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Abstract

Background & aim of the study: Malnutrition is a common health problem and a marker of poor prognosis among hemodialysis
patients Assessment of nutritional status of these patients is necessary to prevent this problem. NGAL is an iron transporting
factor which increases in the serum in acute and chronic kidney disease. The aim of our study is to assess the use of NGAL as a
marker of malnutrition in patients with stage 5 CKD treated by hemodialysis.

Subjects & methods: A cross-sectional study including 80 regular hemodialysis (HD) patients (51 males and 29 females),
subjected to anthropometric measurements (Dry body weight, height, body mass index (BMI), Triceps skin fold thickness (TSF),
Mid-upper arm circumference (MAC), Mid- arm muscle circumference (MAMC), Mid- arm muscle area (MAMA). Serum Neutrophil
Gelatinase-associated Lipocalin level , Serum albumin, Blood urea, Complete blood count, Serum electrolytes were measured.
Results: In our study 100% of CKD having mild degree of malnutrition according to subjective global assessment SGA, MIS.
Twenty-four hours dietary recall confirmed that most of patients were with low protein (96.2%) and calorie (68.8%) contents.
NGAL serum levels were significantly (P=0.018) reduced in hemodialysis patients compared to control group and the level
correlated with the severity of malnutrition. NGAL serum levels were significantly correlated with SGA (r =o, 247 P =0.027) and
albumin serum levels (r =0.402, P<0.001). NGAL serum levels had a good ability (AUC=0.845) to predict severe malnutrition with
good sensitivity (83.3%) and specificity (78.4%).

Conclusion: NGAL is well correlated with other standard markers used routinely in assessment of nutritional status of

hemodialysis patients. Its serum levels had a good diagnostic power for malnutrition in haemodialysis patients.
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prevalence (13.4%) [1]. Of whom 78% reside in low-income
to middle-income countries (LMICs) [2]. This disease is a
component of a new epidemic of chronic conditions that
replaced malnutrition and infection as leading causes of
mortality during the 20" century [3]. End-stage renal disease
(ESRD) is one of the main health problems in Egypt. Currently,
hemodialysis represents the main mode for treatment of
chronic kidney disease stage 5 (CKD5) [4].

Malnutrition is considered a marker of poor prognosis
in CKD. It is common among patients on maintenance
hemodialysis. A 40% prevalence of malnutrition was found
in patients with advanced renal failure at the beginning of
dialysis treatment and is associated with higher rates of
morbidity and mortality [5]. The patients’ nutritional status
is inversely associated with increased risk of hospitalization
and mortality; thus constituting an important risk factor
for the outcome of these patients .Therefore, assessing the
nutritional status of patients is essential both to prevent
malnutrition and to indicate appropriate intervention in
malnourished patients, as well as success of dialysis is
dependent on adequate nutrition [6]. Because malnutrition
is the major co-morbid condition of patients on dialysis,
regular monitoring of nutritional status, delivering adequate
food intake, maintenance of adequate dialysis dose and
therapeutic intervention are necessary. Dietary counselling
should be a part of treatment to provide adequate calorie
and protein intake [7].

Neutrophil gelatinase-associated lipocalin (NGAL or LCN2)
is an iron-transporting factor, Its circulating concentrations
are elevated in acute and chronic kidney diseases and show a
positive correlation with poor renal outcome and mortality,
Low serum NGAL levels appear to be associated with
current malnutrition and also its progressive worsening in
maintenance HD patients [8]. To the best of our knowledge
only one study sassed NGAL levels in maintenance HD
patients and its association with nutritional status and
markers of malnutrition.

Patients and Methods

Study Population

In this cross sectional study 80 regular HD patients (51
male and 29 females) were selected from two dialysis units
of Dakahlia Governorate hospitals, Egypt over a period of
one year. The dialysis ventage ranged was from 3 to 4 hour,
three times weekly as dialysis schedule, with a blood flow
rate range from 250 to 400 ml/min, the dialysate flow rate
ranged from 500 to 800 ml/min and bicarbonate dialysis
prescription was performed for all patients. All patients were
dry-weight stable for at least 2 months before the start of the
study.

Patients with acute kidney injury, Patients with obvious
cause of malnutrition, Age below 18yeras or above70years
,Patients with acute illness or hospitalization within the
last 3months, Patients with decompensated liver cirrhosis,
Patients with decompensated heart failure, Patients with
respiratory insufficiency, Patients with dementia, psychosis,
depression or neurological diseases, History of therapy with
corticosteroids or immunosuppressive drugs within the last 6
months were excluded from the study .

All cases of this study were interviewed face-to-face where
detailed medical history were taken including: Socioeconomic
data (education, income, family size), History fulfilled the
SGA and malnutrition inflammation score (MIF), Dietary
record: The patient were asked to record: Twenty-four hours
dietary recall for 3 days. Food frequency questionnaire (FFQ)
for commonly consumed food per week was taken.

Anthropometric measurement:

Dry body weight, height, body mass index (BMI) = weight
(kg) / height (m?), Triceps skin fold thickness (TSF) was taken
on the non-fistula arm, using Harpenden skin fold callibar.
Mid _upper arm circumference (MAC), Mid_ arm muscle
circumference (MAMC), MAMC (cm) (= MAC (cm) - [TSF
(em) x 0. 314], and mid- arm muscle area (MAMA) were
measured.

Biochemical Measurements

Neutrophil Gelatinase-associated Lipocalin Level in blood
using commercially available ELIZA Kkits. Peripheral venous
samples were taken under fasting conditions and were
obtained from all patients in pre dialysis session. The mid-
week session was selected for sampling and samples were
analysed according to standard methods used in the routine
clinical laboratory. NGAL was measured in the serum using
the ELISA commercially available kit (NOVA) bioneovan
company, China. According to the manufacture’s instruments
and its level was expressed as ng/ml. Serum albumin, Blood
urea, Complete blood count. Serum electrolytes.

Routine clinical laboratory parameters were collected from
patient’s sheets such as:-serum urea, serum albumin, serum
electrolytes and complete blood picture (CBC). Dialysis
adequacy was assessed by monthly calculation of Single
pool Kt/v (spKt/V), using the Daugirdas second-generation
formula.

Statistical Analysis

The collected questionnaires were subjected to revision, and
the collected data were coded, processed and analyzed using
the Statistical Package of Social Science (SPSS) program for
Windows (Standard version 22).The available information
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was assessed with one-sample Kolmogorov-Smirnov test.
Qualitative data were defined by utilizing number and
percentages. Continuous variables were evaluated as mean
+ standard deviation for parametric information and median
for non-parametric information. The two paired groups
were compared with paired t test for parametric data and
Wilcoxon signed rank test for non-parametric data. ANOVA
test was utilized to evaluate more than 2 means while
kruskilwallis test was used to compare more than 2 medians.
Pearson correlation was utilized to correlate continuous
parametric information while Spearman correlation was
used to correlate continuous non parametric data. Sensitivity
and specificity at various cut off points were evaluated by
ROC curve.

Level of Significance

For all above statistical tests performed, the threshold
of significance is stationary. Non-significant when the

possibility of mistake is above 5% (p > 0.05). Significant
when the possibility of mistake is below 5% (p < 0.05). The
lesser the p-value acquired, the higher significant are the
result.

Results

Epidemiological Data

The present study included 80 CKD patients stage V treated
by chronic dialysis therapy with dialysis duration of 4-h
sessions three times per week .As regard gender distribution,
males were 51 cases (63.8%) of all studied cases, while
females were 29 cases (36.2%). Demographic and laboratory
data among the studied group are given in table 1.
Subjective Global Assessment (SGA)

A: mild malnutrition

B: moderate malnutrition

C: severe malnutrition

Demographic and Study group (n=80)
Laboratory data Mean * SD Min-Max
Age / years 55.82+7.07 45-70
Weight(kg) 71.50+11.13 42.5-98
Height(cm) 166.19+4.67 158-178
BMI kg\m? 42.99+6.43 25.44-57.98
Gender
Male 51 (63.8%)
Female 29 (36.2%)
T.S.F Median=10 2-42
M.A.C 29.75+5.31 20-43
M.A.M.C(cm) 25.36+5.48 13.09-43.42
M.A.M.A(cm?) 2.04+0.45 1.04-3.45
N.G.A.L mg\L Median=51.89 11.42-267.04
Alb(gm\dl) 3.92+0.62 2.70-5.10
Na (meq\L) 146.89+£10.96 125-171
Ca(meq\L) 8.76£1.24 6-12.6
KtV 1.36+0.35 0.32-2.18
K(meq\L) 4.60+0.91 2.70-6.80
URR 66.68+10.96 21-85

(T.S.F) Triceps skin fold.

(M.A.C) mid arm circumference.

(M.A.M.C) mid arm muscle circumference.
(M.A.M.A) mid arm muscle circumference area.

(U R R) urea rate reduction
Table 1: Demographic data among the studied group.
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Prevalence of Malnutrition

According to Subjective Global Assessment (SGA) out of 80
CKD patients, 67.5% were mild malnourished (SGA 6-7),
25% were moderately malnourished (SGA 3-5) and 7.5%
were severely malnourished (SGA 1-2). In this study, we
use Twenty-four hours dietary recall and we found most

of patients were with low protein (96.2%) and calorie
(68.8%) contents. Similar to SGA, MIS revealed that 66.2%
of patients were mild-, 26.2% were moderate- and 7.5 were
sever-malnourished. Subjective global assessment, Protein
content, Calories content and Malnutrition inflammation
score among the studied group are given in Table 2.

Study group (n=80)

Variables

No | %

Subjective global assessment

Median (Min-Max)

A 54 67.5
B 20 25.0
C 6 7.5
Protein content
Normal 2 2.5
Low 77 96.2
High 1 1.2
Calories content
Normal 15 18.8
Low 55 68.8
High 10 12.5
Malnutrition inflammation score
Mild 53 66.2
Moderate 21 26.2
Sever 6 7.5
Malnutrition
inflammation score 6.5 (3-24)

Table 2: Subjective global assessment, Protein content, Calories content and Malnutrition inflammation score among the studied

group.

Correlation Between Serum NGAL and Demographic
and laboratory Criteria

We did not find any correlation between plasma NGAL

levels and any of the demographic or laboratory variables
however there were a direct correlation between albumin
(p=<0.001&,r=0.402) and SGA(p=0.402&r=-0.247) (data are
given in table 3 and figures 1 and 2).

Figure 1: Scatter diagram for negative correlation between NGAL and Subjective global assessment.
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Figure 2: Scatter diagram positive correlation between NGAL and Subjective global assessment.

Variables NGAL
R P
Age 0.026 0.821
Weight 0.009 0.935
Height -0.129 0.255
B.M.I 0.034 0.766
T.S.F -0.006 0.960
M.A.C 0.065 0.570
M.A.M.C 0.056 0.624
M.A.M.A -0.010 0.926
Alb 0.402 <0.001*
Na 0.027 0.812
Ca 0.052 0.647
Kt V 0.023 0.840
K 0.127 0.263
Hb 0.013 0.910
R.B.C.s -0.010 0.929
W.B.C.s 0.144 0.202
Plat 0.169 0.134
B.I_before -0.101 0.375
B.I_After -0.105 0.353
Cr_before 0.040 0.725
Cr_After -0.047 0.682
Subjective global assessment -0.247 0.027*

R: Spearman correlation
*: significant P value
Table 3: Correlation between N.G.A.L and demographic and laboratory parameters.
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Correlation Between NGAL Levels and other

Markers of Maluntrion

Spearman correlation analysis revealed that NGAL serum
levels were significantly correlated with SGA (r =o, 247
P =0.027) and albumin serum levels (r =0.402, P<0.001)
(Figures 1& 2).

Correlation Between KT /v and Clinical Markers of
Nutrition

This table show significant positive correlation between Kt\V

and B.M.], T.S.F, M.A.C, Alb, Na, Blood urea before dialysis and
subjective global assessment. Also interpret nonsignificant
positive correlation between Kt / V and Age, Weight, Height,
M.AM.C, M.AAM.A, Ca, K, Hb and Platelets.

On the other hand it shows significant negative correlation
with Blood urea after dialysis and Creatinine after dialysis.
Also non-significant negative correlation with R.B.C.s x
1073, W.B.Cs, and Creatinine before dialysis, with their
corresponding p value (Table 4).

Variables Ke.V
r P

Age 0.035 0.755

Weight 0.149 0.186

Height 0.121 0.284
B.M.I 0.223 0.047*
T.S.F 0.354 0.001*
M.A.C 0.248 0.026*

M.A.M.C 0.054 0.632

M.A.M.A 0.087 0.443
Alb 0.275 0.014*
Na 0.429 <0.001*

Ca 0.011 0.921

K 0.182 0.107

Hb 0.204 0.070

R.B.C.s -0.128 0.258

W.B.C.s -0.104 0.358

Plat 0.172 0.126
B.I_before 0.352 0.001*
B.I_After -0.724 <0.001*

Cr_befor -0.112 0.324
Cr_After -0.256 0.022*
Subjective global assess-

ment 0.468 <0.001*

R: Pearson correlation

Table 4: Correlation between KT V and other parameters.

Receiver Operating Characteristic Analysis (ROC
curve)

In this study NGAL serum levels were significantly (P=0.018)
reduced with the severity of malnutrition. Using ROC curve
analysis, NGAL serum levels had a good ability area under the

curve(AUC=0.845) to predict severe malnutrition with good
sensitivity (83.3%) and specificity (78.4%).95%confidence
interval (CI)(0.70-0.98).The best NGAL cut-off value able
to identify sever subjective global assessment was found to
be<35.68 (Table 5 and figure 3).
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95% CI

AUC Cut off
Lower Upper

Sensitivity

Specificity PPV NPV Accuracy

0.845 0.70 0.98 <35.68

83.3%

78.4% 23.8% 98.3% 78.7%

AUC: area under the curve, CI: confidence Interval, PPV: positive predictive value, NPV: negative predictive value.
Table 5: Roc curve for prediction of Sever Subjective global assessment by Serum NGAL.

ROC Curve
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Figure 3: Roc curve for prediction of Sever Subjective global assessment by Serum NGAL.
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Discussion

Chronic kidney disease (CKD) is an enormous public health
problem that is inexorably characterized by very high health
care costs and poor health outcomes [9]. Complications
of CKD represent significant burden on global healthcare
resources and only few countries have sufficiently robust
economies to meet the challenge posed by this disease [5].
Malnutrition was defined according to the American Society
for Parenteral and Enteral Nutrition as “an imbalance
between nutrient intake and requirement causing cumulative
deficits of protein, energy or micronutrients that may
negatively affect development, growth and other relevant
outcomes [10]. CKD patients are at substantial malnutrition
risk and many studies reported high malnutrition prevalence
rate in both children and adults with CKD. Malnutrition
pathogenic mechanisms in CKD are complex and involve
multiple pathophysiologic alterations including hormonal
derangements, decreased appetite and nutrient intake,
metabolic imbalances, increased catabolism, inflammation,
and dialysis related abnormalities [10].

Several studies reported that between 28% and 65% of
CKD patients are having malnutrition based on different
criteria used for diagnosis, including patients undergoing

maintenance Haemodialysis [11]. In our study 100% of CKD
having some degree malnutrition according to SGA, MIS,
however most of our patients have mild malnutrition. This
could be attributed to poor education about nutrition and
good dietation among patients and absence of routine renal
dietician in most of dialysis units in Egypt.

Most of patients included in this study were obese with
mean BMI+SD of 42.99+6.43. Recent studies provided direct
evidence that being obese or overweight increases risk of
advanced CKD, and that this remains true regardless CKD
different etiologies [12,13]. Strategies to reduce weight
among those who are obese or overweight may reduce CKD
risk, with each unit reduction in BMI yielding similar relative
reductions in risk [12].

In this study, ESRD were more common in males (63.8%)
than females (36.2%) patients. The prevalence of CKD is
higher in women compared with men, and this difference
has been consistent over time (from13.7percentage versus
9.8% in 1988-1994 to 15.4% versus 12.8% in 2011-2012).
In contrast, the lifetime risk of ESRD has been found to be up
to 50% higher in men compared with women. These findings
suggest that women may have slower kidney function decline
compared with men or that they are more likely to die
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before progressing to ESRD [14]. However, sex differences
in CKD progression are affected by several other factors like
hypertension [15]. Albuminuria, hyperglycaemia body mass
index, dyslipidaemia, lifestyle factors sex, hormones and
renal structure [16-21].

In this study, we evaluated through anthropometry the
presence of malnutrition and nutritional risk in CKD patients.
According to other studies [22,23] the variables evaluated
were triceps skin fold (TSF), mid arm circumference (MAC),
mid arm muscle circumference (MAMC) and mid arm muscle
circumference area (MAMA). Findings revealed a significant
decrease in these anthropometric parameters. Similar to
our results [24], suggested a significant decrease in some
anthropometric parameters including BMI, fat mass, TSE
MAC, MAMC and MAMA with advanced malnutrition in
haemodialysis patients. Also, similar values of TSE, MAC and
MAMC reported by in similar group of patients [25].

In our study the prevalence of malnutrition was high as
majority of our patients showed some degree of malnutrition.
According to Subjective Global Assessment (SGA) out of 80
CKD patients, 67.5% were mild malnourished (SGA 6-7), 25%
were moderately malnourished (SGA 3-5) and 7.5% were
severely malnourished (SGA 1-2). Nutritional assessment of
CKD patients is vital function of health care providers [26].
SGA tool, originally created by, it uses patient history as well
as physical examination to rate malnutrition severity in CKD
[27].

Malnutrition is common in CKD patients. Several studies
have shown prevalence between 23-76% of patients on
haemodialysis [11]. Similar to our results in older adults
with advanced CKD, winhalk et al. [28], reported similar
percentages in a multicentre prospective observational
cohort study included six European countries. In another
study by Ebrahimzadeh Koor B et al. across section study
based on the SGA score, They found that 6.3% were well
nourished, 50% had mild malnutrition and 43.8% suffered
from moderate malnutrition; and no case of severe
malnutrition [29] . In contrast to our results Gupta A, et al.
[26] had a cross section study on 100 patients stage 5 CKD
on haemodialysis using malnutrition score reported that
29% were mildly malnourished, 64% were moderately
malnourished and 7% were severely malnourished. Such
variations in malnutrition prevalence may be associated
with other factors such as age, dialysis therapy quality and
comorbid conditions [30].

In this study we used Twenty-four hours dietary recall and
we found most of patients were with low protein (96.2%)
and calorie (68.8%) contents. While this method is known to
provide an accurate estimate of mean dietary intake, it may
exaggerate the variability of intake in the study population

biasing measured associations toward the null [31]. Low
calorie intake and protein content due to decreased appetite
is an important malnutrition cause in CKD. Anorexia
considered as early index of uremia that occurs when GFR be
<60 mL/min/1.73 m?. As limitation of dietary protein intake
decreases accumulation of protein metabolism derived toxic
substances, reduced protein intake due to anorexia may be
regarded as adaptive process to relieve uremic symptoms
in patients with renal failure. Also, anorexia is caused by
inflammation, changes in plasma adiponectin and leptin
concentrations, depression, comorbidity and side effects of
medications [32].

To confirm what we have reached, also in this study the
overall nutritional assessment was achieved using the
malnutrition-inflammation score (MIS). Similar to SGA,
MIS revealed that 66.2% of patients were mild-, 26.2%
were moderate- and 7.5 were sever-malnourished. Many
studies reported comparable results between MIS and SGA
as nutritional assessment tools for CKD patients treated not
only by hemodialysis but also those treated with peritoneal
dialysis [33].

In clinical practice, evaluating hemodialysis adequacy is
of critical importance. Measures like blood urea nitrogen
are not suitable for hemodialysis adequacy assessment as
its values are largely affected by diet [34]. The urea kinetic
modelling of the dialysis dose (Kt/V) proposed by Daugirdas
[35] is hemodialysis competence measure that can be
individualized for each patient. Dialysis adequacy (Kt/V)
can affect the nutritional status of patients [34]. Kt/V was
adequate in all malnutrition groups. These findings are
consistent with an earlier report in which HD patients with
Kt/V>1.4 had a significantly higher rate of malnutrition than
patients with Kt/V <1.4 [36].

In contrast to Kt/V, in this study NGAL serum levels
were significantly (P=0.018) reduced with the severity
of malnutrition. Using ROC curve analysis, NGAL serum
levels had a good ability (AUC=0.845) to predict severe
malnutrition with good sensitivity (83.3%) and specificity
(78.4%). Previous studies reported that NGAL serum levels
were associated with nutritional status of CKD patients.
Bolignano D, et al. reported that NGAL is involved in
iron equilibrium maintenance and demonstrated that
hemodialysis patients have altered NGAL values. Thus, NGAL
might be an assessment tool of iron deficiency and may be
used in iron therapy management for hemodialysis patients
[37].

In this study, Spearman correlation analysis revealed that
NGAL serum levels were significantly correlated with SGA
(r =0,247 P =0.027) and albumin serum levels (r =0.402,
P<0.001). Similar to our results Imamaki H et al. showed
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that maintenance hemodialysis patients with decreased
NGAL serum levels were associated with reduced in
albumin, as representative nutritional status indicator,
serum levels. These findings can be caused by neutropenia
and malnutrition . They found that high NGAL levels in these
patients were closely related to good nutritional status at
present and preserved serum albumin levels after a year, and
thus potentially with reduced mortality and morbidity [8] .

Findings reported by this study concerning the association
between NGAL serum levels and malnutrition in CKD were
comparable with other established diagnostic methods. SGA
is a useful and reproducible method for nutritional status
assessment in dialysis patients. However, SGA technique,
according to the National Kidney Foundation, needs greater
validation regarding specificity, sensitivity, inter- and intra-
observer variability, accuracy, and correlation with other
nutritional markers [25].

Limitation of the Study

Limitation of our study was short (one year for collecting
data) and small scale study involving only two dialysis
centres. In addition, limitation was cross sectional method
that only assessed nutritional status, lab and serum NGAL
levels at one time. We recommended the use of NGAL serum
levels to follow-up hemodialysis patient’s nutritional status.

Another limitation was low numbers of samples in our study.
Othermulticenter studies using large number of patients
are recommended to evaluate the value of serum NGAL in
predication of severe malnutrition and compare it with other
established nutritional markers.

Conclusion

NGAL is well correlated with other standard markers used
routinely in assessment of nutritional status of hemodialysis
patients. Patients with high NGAL levels were closely related
to good nutritional status. Its serum levels had a good
diagnostic power for severe-malnourished patients, as it
help us for early prediction to malnutrition.

References

1. Ekiti ME, Zambo ]B, Assah FK, Agbor VN, Kekay K, et al.
(2018) Chronic kidney disease in sugarcane workers
in Cameroon: a cross-sectional study. BMC nephrology
19(1): 10.

2. George C, Mogueo A, Okpechi I, Echouffo-Tcheugui ]B,
Kengne AP (2017) Chronic kidney disease in low-income
to middle-income countries: the case for increased
screening. BM] glob health 2(2): e000256.

10.

11.

12.

13.

14.

Abd ElHafeez S, Bolignano D, D’Arrigo G, Dounousi E,
Tripepi G, et al. (2018) Prevalence and burden of chronic
kidney disease among the general population and high-
risk groups in Africa: a systematic review. BM] Open
8(1): e015069.

Abozead S, Ahmed A, Mahmoud MA (2015) Nutritional
Status and Malnutrition Prevalence among Maintenance
Hemodialysis Patients. IOSR Journal of Nursing and
Health Science 4(1): 51-58.

Jahromi SR, Hosseini S, Razeghi E, Pasha Meysamie AP,
Sadrzadeh H (2010) Malnutrition predicting factors in
hemodialysis patients. Saudi ] Kidney Dis Transpl 21(5):
846-51.

Yassibas E, Sahin G, Sanlier N (2016) Dietary intakes
and some biochemical markers in hemodialysis patients.
Journal of Human Sciences 13(1) :1355-1366.

Wi JW, Kim NH (2017) Assessment of Malnutrition
of Dialysis Patients and Comparison of Nutritional
Parameters of CAPD and Hemodialysis Patients.
Biomedical Science Letters 23(3): 185-193.

Imamaki H, Ishii A, Yokoi H, Kasahara M, Kuwabara
T, et al. (2015) Low Serum Neutrophil Gelatinase-
associated Lipocalin Level as a Marker of Malnutrition
in Maintenance Hemodialysis Patients. PLoS One 10(7):
e0132539

Neuen BL, Chadban SJ, Demaio AR, Johnson DW, Perkovic
V (2017) Chronic kidney disease and the global NCDs
agenda. BM] glob health 2(2): e000380.

Iorember FM (2018) Malnutrition in Chronic Kidney
Disease. Frontiers in pediatrics 6: 161-161.

Jagadeswaran D, Indhumathi E, Hemamalini A],
Sivakumar V, Soundararajan P, et al. (2019) Inflammation
and nutritional status assessment by malnutrition
inflammation score and its outcome in pre-dialysis
chronic kidney disease patients. Clin Nutr 38(1): 341-
347.

Herrington WG, Smith M, Bankhead C, Matsushita K,
Stevens S, et al. (2017) Body-mass index and risk of
advanced chronic kidney disease: Prospective analyses
from a primary care cohort of 1.4 million adults in
England. PloS one 12(3): e0173515.

Kovesdy CP, Furth S, Zoccali C, World Kidney Day Steering
Committee (2017) Obesity and kidney disease: Hidden
consequences of the epidemic. ] Nephrol 30(1): 1-10.

Ricardo AC, Yang W, Sha D, Appel L], Chen |, et al. (2019)
Sex-Related Disparities in CKD Progression , ] Am Soc

https://chembiopublishers.com/DTOA/

https://chembiopublishers.com/submit-manuscript.php


https://chembiopublishers.com/DTOA/
https://chembiopublishers.com/submit-manuscript.php
https://www.ncbi.nlm.nih.gov/pubmed/29334929
https://www.ncbi.nlm.nih.gov/pubmed/29334929
https://www.ncbi.nlm.nih.gov/pubmed/29334929
https://www.ncbi.nlm.nih.gov/pubmed/29334929
https://www.ncbi.nlm.nih.gov/pubmed/29081996
https://www.ncbi.nlm.nih.gov/pubmed/29081996
https://www.ncbi.nlm.nih.gov/pubmed/29081996
https://www.ncbi.nlm.nih.gov/pubmed/29081996
https://www.ncbi.nlm.nih.gov/pubmed/29326180
https://www.ncbi.nlm.nih.gov/pubmed/29326180
https://www.ncbi.nlm.nih.gov/pubmed/29326180
https://www.ncbi.nlm.nih.gov/pubmed/29326180
https://www.ncbi.nlm.nih.gov/pubmed/29326180
https://www.ncbi.nlm.nih.gov/pubmed/20814118
https://www.ncbi.nlm.nih.gov/pubmed/20814118
https://www.ncbi.nlm.nih.gov/pubmed/20814118
https://www.ncbi.nlm.nih.gov/pubmed/20814118
https://www.j-humansciences.com/ojs/index.php/IJHS/article/view/3564
https://www.j-humansciences.com/ojs/index.php/IJHS/article/view/3564
https://www.j-humansciences.com/ojs/index.php/IJHS/article/view/3564
http://www.bslonline.org/journal/view.html?doi=10.15616/BSL.2017.23.3.185
http://www.bslonline.org/journal/view.html?doi=10.15616/BSL.2017.23.3.185
http://www.bslonline.org/journal/view.html?doi=10.15616/BSL.2017.23.3.185
http://www.bslonline.org/journal/view.html?doi=10.15616/BSL.2017.23.3.185
https://www.ncbi.nlm.nih.gov/pubmed/26161663
https://www.ncbi.nlm.nih.gov/pubmed/26161663
https://www.ncbi.nlm.nih.gov/pubmed/26161663
https://www.ncbi.nlm.nih.gov/pubmed/26161663
https://www.ncbi.nlm.nih.gov/pubmed/26161663
https://www.ncbi.nlm.nih.gov/pubmed/29225940
https://www.ncbi.nlm.nih.gov/pubmed/29225940
https://www.ncbi.nlm.nih.gov/pubmed/29225940
https://www.ncbi.nlm.nih.gov/pubmed/29398341
https://www.ncbi.nlm.nih.gov/pubmed/29398341
https://www.ncbi.nlm.nih.gov/pubmed/29398341
https://www.ncbi.nlm.nih.gov/pubmed/29398341
https://www.ncbi.nlm.nih.gov/pubmed/29398341
https://www.ncbi.nlm.nih.gov/pubmed/29398341
https://www.ncbi.nlm.nih.gov/pubmed/28273171
https://www.ncbi.nlm.nih.gov/pubmed/28273171
https://www.ncbi.nlm.nih.gov/pubmed/28273171
https://www.ncbi.nlm.nih.gov/pubmed/28273171
https://www.ncbi.nlm.nih.gov/pubmed/28273171
https://www.ncbi.nlm.nih.gov/pubmed/28214961
https://www.ncbi.nlm.nih.gov/pubmed/28214961
https://www.ncbi.nlm.nih.gov/pubmed/28214961
https://www.ncbi.nlm.nih.gov/pubmed/30510134
https://www.ncbi.nlm.nih.gov/pubmed/30510134

Dialysis and Transplantation Open Access

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Nephrol 30(1): 137-146.

Muiesan ML, Ambrosioni E, Costa FV, Leonetti G, Pessina
AC, et al. (2012) Sex differences in hypertension-related
renal and cardiovascular diseases in Italy: the -DEMAND
study. ] Hypertens 30(12): 2378-2386.

de Hauteclocque A, Ragot S, Slaoui Y, Gand E, Miot A, et
al. (2014) The influence of sex on renal function decline
in people with Type 2 diabetes. Diabet Med 31(9): 1121-
1128.

Gomez-Marcos MA, Recio-Rodriguez JI, Gomez-Sanchez
L, Agudo-Conde C, Rodriguez-Sanchez E, et al. (2015)
Gender differences in the progression of target organ
damage in patients with increased insulin resistance:
the LOD-DIABETES study. Cardiovasc Diabetol 14: 132.

Gill JS, Hendren E, Dong ], Johnston O, Gill J (2014)
Differential association of body mass index with access
to kidney transplantation in men and women. Clin ] Am
Soc Nephrol 9(5): 951-959.

Hanai K, Babazono T, Yoshida N, Nyumura I, Toya K,
et al. (2012) Gender differences in the association
between HDL cholesterol and the progression of diabetic
kidney disease in type 2 diabetic patients. Nephrol Dial
Transplant 27(3): 1070-1075.

Maeda I, Hayashi T, Sato KK, Koh H, Harita N, et al. (2011)
Cigarette smoking and the association with glomerular
hyperfiltration and proteinuria in healthy middle-aged
men. Clin ] Am Soc Nephrol 6(10): 2462-2469.

Chang PY, Chien LN, Lin YE Wu MS, Chiu WT, et al. (2016)
Risk factors of gender for renal progression in patients
with early chronic kidney disease. Medicine (Baltimore)
95(30): e4203.

Schneider AC, Pinto RB, Silveira TR (2007) Nutritional
risk and malnutrition determination by anthropometry
in cirrhotic children and adolescents. Arq Gastroenterol
44(4): 345-349.

Kouassi K, Bagny A, Kaaga L, Bouglouga O, Lawson
Anani-Soh L, et al. (2014) Prevalence of protein-energy
undernutrition evaluated by the measurement of triceps
skinfold thickness and mid-arm muscle circumference of
103 adults with cirrhosis of the liver hospitalized in the
department of hepatology and gastroenterology of the
Lome Campus University Hospital (Togo)]. Med Sante
Trop 24(2): 208-213.

Tayyem RF, Mrayyan MT (2008) Assessing the prevalence
of malnutrition in chronic kidney disease patients in
jordan. ] Ren Nutr 18(2): 202-209.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

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

Arvind Gupta, Anubha Srivastava, Upma Narain, Parag
Saraswat (2017) Subjective global assessment of the
patients of chronic kidney disease undergoing dialysis.
IJAM 4(2): 5.

Detsky AS, McLaughlinJR, Baker JP, Johnston N, Whittaker
S, et al. (1987) What is subjective global assessment of
nutritional status? JPEN ] Parenter Enteral Nutr 11(1):
8-13.

Windahl K, Faxen Irving G, Almquist T, Liden MK, van
de Luijtgaarden M, et al. (2018) Prevalence and Risk of
Protein-Energy Wasting Assessed by Subjective Global
Assessment in Older Adults With Advanced Chronic
Kidney Disease: Results From the EQUAL Study. ] Ren
Nutr 28(3): 165-174.

Koor BE, Nakhaie MR, Babaie S (2015) Nutritional
Assessment and its Correlation with Anthropometric
Measurements in Hemodialysis Patients. Saudi ] Kidney
Dis Transpl 26(4): 697-701.

Hegazy IS, E1 Raghy HA, Abdel-Aziz SB, Elhabashi EM
(2013) Study of the effect of dietary counselling on the
improvement of end-stage renal disease patients. East
Mediterr Health ] 19(1): 45-51.

Thompson FE, Subar AF: Chapter 1. Dietary assessment
methodology; in Coultson AM, Boushey CJ, Ferruzzi
MG (eds) Nutrition in the Prevention and Treatment of
Disease (ed 3). San Diego, Elsevier Press, 2013.

Kalender B (2010) Malnutrition in Chronic Kidney
Disease and Relationship to Quality of Life. Handbook of
Disease Burdens and Quality of Life Measures pp: 3159-
3170.

Haramis I, Anne Silvers M, Salamon K, Woods ], Huggins C
(2012) Malnutrition Inflammation Score is Comparable
to Subjective Global Assessment as a Nutritional
Assessment Tool for Peritoneal Dialysis Patients. Kidney
Research and Clinical Practice 31(2): A35.

Hemayati R, Lesanpezeshki M, Seifi S (2015) Association
of dialysis adequacy with nutritional and inflammatory
status in patients with chronic kidney failure. Saudi ]
Kidney Dis and Transpl 26(6): 1154-1160.

Daugirdas ]JT (1993) Second generation logarithmic
estimates of single-pool variable volume Kt/V: an
analysis of error. ] Am Soc Nephrol 4(5): 1205-1213.

https://chembiopublishers.com/DTOA/

https://chembiopublishers.com/submit-manuscript.php


https://chembiopublishers.com/DTOA/
https://chembiopublishers.com/submit-manuscript.php
https://www.ncbi.nlm.nih.gov/pubmed/30510134
https://www.ncbi.nlm.nih.gov/pubmed/23137952
https://www.ncbi.nlm.nih.gov/pubmed/23137952
https://www.ncbi.nlm.nih.gov/pubmed/23137952
https://www.ncbi.nlm.nih.gov/pubmed/23137952
https://www.ncbi.nlm.nih.gov/pubmed/24773061
https://www.ncbi.nlm.nih.gov/pubmed/24773061
https://www.ncbi.nlm.nih.gov/pubmed/24773061
https://www.ncbi.nlm.nih.gov/pubmed/24773061
https://www.ncbi.nlm.nih.gov/pubmed/24742478
https://www.ncbi.nlm.nih.gov/pubmed/24742478
https://www.ncbi.nlm.nih.gov/pubmed/24742478
https://www.ncbi.nlm.nih.gov/pubmed/24742478
https://www.ncbi.nlm.nih.gov/pubmed/21785041
https://www.ncbi.nlm.nih.gov/pubmed/21785041
https://www.ncbi.nlm.nih.gov/pubmed/21785041
https://www.ncbi.nlm.nih.gov/pubmed/21785041
https://www.ncbi.nlm.nih.gov/pubmed/21785041
https://www.ncbi.nlm.nih.gov/pubmed/21885794
https://www.ncbi.nlm.nih.gov/pubmed/21885794
https://www.ncbi.nlm.nih.gov/pubmed/21885794
https://www.ncbi.nlm.nih.gov/pubmed/21885794
https://www.ncbi.nlm.nih.gov/pubmed/27472690
https://www.ncbi.nlm.nih.gov/pubmed/27472690
https://www.ncbi.nlm.nih.gov/pubmed/27472690
https://www.ncbi.nlm.nih.gov/pubmed/27472690
https://www.ncbi.nlm.nih.gov/pubmed/18317655
https://www.ncbi.nlm.nih.gov/pubmed/18317655
https://www.ncbi.nlm.nih.gov/pubmed/18317655
https://www.ncbi.nlm.nih.gov/pubmed/18317655
https://www.ncbi.nlm.nih.gov/pubmed/24919209
https://www.ncbi.nlm.nih.gov/pubmed/24919209
https://www.ncbi.nlm.nih.gov/pubmed/24919209
https://www.ncbi.nlm.nih.gov/pubmed/24919209
https://www.ncbi.nlm.nih.gov/pubmed/24919209
https://www.ncbi.nlm.nih.gov/pubmed/24919209
https://www.ncbi.nlm.nih.gov/pubmed/24919209
https://www.ncbi.nlm.nih.gov/pubmed/24919209
https://www.ncbi.nlm.nih.gov/pubmed/18267213
https://www.ncbi.nlm.nih.gov/pubmed/18267213
https://www.ncbi.nlm.nih.gov/pubmed/18267213
https://www.ncbi.nlm.nih.gov/pubmed/21448521
https://www.ncbi.nlm.nih.gov/pubmed/21448521
https://www.ncbi.nlm.nih.gov/pubmed/21448521
https://www.ncbi.nlm.nih.gov/pubmed/21448521
https://www.ijmedicine.com/index.php/ijam/article/view/269
https://www.ijmedicine.com/index.php/ijam/article/view/269
https://www.ijmedicine.com/index.php/ijam/article/view/269
https://www.ijmedicine.com/index.php/ijam/article/view/269
https://www.ncbi.nlm.nih.gov/pubmed/3820522
https://www.ncbi.nlm.nih.gov/pubmed/3820522
https://www.ncbi.nlm.nih.gov/pubmed/3820522
https://www.ncbi.nlm.nih.gov/pubmed/3820522
https://www.ncbi.nlm.nih.gov/pubmed/29459026
https://www.ncbi.nlm.nih.gov/pubmed/29459026
https://www.ncbi.nlm.nih.gov/pubmed/29459026
https://www.ncbi.nlm.nih.gov/pubmed/29459026
https://www.ncbi.nlm.nih.gov/pubmed/29459026
https://www.ncbi.nlm.nih.gov/pubmed/29459026
https://www.ncbi.nlm.nih.gov/pubmed/26178540
https://www.ncbi.nlm.nih.gov/pubmed/26178540
https://www.ncbi.nlm.nih.gov/pubmed/26178540
https://www.ncbi.nlm.nih.gov/pubmed/26178540
https://www.ncbi.nlm.nih.gov/pubmed/23520905
https://www.ncbi.nlm.nih.gov/pubmed/23520905
https://www.ncbi.nlm.nih.gov/pubmed/23520905
https://www.ncbi.nlm.nih.gov/pubmed/23520905
https://link.springer.com/referenceworkentry/10.1007%2F978-0-387-78665-0_183
https://link.springer.com/referenceworkentry/10.1007%2F978-0-387-78665-0_183
https://link.springer.com/referenceworkentry/10.1007%2F978-0-387-78665-0_183
https://link.springer.com/referenceworkentry/10.1007%2F978-0-387-78665-0_183
https://www.sciencedirect.com/science/article/pii/S2211913212004317
https://www.sciencedirect.com/science/article/pii/S2211913212004317
https://www.sciencedirect.com/science/article/pii/S2211913212004317
https://www.sciencedirect.com/science/article/pii/S2211913212004317
https://www.sciencedirect.com/science/article/pii/S2211913212004317
https://www.ncbi.nlm.nih.gov/pubmed/26586053
https://www.ncbi.nlm.nih.gov/pubmed/26586053
https://www.ncbi.nlm.nih.gov/pubmed/26586053
https://www.ncbi.nlm.nih.gov/pubmed/26586053
https://www.ncbi.nlm.nih.gov/pubmed/8305648
https://www.ncbi.nlm.nih.gov/pubmed/8305648
https://www.ncbi.nlm.nih.gov/pubmed/8305648

Dialysis and Transplantation Open Access

37. Bolignano D, Lacquaniti A, Coppolino G, Donato V, Campo
S, etal. (2009) Neutrophil gelatinase-associated lipocalin
(NGAL) and progression of chronic kidney disease. Clin ]
Am Soc Nephrol 4(2): 337-344.

36. Kaya T, Sipahi S, Cinemre H, Karacaer C, Varim C, et
al. (2016) Relationship between the target dose for
hemodialysis adequacy and nutritional assessment. Ann
Saudi Med 36(2): 121-127.

https://chembiopublishers.com/DTOA/ https://chembiopublishers.com/submit-manuscript.php


https://chembiopublishers.com/DTOA/
https://chembiopublishers.com/submit-manuscript.php
https://www.ncbi.nlm.nih.gov/pubmed/27038739
https://www.ncbi.nlm.nih.gov/pubmed/27038739
https://www.ncbi.nlm.nih.gov/pubmed/27038739
https://www.ncbi.nlm.nih.gov/pubmed/27038739
https://www.ncbi.nlm.nih.gov/pubmed/19176795
https://www.ncbi.nlm.nih.gov/pubmed/19176795
https://www.ncbi.nlm.nih.gov/pubmed/19176795
https://www.ncbi.nlm.nih.gov/pubmed/19176795

	ft6
	_ENREF_1
	_ENREF_38
	_ENREF_27
	_ENREF_28
	_ENREF_25
	_ENREF_32
	_ENREF_37
	_ENREF_9
	_ENREF_17
	_ENREF_16
	_ENREF_21
	_ENREF_34
	_ENREF_7
	_ENREF_45
	_ENREF_31
	_ENREF_47
	_ENREF_40
	_ENREF_19
	_ENREF_11
	_ENREF_50
	_ENREF_23
	_ENREF_30
	_ENREF_22
	_ENREF_24
	_ENREF_8
	_ENREF_5
	Abstract
	Introduction
	Patients and Methods
	Study Population
	Biochemical Measurements
	Statistical Analysis
	Level of Significance

	Results
	Epidemiological Data
	Prevalence of Malnutrition
	Correlation Between Serum NGAL and Demographic and laboratory Criteria
	Correlation Between NGAL Levels and other Markers of Maluntrion
	Correlation Between KT/v and Clinical Markers of Nutrition
	Receiver Operating Characteristic Analysis (ROC curve)

	Discussion
	Limitation of the Study
	Conclusion
	References

