Int Urol Nephrol (2014) 46:2385-2391
DOI 10.1007/s11255-014-0776-0

NEPHROLOGY - ORIGINAL PAPER

Evaluation of nutritional status with different methods in geriatric
hemodialysis patients: impact of gender

Tezcan Kaya - Savas Sipahi - Cengiz Karacaer -
Ahmet Nalbant - Ceyhun Varim - Hakan Cinemre -
Ali Tamer

Received: 8 April 2014/ Accepted: 19 June 2014 /Published online: 2 July 2014

© Springer Science+Business Media Dordrecht 2014

Abstract

Purpose This study investigated the frequency of mal-
nutrition in geriatric hemodialysis patients according to
biochemical, anthropometric, bioelectrical impedance
analysis (BIA), modified quantitative subjective global
assessment (MQSGA), and geriatric nutritional risk index
(GNRI) methods, and the effect of gender on these dif-
ferent parameters.

Methods A total of 160 chronic hemodialysis patients
(older than 65 years old) were included in this study. There
were 82 males (51.2 %) and mean age was
72.8 £ 6.1 years. Nutritional status of patients was evalu-
ated by using serum albumin, body mass index (BMI),
triceps skinfold (TSF), mid-arm circumference (MAC),
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mid-arm muscle circumference (MAMC), calf circumfer-
ence (CC), BIA, MQSGA, and GNRIL.

Results  The prevalence of malnutrition according to the
aforementioned methods were as following: MAC
62.5 %, MQSGA 60 %, MAMC 50 %, CC 43.1 %, TSF
39.4 %, body fat percentage 33.8 %, albumin 29.1 %,
GNRI 15 %, and BMI 8 %. While malnutrition was found
to be more prevalent among women according to
MQSGA, TSF, and body fat percentage (p = 0.008,
p < 0.001, p = 0.042, respectively), it was more frequent
in men when we used MAC and MAMC (p = 0.012,
p < 0.001, respectively).

Conclusions Our data indicated that while there was a
difference in malnutrition prevalence between female and
male geriatric hemodialysis patients according to MQSGA,
TSF, MAC, and body fat percentage, there was no differ-
ence between genders in terms of malnutrition prevalence
according to GNRI, albumin, BMI, and CC.

Keywords Geriatrics - Hemodialysis - Malnutrition -
Nutritional assessment

Introduction

There is recently a distinct increase in the geriatric patient
population receiving the hemodialysis (HD) treatment due
to the end-stage renal disease (ESRD) [1]. These patients
are under the risk of malnutrition due to some reasons such
as loss of appetite, diet restrictions, loss of nutrients during
dialysis, additional diseases, and hormonal and gastroin-
testinal diseases [2]. The presence of protein-energy
wasting (PEW) in maintenance HD patients is related to the
increase in mortality and morbidity [3]. Besides, since
advanced age also affects mortality and morbidity, the
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presence of malnutrition in geriatric HD patients is much
more important [4].

Periodical evaluation of the nutritional status of dialysis
patients is important in terms of diagnosis, prevention, and
treatment of the malnutrition. There is no reference method
indicating the PEW alone in ESRD patients [5]. Some of
the methods used to evaluate the nutritional conditions of
maintenance HD patients include dietary assessments,
anthropometric measurements, laboratory parameters, dual
energy X-ray absorptiometry, and bioelectrical impedance
analysis (BIA) [5]. Besides, there have been reliable
nutritional screening tools for HD patients which are
indicated to be related to morbidity and mortality, such as
modified quantitative subjective global assessment
(MQSGA), malnutrition inflammation score (MIS), and
geriatric nutritional risk index (GNRI) [5-7].

ESRD patients receiving renal replacement treatment
have a high PEW prevalence. According to various nutri-
tional evaluation methods, malnutrition is reported in 23
and 76 % of adult HD patients [8]. However, there is a lack
of data concerning frequency of malnutrition with different
methods in geriatric HD patients. There are apparently
anthropometric and physiological differences between
male and female patients [9, 10]. On the other hand, there
are no certain data regarding the effect of gender on
nutritional parameters especially in geriatric HD patients.
This study investigated the frequency of malnutrition in
geriatric HD patients according to biochemical, anthropo-
metric, BIA, GNRI, and MQSGA methods, and the effect
of gender on these different evaluation methods.

Patients and methods
Patients

This was a cross-sectional study conducted in three dialysis
units in our city from October to November 2013. The
population of the study involved 160 HD patients aged over
65 years who have been on HD for at least 3 months. All
the patients were receiving HD thrice a week and for
4 + 0.5 h per session. Patients at all three dialysis centers
were receiving dialysis with a standard bicarbonate-con-
taining dialysate bath using a biocompatible HD membrane
(Polysulfone, FX series, Fresenius, Germany). Dialysate
flow rates were 500 mL/min and blood flow rates were
250-350 mL/min. The following patients were excluded
from the study: those who had lower limb amputation or
paraplegia, those who had either a metal stent or a pace-
maker in their bodies, patients with active underlying dis-
ease or infection, and patients who were hospitalized within
the last 3 months prior the study. We also excluded patients
if they had advanced senility or dementia interfering with
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application of the nutritional questionnaire or refused to
cooperate with the study. All clinical data were obtained
from patient’s medical records. Ethics committee of our
university approved the protocol. Written informed consent
was obtained from all patients before the study.

Modified quantitative subjective global assessment

MQSGA that was accepted to be used in evaluating the
nutritional status of HD patients involves seven features:
weight change, gastrointestinal symptoms, dietary intake,
functional capacity, co-morbidity, signs of subcutaneous
fat, and muscle wasting [6]. Each component has a score
from 1 (normal) to 5 (very severe). MQSGA score is a
number between 7 (normal nutrition) and 35 (severely
malnutrition). While lower scores show the normal nutri-
tional condition, higher scores show the malnutrition [6].
MQSGA score of patients was calculated and those with a
score of 11-35 were accepted as malnourished [6].

Geriatric nutritional risk index

It was demonstrated that GNRI was a valid screening
method showing the nutritional status of not only the
elderly patients, but also the HD patients [7]. GNRI was
calculated by modifying the nutritional risk index for
elderly subjects, as reported by Yamada et al. [7]. The
GNRI formula is as follows: GNRI = [14.89 x albumin
(g/dL)] + [41.7 x (weight/ideal body weight)] [7]. Body
weight or ideal body weight was set to one when the
patient’s body weight exceeded the ideal body weight.
Ideal body weight was calculated using height and a body
mass index (BMI) of 22 as Yamada et al.’s study [7]. GNRI
were calculated in all patients. The study of Yamada et al.
[7] suggests GNRI below 91.2 as a clinical trigger for
nutritional support. Thus, patients who had a GNRI lower
than 91.2 were accepted as malnourished.

Anthropometric measurements

Anthropometric parameters are also used as a reliable
means in depicting the nutritional status of HD patients
[11]. Triceps skinfold (TSF), biceps skinfold (BSF), mid-
arm circumference (MAC), and calf circumference (CC)
were measured three times after the dialysis, and these
three measurements were averaged. Arm measurements
were performed on the non-access arm. While MAC and
CC were measured with the metal tape measure, TSF and
BSF were measured with the standard skinfold caliper.
Anthropometric measurements were performed by the
same researcher using standard techniques [11]. Mid-arm
muscle circumference (MAMC) was calculated with the
following formula: MAMC = MAC - (3.1415 x TSF)
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[11]. TSF, MAC, MAMC below the 10th percentile are
other indicators of poor nutritional status [12]. Thus, those
with TSF, MAC, MAMC values below the 10th percentile
according to age and gender were considered malnourished
[12]. Besides, those with CC lower than 30.5 cm according
to both genders were evaluated as malnourished, which
was also suggested by Bonnefoy et al. [13] for elderly
patients. Body mass index (BMI) was calculated as the rate
of post-dialysis body weight (kg) to the square of height
(meter) (kg/mz). According to the suggestions of the World
Health Organization (WHO), those with BMI lower than
18.5 kg/m* were accepted malnourished [7, 14].

Bioelectrical impedance analysis

Body compositions were analyzed by using the Body
Composition Analyzer (Tanita SC 330S) 30 min after the
end of the dialysis. The patient measurements were per-
formed by making the patients stand on the metal side of
the device barefoot and hold their arms free and parallel to
the body. The measurements lasted for approximately
1-2 min for each patient, and the results were printed out
of the device. BIA evaluated the body fat percentage, fat
free mass (FFM), and total body water (TBW).

Laboratory evaluation

Morning blood samples were taken after an overnight fast
for serum albumin, creatinine, hemoglobin, urea nitrogen,
total cholesterol, triglyceride, parathyroid hormone (PTH),
phosphorus, and C-reactive protein (CRP) before the dial-
ysis session. Besides, post-dialysis blood samples were
taken for urea nitrogen to determine urea kinetics by sin-
gle-pool Kt/V [15]. CRP was assayed by using immuno-
turbidimetric method (normal range of CRP: 0-5 mg/L).
Serum albumin levels were measured by using the quan-
titative colorimetric method. All the other laboratory
measurements were performed by using automated and
standardized methods. In accordance with the protocol of
Blackburn et al., patients with albumin lower than 3.5 g/dL
were accepted as malnourished [7, 16].

Statistical analyses

The results were expressed as mean =+ standard deviation
(SD). A comparison between the two groups was per-
formed by using Student’s 7 test for normally distributed
variables, whereas the Mann—Whitney’s U test was used
for non-normal distributed variables. Nonparametric chi-
square test was used to compare nominal variables among
the different study groups. Pearson’s test was used to assess
the linear correlation between the malnutrition-related
parameters. Statistical analysis was performed with the

SPSS software, version 17.0, and a p value less than 0.05
was considered as statistically significant.

Results

Among 160 patients included in the study, 82 were males
(51.2 %). Mean age was 72.8 &+ 6.1 years, and mean HD
duration was 49.3 &£ 41.7 months. Table 1 illustrates
clinical, biochemical, and nutritional parameters of
patients. While weight, FFM, and TBW were found to be
significantly higher in male patients (p = 0.005,
p < 0.001, p < 0.001, respectively), body fat percentage,
TSF, and BSF were found to be significantly higher in
female patients (p < 0.001 in all three) (Table 1). While
MQSGA was significantly higher in female patients com-
pared to male patients (p = 0.004), there was no significant
difference between female and male patients in terms of
GNRI (p = 0.467) (Table 1).

Table 2 illustrates the prevalence of malnutrition in
patients according to different evaluation methods. While
malnutrition was higher in female patients according to
MQSGA, TSF, and body fat percentage (p = 0.008,
p < 0.001, p = 0.042, respectively), it was higher in male
patients according to MAC and MAMC (p = 0.012,
p < 0.001, respectively) (Table 2). No significant difference
was observed between genders in the frequency of malnu-
trition according to albumin, GNRI, BMI, and CC (Table 2).

Table 3 shows the correlation of MQSGA, GNRI, and
TSF with some clinical, laboratory, and anthropometric
parameters concerning the nutritional status. While MQSGA
was negatively correlated with both TSF and GNRI in female
patients (r = —0.381, p = 0.001; r = —0.328, p = 0.003,
respectively), it was negatively correlated with TSF and was
not significantly correlated with GNRI in male patients
(r=-0.227, p = 0.040; r = —0.91, p = 0.414, respec-
tively). There was a significant negative correlation between
MQSGA and MAC, MAMC, and CC; however, GNRI was
not correlated with any of them (Table 3). Figure 1 shows
the negative correlation between MQSGA and GNRI
according to Pearson’s simple correlation model (r =
—0.381; p = 0.001) in geriatric female HD patients.

Discussion

PEW is a problem that affects approximately one-third of
chronic HD patients, increases the hospitalization rate, and
causes deterioration in the recovery of infection [2, 17]. In
their study including 58 HD patients with mean age of
49.2 £+ 14.8, Oliveira et al. [18] reported that malnutrition
prevalence was between 12.1 and 94.8 % according to
different methods. In our study, we found that the
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Table 1 Clinical, biochemical, Parameters All patients (n = 160) Female (n = 78) Male (n = 82) p value
and nutritional parameters of
geriatric hemodialysis patients Age (year) 72.8 + 6.1 73+ 6 727 £ 6.1 0.719
Dialysis duration (month) 49.3 + 41.7 54.7 £ 44.6 44.1 £+ 384 0.198
Hemoglobin (g/dL) 105 £ 1.2 105 £ 1.1 105 £ 13 0.913
Albumin (g/dL) 37104 37+04 38+ 04 0.714
Creatinine (mg/dL) 6.7+ 1.5 6.5+ 1.6 69+ 14 0.102
Kvv 14 £ 0.1 1.5+£0.1 1.4 +£0.1 0.358
Total cholesterol (mg/dL) 174.4 £ 46.8 178.7 £ 484 170.3 £ 45.2 0.269
Triglyceride (mg/dL) 147 £+ 68.1 154.3 £ 79.1 139.9 £+ 55.5 0.432
PTH (pg/mL) 316 £+ 222 342 + 253 292 + 187 0.410
Phosphorus (mg/dL) 47+ 14 46 £ 15 47+£12 0.836
CRP (mg/L) 10.1 £ 74 9.6 £ 7.3 10.7 £ 7.6 0.421
Weight (kg) 64.8 + 13.7 61.7 £ 14 67.8 £ 12.8 0.005
BMI (kg/m2) 246 + 4.6 25+5 242 £ 4.2 0.269
Percentage body fat 272 £ 10 324 +£ 104 234 + 7.8 <0.05
Fat free mass (kg) 47.1 £ 8.7 40.7 + 6.4 519 £ 7.1 <0.05
PTH parathyroid hormone, CRP 1.1 pody water (kg) 345 + 6.4 29.8 + 4.7 38 4+ 52 <0.05
C-reactive protein, BMI body
mass index, TSF triceps skinfold TSF (mm) 11.8 £ 6 14.1 £ 6.7 9.6 £42 <0.05
thickness, BSF biceps skinfold BSF (mm) 11+53 123+ 6 9.8 £ 44 <0.05
thickness, MAC mid-arm_ MAC (cm) 254 +35 254 44 253 + 3.1 0.733
f;f;gif:ﬁ;g:gg xd'arm MAMC (cm) 2194238 215+ 3.1 22425 0.108
centimeter, MOSGA modified Calf circumference (cm) 31.7 £ 4.1 314 £ 45 32 £36 0.359
quantitative subjective global MQSGA 124 + 4.1 134 + 4.7 114 +32 0.004
assessment, GNRI geriatric GNRI 103.7 £ 11.9 104.4 + 134 103 £ 10.3 0.467
nutritional risk index
Table 2 Prevalence of malnutrition according to different methods in geriatric hemodialysis patients
Parameter of nutritional assessment All patients (%) (n = 160) Female (%) (n = 78) Male (%) (n = 82) p value
Albumin <3.5 gr/dl 29.1 (46) 29.5 (23) 42.7 (35) 0919
MQSGA score = 11-35 60 (96) 57.3 (55) 42.7 (41) 0.008
GNRI <91.2 15 (24) 17.9 (14) 12.2 (10) 0.213
BMI <18.5 kg/m? 8.1 (13) 11.5 9) 4.9 4) 0.124
Percentage body fat below normal 33.8 (54) 41 (32) 26.8 (22) 0.042
TSF (<10th percentile) 39.4 (63) 56.4 (44) 23.2 (19) <0.001
MAC (<10th percentile) 62.5 (100) 52.6 (41) 72 (59) 0.012
MAMC (<10th percentile) 50 (80) 26.9 (21) 72 (59) <0.001
Calf circumference (<30.5 cm) 43.1 (69) 43.6 (34) 42.7 (35) 0.908

Values of TSF, MAC, and MAMC were evaluated according to gender and age group percentile (12). MOSGA modified quantitative subjective
global assessment, GNRI geriatric nutritional risk index, BMI body mass index, TSF triceps skinfold thickness, MAC mid-arm circumference,

MAMC mid-arm muscle circumference

prevalence of malnutrition ranged from 8.1 to 62.5 %
(Table 2). Our study results are important as there is no
much data about different nutritional evaluation methods in
the geriatric HD patient population. While the lowest
malnutrition prevalence was found in the evaluation with
BMI, the highest value was found in the evaluation with
MAC in our study (Table 2). Besides, it was also found
that the highest malnutrition prevalence was in the evalu-
ation with MQSGA in 57.3 % of female patients and in the
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evaluation with MAC and MAMC in 72 % of male patients
(Table 2). Our results showed that the frequency of mal-
nutrition varied according to the evaluation method and
gender in geriatric HD patients.

In our study, the mean MQSGA of geriatric HD patients
was 12.4 £ 4.1, and according to MQSGA, 60 % of
patients were malnourished. Besides, the malnutrition was
significantly higher in female patients compared to male
patients (Table 2). Kalantar-Zadeh et al. [6] found the
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Table 3 Correlation coefficients between malnutrition-related parameters in geriatric hemodialysis patients

TSF (mm)

GNRI

MQSGA

Male

Female

Male

Female

Male

Female

—0.388* (p < 0.001) —0.108 (p = 0.336)

0.073 (p = 0.515)

—0.080 (p = 0.485)

0.003)
0.004)

—0.181 (p = 0.104)

0.322% (p
—0317* (p

0.008)
0.002)
0.001)

0.014 (p = 0.934)

—0.440* (p < 0.001)

0.299% (p
—0.350% (p
—0.357* (p

Dialysis duration (month)
Albumin (gr/dL)
BMI (kg/m2)

0.020)

0.660* (p < 0.001)

0.256% (p

0.019)

0.630* (p < 0.001)

0.589% (p < 0.001) 0.594* (p < 0.001) 0.265% (p

0.105 (p = 0.350)

0.114 (p = 0.321)

0.526* (p < 0.001)

0.001)

0.776* (p < 0.001)

0.520% (p

0.014 (p = 0.934) 0.000 (p = 0.999)

0.185 (p = 0.199)

Percentage body fat (%)

MAC (cm)

0.606* (p < 0.001)

0.108 (p = 0.335)

0.161 (p = 0.159

0.003)
0.026)

—0.426* (p < 0.001)

—0.327% (p
—0.246% (p

0.008)

0.574* (p < 0.001)

0.290% (p

0.530* (p < 0.001)

0.003 (p = 0.976)

= 0.097 (p = 0.397

0.002)

—0.521% (p < 0.001)

—0.343% (p

MAMC (cm)
CC (cm)

0.640* (p < 0.001)

0.053 (p = 0.634)

0.164 (p = 0.152)

Pearson’s correlation test was used to determine correlation between parameters. p values are shown in parentheses after each r value. *Statistically significant r values (p < 0.05)

MQOSGA modified quantitative subjective global assessment, GNRI geriatric nutritional risk index, TSF triceps skinfold thickness, BMI body mass index, MAC mid-arm circumference, MAMC

mid-arm muscle circumference, CC calf circumference

160,0 -

140,0 -

120,0

100,0 1

80,0

° R? Linear = 0,108

Geriatric nutritional risk index

60,0 T T T T T T T
5 10 15 20 25 30 35

Modified quantitative subjective global assessment

Fig. 1 Negative correlation between modified quantitative subjective
global assessment and geriatric nutritional risk index according to
Pearson’s simple correlation model in geriatric female hemodialysis
patients (r = —0.381; p = 0.001)

mean MQSGA as 109 = 4 in 81 HD patients who had
mean age of 57.2 £ 12.9 and stated that there was no
difference between female and male patients in terms of
MQSGA. Similarly, Houa et al. found that mean MQSGA
was 9.8 £ 5 in 84 HD patients (mean age = 50.6 £ 16.3)
and detected no difference between genders in terms of
MQSGA [20]. Comparing our results with these studies, it
seems that malnutrition is encountered more frequently in
geriatric HD patients compared to younger adults. Besides,
it could be asserted that female geriatric HD patients were
under a higher risk of malnutrition compared to male
patients.

GNRI is a screening tool that is proven to be reliable in
determining the nutritional risk not only in geriatric
patients, but also in adult HD patients [7]. In our study,
malnutrition was found in 24 % of patients according to
GNRI and no difference was observed between genders.
Similarly, no difference was found between GNRI and
gender by Yamada et al. in 422 patients who had a mean
age of 63.8 & 12.2 and by Ferng et al. in 179 patients who
had a mean age of 64.7 & 13.7 [7, 20]. Yamada et al. [7]
reported that patients with lower GNRI (<91.2) had lower
TSF, albumin, percentage body fat, and higher age. In our
study, no correlation was found between GNRI and
anthropometric parameters such as MAC, MAMC, and CC;
however, a significant negative correlation was found
between MQSGA and these parameters (Table 3). Thus,
MQSGA could be more useful compared to GNRI, in
evaluations including body fat amount and muscle mass of
geriatric HD patients.

In our study, while the patients with TSF lower than
10th percentile and body fat percentage below normal were
found to be higher in females, the patients with MAC lower
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than 10th percentile and MAMC lower than 10th percentile
were found to be higher in males (Table 2). In a study
among HD patients with a mean age 57.2 £ 12.9, Kalan-
tar-Zadeh et al. [6] reported that TSF, BSF, MAC, and
MAMC evaluations did not differ between genders. While
the measurements of TSF and BSF give information about
the body fat amount, MAC and MAMC give information
about the muscle mass [21]. According to our results, it
could be asserted that while female geriatric HD patients
had more fatty tissue loss, male patients had more muscle
mass loss. Thus, it could be accurate to evaluate the
anthropometric measurements of geriatric HD patients
differently from younger patients. Additionally, our study
demonstrated that there were significant differences in the
anthropometric evaluations of geriatric HD patients
according to gender (Table 1).

Indicating the visceral protein stores, serum albumin is
frequently used in evaluating the nutritional status of
dialysis patients [22]. Albumin is closely related with
morbidity and mortality in HD patients [23]. In our study,
29.1 % of patients had an albumin lower than 3.5 gr/dL
and there was no difference between gender groups
(Table 2). We also found a significant correlation between
both genders in terms of albumin and all of MQSGA,
GNRI, and TSF in our study (Table 3). Kalantar-Zadeh
et al. [6] also reported a correlation between albumin and
MQSGA.

BIA is an objective, reliable, non-invasive, cheap, and
repeatable method that evaluates the hydration status and
body components of HD patients [24]. It was recently
reported that body composition monitor assessing malnu-
trition in the HD population independently predicts the
mortality [25]. In our study, while FFM and TBW were
significantly higher in male patients, the body fat per-
centage was higher in female patients (Table 1). However,
the number of female patients whose body fat percentage
was below normal was significantly higher than male
patients (Table 2). In their study that was conducted with
748 HD patients, Rosenberger et al. [25] also found a
relation between the low lean tissue index and the female
gender. According to our findings, malnutrition was higher
in female geriatric HD patients in evaluation with BIA
compared to male patients.

BMI was accepted by WHO as the nutritional anthro-
pometric reference marker [14]. In our study, we found that
the mean BMI was similar in female and male patients
(Table 1). Kalantar-Zadeh et al. [6] also found the BMI as
almost equal in both genders. In our study, BMI was lower
than 18.5 kg/m2 in 8.1 % of patients and there was no
difference between genders (Table 2). In their study that
was performed with 84 HD patients who had an age
average of 50.6 £ 16.3, Houa et al. [19] reported that BMI
was lower than 18.5 kg/m? in 16.6 % of patients. BMI is
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directly correlated with the body fatness [26]. In our study,
BMI was found to be significantly correlated with TSF in
both genders, which supports this data (Table 3). On the
other hand, the BMI cutoff point is controversial for mal-
nutrition in dialysis patients [18].

In our opinion, this study has some limitations. Firstly,
there are views suggesting different cutoff values espe-
cially for albumin, BMI, and anthropometric values for HD
patients in methods that are used in the nutritional evalu-
ation. Thus, it is possible to make evaluations according to
different cutoff points. Secondly, the percentile values used
for anthropometric measurements did not belong to our
country.

In conclusion, our data indicate that while malnutrition
were encountered at a higher rate in female geriatric HD
patients according to MQSGA, TSF, and the percentage
body fat compared to male patients, there was no differ-
ence between genders according to GNRI, albumin, BMI,
and CC. While MQSGA, percentage body fat, FFM, and
TSF had significant difference in the nutritional evaluation
of geriatric HD patients according to gender, there was no
difference in GNRI, albumin, BMI, MAC, and CC.
Besides, our results show that while MQSGA is signifi-
cantly and negatively correlated with TSF, MAC, MAMC,
and CC in both genders in geriatric HD patients, there was
no significant correlation between GNRI and these
parameters.

Conflict of interest None.

References

1. Canaud B, Tong L, Tentori F, Karaboyas A, Pisoni R, Port F,
Akiba T, Gillespie B, Akizawa T (2011) Clinical practices and
outcomes in elderly hemodialysis patients: results from the
Dialysis Outcomes and Practice Patterns Study (DOPPS). Clin J
Am Soc Nephrol 6:1651-1662

2. Carrero JJ, Stenvinkel P, Cuppari L, Ikizler TA, Kalantar-Zadeh
K, Kaysen G, Mitch WE, Price SR, Wanner C, Wang AY, Wee P,
Franch HA (2013) Etiology of the protein-energy wasting syn-
drome in chronic kidney disease: a consensus statement from the
International Society of Renal Nutrition and Metabolism (IS-
RNM). J Ren Nutr 23:77-90

3. Kalantar-Zadeh K, Kopple JD (2004) Malnutrition as a risk factor
of morbidity and mortality in patients undergoing maintenance
dialysis. In: Kopple JD, Massry SG (eds) Kopple and Massry’s
nutritional management of renal disease, 2nd edn. Lippincott
Williams & Wilkins, Philadelphia, pp 183-198

4. Yang X, Fang W, Kothari J, Khandelwal M, Naimark D, Jassal
SV, Bargman JM, Oreopoulos DG (2007) Clinical outcomes of
elderly patients undergoing chronic peritoneal dialysis: experi-
ences from one center and a review of the literature. Int Urol
Nephrol 39:1295-1302

5. Riella MC (2013) Nutritional evaluation of patients receiving
dialysis for the management of protein-energy wasting: what is
old and what is new? J Ren Nutr 23:195-198



Int Urol Nephrol (2014) 46:2385-2391

2391

6.

10.

11.

12.

13.

14.

15.

16.

17.

Kalantar-Zadeh K, Kleiner M, Dunne E, Lee GH, Luft FC (1999)
A modified quantitative subjective global assessment of nutrition
for dialysis patients. Nephrol Dial Transplant 14:1732-1738

. Yamada K, Furuya R, Takita T, Maruyama Y, Yamaguchi Y,

Ohkawa S, Kumagai H (2008) Simplified nutritional screening
tools for patients on maintenance hemodialysis. Am J Clin Nutr
87:106-113

. Ikizler TA, Hakim RM (1996) Nutrition in end-stage renal dis-

ease. Kidney Int 50:343-357

. Ueno K, Sato H (2012) Sex-related differences in pharmacoki-

netics and pharmacodynamics of anti-hypertensive drugs. Hy-
pertens Res 35:245-250

Depner T, Daugirdas J, Greene T et al (2004) Dialysis dose and
the effect of gender and body size on outcome in the HEMO
study. Kidney Int 65:1386—1387

Fouque D, Vennegoor M, Wee PT et al (2007) EBPG Guideline
on nutrition. Nephrol Dial Transplant 22(Suppl 2):45-87
Frisancho AR (1981) New norms of upper limb fat and muscle
areas for assessment of nutritional status. Am J Clin Nutr 34:2540
Bonnefoy M, Jauffret M, Kostka T, Jusot JF (2002) Usefulness of
calf circumference measurement in assessing the nutritional state
of hospitalized elderly people. Gerontology 48:162-169

World Health Organization (1995) Physical status: the use and
interpretation of anthropometry. Geneva 452

National Kidney Foundation (2000) Kidney disease outcomes
quality initiative clinical practice guidelines for nutrition in
chronic renal failure. Am J Kidney Dis 35:17-104

Blackburn GL, Bistrian BR, Maini BS, Schlamm HT, Smith MF
(1977) Nutritional and metabolic assessment of the hospitalized
patient. J Parent Ent Nutr 1:11-22

Steiber AL, Handu DJ, Cataline DR, Deighton TR, Weatherspoon
LJ (2003) The impact of nutrition intervention on a reliable
morbidity and mortality indicator: the hemodialysis prognostic
nutrition index. J Ren Nutr 13(3):186-190

18.

19.

20.

21.

22.

23.

24.

25.

26.

Oliveira CM, Kubrusly M, Mota RS, Silva CA, Oliveira VN
(2010) Malnutrition in chronic kidney failure: what is the best
diagnostic method to assess? J Bras Nefrol 32(1):55-68

Houa Y, Li X, Hongc D, Zoua H, Yanga L, Chena Y, Doua H,
Dua Y (2012) Comparison of different assessments for evaluating
malnutrition in Chinese patients with end-stage renal disease with
maintenance hemodialysis. Nutr Res 32:266-271

Ferng SH, Chen MY, Fan WC (2013) Use of the geriatric
nutritional risk index for nutritional screening in patients on
maintenance hemodialysis. Acta Nephrologica 27(1):41-47
Hakim R, Tevin N (1993) Malnutrition in hemodialysis patients.
Am J Kidney Dis 21:125-137

Yeun JY, Kaysen GA (1998) Factors influencing serum albumin
in dialysis patients. Am J Kidney Dis 32(suppl 4):118-125
Owen WF, Lew NL, Liu Y, Lowrie EG, Lazarus JM (1993) The
urea reduction ratio and serum albumin concentration as predic-
tors of mortality in patients undergoing hemodialysis. N Eng J
Med 329:1001-1006

Maggiore Q, Nigrelli S, Ciccarelli C, Grimaldi C, Rossi GA,
Michelassi C (1996) Nutritional and prognostic correlates of
bioimpedance indexes in hemodialysis patients. Kidney Int
50(6):2103-2108

Rosenberger J, Kissova V, Majernikova M, Straussova Z, Bol-
dizsar J (2014) Body composition monitor assessing malnutrition
in the hemodialysis population independently predicts mortality.
J Ren Nutr. doi:10.1053/j.jrn.2014.01.002

Leavey S, McCullough K, Hecking E, Goodkin D, Port F, Young
E (2001) Body mass index and mortality in “healthier” as
compared with “sicker” haemodialysis patients: results from the
dialysis outcomes and practice patterns study (DOPPS). Nephrol
Dial Transplant 16:2386-2394

@ Springer


http://dx.doi.org/10.1053/j.jrn.2014.01.002

	Evaluation of nutritional status with different methods in geriatric hemodialysis patients: impact of gender
	Abstract
	Purpose
	Methods
	Results
	Conclusions

	Introduction
	Patients and methods
	Patients
	Modified quantitative subjective global assessment
	Geriatric nutritional risk index
	Anthropometric measurements
	Bioelectrical impedance analysis
	Laboratory evaluation
	Statistical analyses

	Results
	Discussion
	Conflict of interest
	References


