ultra-processed edibles consumption con-
tributes to the rise in carbohydrates, added sugar and
saturated fats in dietary intake, which turns into a risk
factor for the development of non-communicable dis-
eases. This suggests that an effective reduction in ultra-
-processed foods consumption might improve subjects’
diet quality and thus their quality of life37.

As well as the general population, patients under
PD should be instructed to keep their dietary habits
healthy, abstaining from excessive consumption of
ultra-processed foods, since they contain high levels
of refined sugar, saturated and trans fats, besides being
phosphorus- and potassium-rich foods, which might
lead to increased serum levels of those minerals caused
by food intake38.

The methodology utilized in analyzing qualitative
aspects of patients’ food intake represents one of the
limitations of the current study, since only the 24-hour
dietary recall was used. In addition, there is no data
available regarding the dietary appetite of patients in
PD. Another inherent limitation is the cross-sectional
nature of the study, which does not allow for cause-effect
distinction and direct risk measures, once time-related
data are not available in this kind of investigation. Finally,
there are no data regarding the peritoneal levels of
Cal25, peritoneal transport type, Kt/v and ultrafiltration,
which are considered another limitation of the study.

However, the fact that up to now few studies aiming
at investigating nutritional state and dietary intake of
patients undergoing PD have been conducted is to be
emphasized, since it highlights the significance of the
current study to the literature concerning the nutri-
tional state of patients under PD.

CONCLUSION

In general, patients with PD had good nutritional
status. However, these patients had some important
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metabolic alterations that require nutritional monitor-
ing, such as hyperphosphatemia, secondary hyperpar-
athyroidism, low levels of HDL-cholesterol and inade-
quate protein intake. Finally, our results provide clinical
evidence of the association between volume overload
and PEW in PD patients.

Disclosure of potential conflicts of interest: The authors have no
conflicts of interest to declare.
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