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Summary. The evaluation of nutritional status in patients with end-stage renal disease in hemodialysis is com-
posed of a large number of measurements that complicate their execution. Therefore, the objective of this study 
is to reduce the number of variables through the principal component analysis (PCA). For this, a PCA was 
performed with 10 variables of the nutritional diagnosis in patients with hemodialysis: Energy Intake, Protein 
Intake, IBM,% UBW,% SBW,% MUAC, cAMA,% TCF, HGS and TLC as well as the age of the patients. The 
results show that PCA matrix with orthogonal rotation Varimex yielded four main components of the evalua-
tion of the nutritional status of renal disease in patients with end-stage hemodialysis, whose value was greater 
than 0 and explains the 79.91% of the total variance. The first factor was called body composition status, which 
is composed of cAMA (r = 0.9138), IBM (r = 0.8755),% MUAC (r = 0.8681) and% SBW (r = 0.6238). In the 
second factor called nutritional risk, a correlation was observed with energy intake (r = -0.8934), protein intake 
(r = -0.8752) and %TCF (0.5040). The third component called functional status risk is composed of age (r = 
0.9022) and HGS (r = 0.8508). The fourth factor, called body composition stability, was correlated with %UBW 
(r = 0.7456) and %TCF (r = 0.5825). The results of this study will allow reducing the number of variables for the 
preparation of a nutritional diagnosis in hemodialysis patients. From many to one of the four main components: 
1) body composition status, 2) nutritional risk, 3) functional status risk or 4) body composition stability.
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List of abbreviations

%MUAC: Percent of Mid-Upper Arm Circumference 
%SBW: Percent of Standard Body Weight
%TSF: Percent of Triceps Skinfold Thickness
%UBW: Percent of Usual Body Weight 
Alb: Albumin 
AND: Academy of Nutrition and Dietetics
AW: Actual Weight
BMI: Body Mass Index
cAMA: Corrected Arm Muscle Area
CKD: Chronic Kidney Disease
ESRD: End-Stage Renal Disease

HD: Hemodialysis 
HGS: Hand-Grip Strenght 
ISRNM: International Society of Renal Nutrition and 
Metabolism 
KDOQUI: Kidney Disease Outcomes Quality Initiative 
KMO: Kaiser-Meyer-Olkin 
LYM%: Lymphocyte percentage 
MUAC: Mid-Upper Arm Circumference 
NCPM: The Nutrition Care Process and Model
NHANESS II: The second National Health and Nu-
trition Examination Survey
NKF: National Kidney Foundation 
PCA: Principal Component Analysis
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PEM: Protein-Energy Malnutrition
PEW: Protein-Energy Wasting 
SAH: Systemic Arterial Hypertension 
SEGG: Spanish Society of Geriatrics and Gerontology
SENPE: Spanish Society of Parenteral and Enteral 
Nutrition 
T2DM: Type 2 Diabetes mellitus 
TLD: Total Lymphocyte count 
TSF: Triceps Skinfold 
WBC: White Blood Cells 
WHO: World Health Organization

Introduction

The Academy of Nutrition and Dietitians (AND) 
places the evaluation of nutritional status as the first 
step of the Nutritional Care Process Model (NCPM) 
and describes it as a systematic method of collecting, 
comparing and interpreting data and information from 
different sources that allow us to write a nutritional 
diagnosis (1-3). In turn, over the years, various au-
thors have differed in the number of components that 
make up the evaluation of nutritional status in patients 
with end-stage renal disease in hemodialysis, but have 
agreed that it requires several components for its ap-
plication. In addition, it has been sought to group all 
the components by categories, establishing that the 
evaluation of nutritional status is composed mainly 
of anthropometric, biochemical, clinical and dietary 
parameters, usually referred as the A, B, C, D of the 
evaluation of nutritional status. However, each pro-
posed category is made up of a large number of com-
ponents that, when collected and interpreted together, 
complicate the execution of the evaluation of nutri-
tional status and the writing of nutritional diagnosis 
(1-14,20,22-23). 

For this reason, the objective of this study is to 
determine the main components of the evaluation of 
nutritional status that allow formulating a nutrition-
al diagnosis in patients with end-stage renal disease 
(ESRD) in hemodialysis (HD). In such a way that the 
clinical health and nutrition professional can select the 
minimum components of the evaluation of nutrition-
al status that make up the nutritional diagnosis in a 
group of patients.

Materials and methods

Cross-sectional, observational, descriptive and 
correlational study, in which the principal component 
analysis method was applied and the main indicators 
of nutritional status in hemodialysis patients were cor-
related. We evaluated 31 outpatients diagnosed with 
chronic renal failure (CKD) between 21 and 84 years 
who were in a hemodialysis program. The study was 
conducted according to the Helsinki declaration and 
the informed consent of all the patients was obtained 
before enrollment.

The evaluation of the nutritional status of patients 
on hemodialysis was made up of the following com-
ponents: 1) anthropometric parameters, 2) biochemi-
cal parameters, 3) dietary parameters and 4) functional 
parameters. 

Anthropometric parameters
The anthropometric measurements were made by 

a specialist in clinical nutrition with 10 years of experi-
ence in Care Process Certification & Medical Therapy 
in Renal Disease. The anthropometric parameters 
evaluated were: current weight (AW), body mass in-
dex (BMI), percent of usual body weight (% UBW), 
percent of standard body weight (% SBW), percent of 
triceps skinfold (% TSF), the percentage of the mid-
upper arm circumference (% MUAC), the corrected 
mid-upper arm muscle area (cAMA).

Next, the method used for its interpretation is de-
scribed. The AW was considered post-hemodialysis 
weight or dry weight. The BMI was interpreted in sub-
jects > 20 and < 65 years of age using the cut-off points 
proposed by the World Health Organization (WHO) 
of 2006. For subjects > 64 years of age, the interpretation 
proposed by the Spanish Society of Parenteral and Enteral 
Nutrition (SENPE) and the Spanish Society of Geriatrics 
and Gerontology (SEGG) of 2007 was used (15-16).

The % UBW was calculated by comparing the AW 
against the usual body weight (UBW) by the following 
formula: %UBW=[(UBW-AW)]/UBW x100, consid-
ering weight loss > 7.5% in three months as a serious 
weight loss. To calculate the % SBW, the bone structure 
of the patient was first determined and classified with 
the tables of the Metropolitan Life Insurance Company. 
Subsequently, the standard body weight (SBW) was ob-
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tained with the tables of the National Health and Nu-
trition Examination Survey (NHANESS II) and finally 
the variation between the patient›s AW with the SBW 
using the formula: %SBW=(AW/SBW)X100; being 
interpreted as malnutrition values < 95% and as excess 
weight at values > 115% (17-20).

To calculate and interpret the % TSF and the % 
MUAC, the TSF and the MUAC were first located 
in the Frisancho percentile tables and then the per-
centages of each were calculated with the following 
formulas: % TSF=[(TSF actual)/(TSF p50)]x100 y 
MUAC=[MUACactual/(MUAC p50)]x100. Finally, 
the TSF was interpreted as adipose tissue excess at val-
ues > 110% and deficit values <90%. Subsequently, the 
cAMA was calculated and according to the Frisancho 
percentile tables, the data located from p5 to p15 were 
interpreted as mild to moderate depletion of muscle 
tissue and the data <p5 as severe depletion of muscle 
tissue (17-20). 

Height and current weight (AW) were taken in 
a single measurement. The triceps skinfold (TSF) and 
mid-upper arm circumference (MUAC) were per-
formed in three measurements repeated by a single 
evaluator. Subsequently, we calculated the technical er-
ror (TEM) intra-evaluator of TSF and MUAC meas-
urements for patients with end-stage renal disease in 
hemodialysis with the following equation: Absolute 
TEM=√(∑▒D2

i)/2n and Relative TEM%=(Absolute 
TEM)/VAV*100. The relative TEM for intra-evalu-
ator verification for TSF were 5.2% and for MUAC 
were 0.6%, this means that the human error for meas-
urements in the study was acceptable.  (21-22).

Biochemical parameters
The biochemical parameters analyzed for the eval-

uation of nutritional status were serum albumin (Alb) 
and total lymphocyte count (TLC). The TLC was cal-
culated with the total leukocyte values (WBC) and the 
percentage of lymphocytes (LYM%) by the following 
formula: TLC=[LYM(%)*WBC(k/uL)]/100, consid-
ering as malnutrition the values ≤ 2000 lymphocytes 
/ mL; and values ≤ 3.5 g/dL were interpreted as mal-
nutrition by serum albumin. Serum phosphorus and 
potassium were also evaluated as metabolic markers 
related to the nutrition of patients on hemodialysis 
(11,23-25).

Dietary parameters
The energy and protein intake was evaluated by 

means of a 3-day food diary also called a food and 
beverage register. Prior to the delivery of the food di-
ary, individual training was provided on the size of the 
portion in household measurements and grams by a 
specialist in clinical nutrition. In turn, the method of 
registering the food diary was taught and the patients 
were asked to record the consumption of two non-
consecutive weekday days and one weekend day. Af-
terwards, the nutrient content of the ingested food and 
beverages of the three days was calculated in the Nu-
trimind© nutrition software and an average of the en-
ergy, protein, phosphorus, potassium, liquid and fiber 
intake of each patient was performed. Finally, the data 
obtained were compared with the values recommend-
ed by the KDOQUI Clinical Practice Guidelines for 
patients on hemodialysis. In the intake of phosphorus, 
potassium, liquids and fiber, an adjustment was made 
to be considered deficient intake at values lower than 
90% compared to those recommended and an exces-
sive intake at values higher than 110% compared to 
those recommended for each nutrient (4,7-9,24-26).

Functional parameters
The hand-grip strength (HGS) was evaluated by 

dynamometry, performing the measurement on the 
non-fistula side or hemodialysis catheter. The meas-
urement was made before the hemodialysis session, 
with the arms in extension, parallel to the body and 
without support, indicating the patients to grasp the 
dynamometer with maximum force. The strength of 
the hand was measured three times with a recovery 
time of one minute, registering the maximum value 
with the muscle strength data. Values lower than the 
10th percentile according to age and sex were inter-
preted as low muscular strength and values between 
the 10th percentile and the 25th percentile categorized 
as below average muscular strength (27).

Statistical analysis 

A Principal Components Analysis (PCA) was 
performed using the Factor procedure in STATA (ver-
sion 12.0). We use the 10 types of nutritional status 
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assessment in our models. In nutritional epidemiol-
ogy, the most used method to derive the nutritional 
diagnosis is ACP with varimax rotation; therefore, the 
factors were rotated by an orthogonal transformation 
(varimax rotation function) to improve the difference 
between the loads, which allowed an easier interpreta-
tion. The number of factors to be retained was deter-
mined using the own values diagram (the Scree graph) 
and the interpretability of the factors.

Results

Of the 31 patients evaluated nutritionally, 39% (n = 
12) corresponded to the female sex and 61% (n = 19) to 
the male sex; with a minimum age of 21 years, a maxi-
mum of 84 years and a mean of 61.1 ± 16.9 years. In 
addition to the diagnosis of CDK, 87% (n = 27) had 
pathological personal history of systemic arterial hyper-
tension (SAH), 68% (n = 21) of diabetes mellitus type 
2 (T2DM), 6% (n = 2) of hyperuricemia, 6% (n = 2) of 
alcoholism and 3% (n = 1) of dyslipidemias (Table 1). 
The results obtained from the evaluation of nutritional 
status in hemodialysis patients are described below:

Anthropometric parameters
The sample of patients on hemodialysis had a mini-

mum AW of 41 kg and a maximum of 117.4 kg, with 
a mean of 70.9 ± 17.9 kg. Regarding the evaluation of 
nutritional status, the results are shown in Table 1, with 
a higher prevalence of normal BMI (54.8%), followed by 
overweight (19.4%) and obesity I (19.4) and without any 
diagnosis of thinness by BMI. However, in the evaluation 
of nutritional status by %UBW it is shown that 26% of 
the population has presented a serious loss of weight, that 
is, they lost more than 5% of weight in a month. Like-
wise, a high prevalence of malnutrition was shown by 
%SBW (58%), a high prevalence of adipose tissue deficit 
(39%) and a greater prevalence of muscle mass depletion 
as measured by %MUAC (45.3%) and cAMA (54.9 %).

Biochemical parameters
A higher prevalence of malnutrition was shown 

when evaluating nutritional status by means of CTL 
than by Alb levels; we observed a frequency of 72.4% 
of the diagnosis of malnutrition by CTL, in contrast 

Table 1. Anthropometric parameters of nutritional assessment

n %

BMI (kg/m2)1

-Severe thinness (<16 kg/m2) 0 0

-Moderate thinness (16 to 16.99 kg/m2) 0 0

-Mild thinness (17 to 18.49 kg/m2) 0 0

-Normal range (18.5 to 24.99 kg/m2) 17 54.8

-Overweight (25 to 29.99 kg/m2) 6 19.4

-Obese class I (30 to 34.99 kg/m2) 6 19.4

-Obese class II (35 to 39.99 kg/m2) 1 3.2

-Obese class III (≥ 40 kg/m2) 1 3.2

%UBW1

-Severe weight loss (in 3 months a weight loss of 7.5%) 7 23

%SBW1

-Severe malnutrition (<70%) 2 6

-Moderate malnutrition (70 to 85%) 8 26

-Mild malnutrition (85.1 to 95%) 8 26

-Normal (95 to 115%) 8 26

-Overweight (115.1 to 130%) 5 16

-Moderate obese (131 to 150%) 0 0

-Severe obese (>150%) 0 0

%TSF1

-Severe deficit of adipose tissue (<70%) 8 26

-Moderate deficit of adipose tissue (70 to 80%) 1 3

-Mild deficit of adipose tissue (80 to 90%) 3 10

-Average adipose tissue (90 to 110%) 8 26

-Excess of adipose tissue (>110%) 11 35

%MUAC1

-Severe muscle tissue deficit (<70%) 2 6.5

-Moderate muscle tissue deficit (70 to 80%) 6 19.4

-Mild muscle tissue deficit (80 to 90%) 6 19.4

-Average muscle tissue (90 to 110%) 15 48.4

-Excess of muscle tissue (>110%) 2 6.5

cAMA1

-Severe depletion of muscle mass (<p5) 11 35.5

-Moderate depletion of muscle mass (p5 to p15) 6 19.4

-Average muscle mass (>p15) 14 45.2
1BMI: Body mass index; %USW: Percent usual body weight; %SBW: 
Percent standard body; %TSF: Percent triceps skinfold thickness; 
%MUAC: Percent mid-upper arm circumference; cAMA: Corrected 
arm muscle area 
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with 13% by Alb. On the other hand, the evaluation 
of the metabolic markers related to the nutrition of 
patients on hemodialysis showed high levels of serum 
phosphorus with a 44% prevalence and elevated levels 
of serum potassium in 71%.

Dietary parameters
The evaluation of nutritional status by dietary param-
eters showed that patients on hemodialysis have a de-
ficient intake of energy (97%) and proteins (84%). In 
addition to a deficient intake of phosphorus (74.2%), 
liquids (68%) and fiber (74%); and an excessive intake 
of potassium (77%).

Functional parameters
There was a high prevalence of low muscular strength 
(92%, n = 24) measured by HGS in the hemodialysis 
patients evaluated. In addition, no patient showed av-
erage muscle strength levels for age and sex, and only 
8% (n = 2) had below-average muscle strength levels.

Principal Component Analysis (PCA)
A PCA was performed with 10 variables of nu-

tritional diagnosis in patients with hemodialysis: En-

ergy Intake, Protein Intake, IBM, %UBW, %SBW, 
%MUAC, cAMA, %TCF, HGS and TLC as well as 
the age of the patients. First, we obtain a matrix of 
correlations between all the variables considered (r of 
Pearson). The basic assumption of factor analysis is 
that the correlation matrix expresses a pattern of rela-
tions between variables that can be deciphered. It can 
be seen in table 4, the significant correlation between 
the variables (p <0.005).

Table 2. Evaluation of nutritional biochemical parameters

n %

Alb1 (n=23)

-Severe malnutrition (<2.5 g/dL) 0 0

-Moderate malnutrition (2.5 - 2.9 g/dL) 1 4

-Mild malnutrition (3 - 3.49 g/dL) 2 9

-Normal (3.5 - 4.5 g/dL) 20 87

TLC1 (n=29)

-Severe malnutrition (<800 lymphocytes/mL) 4 13.8

-Moderate malnutrition (800-1999 lymphocytes/mL) 4 13.8

-Mild malnutrition (1200-1599 lymphocytes/mL) 13 44.8

-Normal (>1600 lymphocytes/mL) 8 27.6

Serum phosphorus levels (n=25)

-Normal values (2.5 - 5 mg/dL) 12 48

-High (>5 mg/dL) 11 44

-Below (<2.5 mg/dL) 2 8

Serum potassium levels (n=28)

-Normal values (3.5 - 5 meq/L) 8 29

-High (> 5 meq/L) 20 71
1Alb: Albumin; TLC: Total lymphocyte count

Table 3. Dietary parameters of nutritional assessment 

n %

Energy intake 

-Inadequate energy intake 30 97

>60 years: <30 cal/kg

<60 years: <35 cal/kg

-Adequate energy intake  0 0

>60 years: 30-35 cal/kg

<60 years: 35 cal/kg

-Excessive energy intake 1 3

>60 years: >35 cal/kg

<60 years: >35 cal/kg

Protein intake

-Inadequate protein intake (<1.1 g/kg) 26 84

-Adequate protein intake (1.1 - 1.2 g/kg) 3 10

-Excessive protein intake (>1.2 g/kg) 2 6

Phosphorus intake1

-Inadequate phosphorus intake (<800 mg) 23 74.2

-Adequate phosphorus intake (800-1000 mg) 6 19.4

-Excessive phosphorus intake (>1000 mg) 2 6.5

Potassium intake1

-Inadequate potassium intake (<40 mg/kg) 0 0

-Adequate potassium intake (40 mg/kg) 7 23

-Excessive potassium intake (>40 mg/kg) 24 77

Fluid intake1

-Inadequate fluid intake (<1000 mL + diuresis) 21 68

-Adequate fluid intake (1000 mL + diuresis) 9 29

-Excessive fluid intake (>1000 mL + diuresis) 1 3

Fiber intake1

-Inadequate fiber intake (<20 g) 23 74

-Adequate fiber intake (20 - 30 g) 8 26

-Excessive fiber intake (>30 g) 0 0
1Inadequate intake: <90% of recommended values; Excessive intake 
>110% of recommended values. 
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With the generation of the correlation matrix, 
we obtain a series of statistical tests that indicated 
whether it is pertinent or not to carry out the factorial 
analysis with the available information. Then, it was 
found that for the Bartlett test, the variables are sig-
nificantly correlated since a value of p-value = 0.0000 
is obtained, so the adjustment of the variables by factor 
analysis is considered appropriate. In addition, for the 
Kaiser-Meyer-Olkin Coefficient (KMO) the value is 
greater than 0.6 (0.661), so it is considered an accept-
able analysis (Table 5).

From the correlation of the main components 
(Table 6), four factors whose value is greater than 0 
were determined and which explain 79.91% of the to-
tal variance. The first factor identified explains 43.85% 
of the variance, the second factor explains 59.74% of 
the variance, factor three the 70.69% of the variance 
and the last factor of 79.91% of the variance.

An orthogonal varimax rotation was performed, 
from which we obtain a matrix of rotated components 
that indicates the correlation between each of the vari-
ables and their corresponding factor. According to the 

matrix of analysis of principal components (PCA) with 
varimax orthogonal rotation, the first factor is made 
up of IBM, %SBW, %MUAC, cAMA. In such a way 
that IBM, %SBW, %MUAC, cAMA, present posi-
tive correlations indicating that an increase in IBM, 
%WBW, %MUAC involves an increase in cAMA. 
The second factor is formed by Energy Intake, Protein 
Intake and %TCF in such a way that when there is a 
decrease in energy and protein intake there is an in-
crease in %TCF. The third factor is formed by age and 
HGS so that when age increases the measure of HGS 
decreases and the fourth factor is made up of %UBW 
and %TCF with a positive correlation (Table 7).

Table 4. Correlation matrix

Variable Age Energy 
Intake

Protein 
Intake

IBM %UBW %SBW %MUAC cAMA %TCF HGS TLC 

Age 1

Energy Intake 0.8830 1

Protein Intake 0.9060 0.0000 1

IBM 0.6454 0.0024 0.0004 1

%UBW 0.5772 0.0150 0.0356 0.0933 1

%SBW 0.0913   0.0005 0.0003 0.0000 0.3235 1

%MUAC 0.7449 0.0325 0.0207 0.0000 0.0214 0.0366 1

cAMA 0.6931 0.0011 0.0005 0.0000 0.0625 0.0000 0.000 1

%TCF 0.5315 0.0743 0.0323 0.0190 0.9663 0.0136 0.3589 0.0558 1

HGS 0.0006 0.3787 0.4393 0.3970 0.5970 0.0422 0.6285 0.3284 0.5256 1

TLC 0.4695 0.0664 0.1826 0.0164 0.0397 0.1163 0.0815 0.0531 0.6560 0.7862 1

Determinant of the correlation matrix P<0.005

Table 5. Bartlett Test of Sphericity and Kaiser-Meyer-Olkin 
measure
Bartlett test Chi-square 234.089

Degrees of freedom 55
p-value 0.000

Kaiser-Meyer-Olkin Measure 
of Sampling Adequacy

KMO 0.661

Table 6. Correlation of principal components 

Component Eigenvalue Difference Proportion Cumulative

Component 1 4.82299 3.0749 43.85% 43.85%

Component 2 1.74809 0.543774 15.89% 59.74%

Component 3 1.20431 0.190118 10.95% 70.69%

Component 4 1.0142 0.258623 9.22% 79.91%

Component 5 .755573 .171305 6.87% 86.77%

Component 6 .584268 .182416 5.31% 92.09%

Component 7 .401852 137625 3.65% 95.74%

Component 8 .264227 .158208 2.40% 98.14%

Component 9 .106019 .036534 0.96% 99.10%

Component 10 .0694851 .0404956 0.63% 99.74%

Component 11 .0289895 . 0.26% 100%

Chi2(45) = 243.27 and P= 0.0000



E. Saenz-Pardo-Reyes, F. Ezzahra Housni, A. López-Espinoza, et al.102

After the varimax rotation, the correlation be-
tween the set of variables that make up the factor 1 
present 29.25% of the total variance. The correlation 
between the variables in factor 2 is 52.38%, factor 3 
represents 68.55% of the total variance and factor 3 of 
79.91% (Table 8).

Discussion

First, it is important to discern the nomenclature 
and the diagnostic criteria used so far to evaluate the 
nutritional status in patients with CDK. The Interna-
tional Society of Renal Nutrition and Metabolism (IS-

RNM) “review and develop standard terminology and 
definitions related to wasting, cachexia, malnutrition, 
and inflammation in CDK and recommends the term 
protein-energy wasting (PEW) for the loss of body 
protein mass and fuel reserves” that has specific crite-
ria for clinical diagnosis (28). For its part, the National 
Kidney Foundation (NKF) developed the K/DOQUI 
guidelines which have a section entitled “Evaluation 
of Protein-Energy Nutritional Status” in patients with 
dialysis, concluding that the nutritional status should 
be evaluated with a combination of different compo-
nents, since there is no single measure that provides a 
complete indication of the protein-energy status. It is 
recommended to evaluate energy and protein intake, 
visceral protein reserves, muscle mass, other dimen-
sions of the body composition and functional status 
to evaluate protein-energy malnutrition (PEM) (24). 

Therefore, it is important to point out that the pur-
pose of the evaluation of nutritional status is to iden-
tify problems related to nutrition and the pathology of 
study, which allow to plan and implement evidence-
based strategies and clinical practice guidelines designed 
to address the identified nutritional problems (1-11,24). 
The objective of this study is to simplify the process of 
evaluation of nutritional status through the PCA.

This study shows that patients with ESRD in HD 
have a high prevalence of PEM diagnosed nutrition-
ally by a severe weight loss determined by %UBW 
(26%), malnutrition by %SBW (58%), adipose tissue 
deficit by %TSF (39%), depletion of muscle tissue by 

Table 7. Matrix rotation

Variable Matrix rotation

Factor 1 Factor 2 Factor 3 Factor 4

Age -0.0587    0.1150    0.9022    0.0968

Energy Intake -0.2714 -0.8934 0.0251 0.1679 

Protein Intake -0.3253 -0.8752 -0.0216 0.0576 

IBM 0.8755 0.3602 -0.1096 0.0475 

%UBW -0.2207 -0.3774 0.0800 0.7456 

%SBW 0.6238 0.4977 -0.3870 0.1914 

%MUAC 0.8681 0.0774 0.1517 -0.2425 

cAMA 0.9138 0.2979    -0.0853 -0.0441 

%TCF 0.2922 0.5040 0.0671 0.5825 

DINAMOTRY 0.0153 0.1970    -0.8508 0.0572 

TLC 0.3953 0.2437 0.1898 -0.4588 

Table 8. Analysis principal component factors 
Principal component Names Location Variance Difference Cumulative

Factor 1
Body composition 

status

IBM

3.21 0.67356 29.25%
%SBW

%MUAC

cAMA

Factor 2 Nutritional risk

Energy Intake

2.54 0.76614 52.38%Protein Intake

%TCF

Factor 3
Functional status 

risk
HGS

1.77 0.52851 68.55%
Age 

Factor 4
Body composition 

stability
%SBW

1.24 . 79.91%
%TCF

Chi2(55) = 243.27 P= 0.0000
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%MUAC (45.3%) and cAMA (54.9%), malnutrition 
by CTL (72.4%), deficient energy intake (97%), defi-
cient protein intake (84%) and low HGS (92%). These 
results agree with cross-sectional analyzes performed 
in patients on HD who have found a prevalence of 
more than 60% of PEM and some authors have cited 
that the HD procedure is a general catabolic event per 
se, which decreases circulating amino acids and accel-
erates proteolysis rates muscle and body mass leading 
to PEM (29-32). It is also important to point out that 
in the sample studied, 68% (n = 21) of the patients 
with ESRD in HD had T2DM and it has been experi-
mentally concluded that diabetes mellitus causes loss 
of muscle proteins by the activation of the ubiquitin-
proteasome pathway with increased expression of the 
ubiquitin gene (33).

In addition to the above, it is relevant to note the 
high prevalence of low HGS (92%) present in patients 
with ESRD in HD and to contrast this fact with the 
results found by BMI and Alb; the BMI did not iden-
tify underweight (0%) as a nutritional problem that 
contributes to the nutritional diagnosis of PEM and 
a low prevalence of malnutrition (13%) was found by 
Alb. Some studies have found that low HGS is not in-
fluenced by dialysis variables and therefore can be used 
as a reliable nutritional marker in HD patients. A sig-
nificant linear trend towards progressively lower values 
of HGS with the degree of malnutrition has also been 
shown (27,30). Therefore, we conclude that HGS can 
be considered an indicator of nutritional risk in pa-
tients with ESRD in HD independently of the results 
of anthropometric and biochemical parameters. Given 
that muscle strength is the first component of the eval-
uation of nutritional status that is affected, reflecting a 
decrease in functionality that will lead to a progressive 
loss of muscle mass that will affect the morbidity and 
mortality of this group of patients.

The objective of the analysis of main components 
was to reduce the number of variables used for the 
evaluation of nutritional status, losing as little infor-
mation as possible. The results of this analysis showed 
that a nutritional diagnosis can be made in patients 
on hemodialysis by means of four main components 
of the evaluation of nutritional status. Also, the re-
sults obtained through the PCA show theoretical and 
practical logic that allowed us to assign names to the 

components. The first component was called the body 
composition status component, the second compo-
nent was the nutritional risk component, the third 
component was functional status risk and the fourth 
component was body composition stability. In the ro-
tation matrix (Table 7) the relation between the com-
ponents and the indicators is observed, being in the 
first component called body composition status a cor-
relation with cAMA (r = 0.9138), IBM (r = 0.8755), 
%MUAC (r) = 0.8681) and %SBW (r = 0.6238), that 
is, the higher the cAMA, IBM, %MUAC and %SBW, 
the greater or better body composition status. As pre-
viously mentioned, these results show theoretical and 
practical coherence, since the anthropometric param-
eters of weight and body mass are related to the body 
composition status (15-20) since several studies have 
shown that decreased levels in these parameters lead to 
a decrease in the quality of life and an increased risk of 
mortality related to PME (34-36).

In the second component called nutritional risk, 
a correlation was observed with energy intake (r = 
-0.8934), protein intake (r = -0.8752) and %TCF 
(0.5040), that is, the lower the energy and protein in-
take, the greater the nutritional risk, or in other words, 
the higher the energy and protein intake, the lower the 
nutritional risk. These results have already been dem-
onstrated in several studies, recognizing as one of the 
main causes of malnutrition in patients on hemodi-
alysis to deficient food intake. On the other hand, the 
correlation between the %TCF with this component 
shows that body fat is a nutritional risk factor, because 
it increases the risk of suffering cardiovascular disease 
(37-40).

In the third component called functional status 
risk, a correlation was found with age (r = 0.9022) and 
HGS (r = 0.8508), that is, higher values of HGS lower 
functional status risk, or said other way at lower values 
of HGS greater functional status risk. Likewise, the 
higher the age, the higher the functional status risk. 
These results agree with the information shown in oth-
er studies in patients on hemodialysis, in which, it has 
been found that a low HGS is related to a lower qual-
ity of life and nutritional status. Likewise, it has been 
pointed out that age is a risk factor for malnutrition 
and morbidity and mortality in patients on hemodi-
alysis 30,41).
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Finally, in the fourth component called body 
composition stability was correlated with the %UBW 
(r = 0.7456) and the %TCF (r = 0.5825), that is, the 
higher %USW and %TCF higher body composition 
stability. Concluding that the body composition sta-
bility is indispensable in patients with end-stage renal 
disease in hemodialysis.

To conclude: The number of variables used for the 
evaluation of nutritional status in the end-stage renal 
disease in hemodialysis was reduced by the PCA to 
four main components called: 1) body composition 
status, 2) nutritional risk, 3) functional status risk and 
4) body composition stability.

Ultimately, this manuscript provides scientific ev-
idence for health and nutrition professionals to make 
decisions about the selection and interpretation of the 
main minimum components for the assessment of nu-
tritional status in the end-stage renal disease in hemo-
dialysis. These conclusions facilitate the medical and 
nutritional care of greater efficiency and quality in this 
group of patients.
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