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Abstract
Objective This study was carried out to evaluate the relationship between dietary and serum zinc and leptin levels with 
protein-energy wasting (PEW) in haemodialysis patients.
Methods The study was conducted on 80 volunteer patients aged 19–65 years who received haemodialysis treatment three 
times a week for at least 1 year. Anthropometric measurements and body composition analyses were performed. Blood 
samples were collected for serum zinc and leptin and other biochemical parameters. Food consumption of the patients was 
recorded for 3 days. Malnutrition-inflammation score (MIS) was calculated for all patients. PEW was assessed according to 
the criteria recommended by the International Society of Renal Nutrition and Metabolism (ISRNM).
Results According to the ISRNM criteria, 38.1% of male patients and 36.8% of female patients were diagnosed with PEW. 
The median serum leptin levels of patients with PEW [9.0 (16.9) ng/mL] were significantly lower than those without PEW 
[20.7 (38.5) ng/mL] (p < 0.05). Dietary zinc intake in patients with PEW was significantly lower than that in patients without 
PEW (p < 0.05). However, there was no significant difference in serum zinc levels between the patients with and without 
PEW. In the multivariate analyses, dietary and serum zinc and leptin was associated with PEW. After controlling for several 
confounding factors these associations disappeared. Dietary zinc intake and serum leptin levels were inversely correlated 
with MİS. There was no relationship between serum leptin and dietary and serum zinc in these patients.
Conclusion Dietary zinc intake and serum zinc and leptin concentration were not associated with PEW. Low serum leptin 
levels might be the outcome rather than the cause of PEW in haemodialysis patients.
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Introduction

Protein-energy malnutrition (PEM) is a common problem 
in chronic kidney failure (CKF) and increases morbidity 
and mortality. The most important cause is insufficient food 
intake due to loss of appetite. The mechanisms that cause 
loss of appetite have not been clarified yet [1]. Recent guide-
lines (International Society of Renal Nutrition and Metabo-
lism) (ISRNM) suggested using protein-energy wasting 

(PEW) instead of PEM to identify the clinical presentation 
of muscle loss, lipid loss, malnutrition and inflammation 
[2]. PEW is defined as a decrease in body protein reservoirs 
and energy (fat) resources [3]. The prevalence of PEW is 
reported as 18–75% in haemodialysis patients [4]. The role 
of adipokines in the pathogenesis of PEW is well known. 
Adipokine concentration increases due to a decrease in renal 
secretion in CKF. This causes loss of appetite, inflamma-
tion, PEW and atherosclerosis [5]. Elevation of leptin levels 
among adipokines may increase the risk of mortality through 
the loss of appetite and PEW in patients with CKF [6].

Leptin is a 16 kDa hormone which is encoded by the 
ob gene, mainly synthesised by adipocytes and metabolised 
in the kidneys. The most well-known function is to regu-
late food intake and energy metabolism through negative 
feedback and to prevent the development of obesity. Eleva-
tion of leptin levels was observed in the patients with CKF 
without any increase in body fat mass [7]. The causes for 
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hyperleptinaemia include lower renal clearance, increased 
plasma insulin levels and inflammation. Because leptin pre-
vents synthesis and release of neuropeptide-Y and reduces 
the appetite, it may play a role in anorexia and malnutrition 
developed in renal failure [1, 8]. The association between 
higher leptin levels and low protein intake in patients with 
CKF suggests that leptin could contribute to PEW [9].

Zinc is an essential micronutrient which acts in many 
biochemical processes. Zinc deficiency is associated with 
loss of appetite, anorexia, weight loss and developmental 
retardation [10, 11]. Zinc deficiency supports anorexia 
through different mechanisms [12]. Studies on the effects 
of zinc deficiency in patients with renal diseases are limited; 
it is suggested that the leptin hormone is an important ele-
ment in explaining the physiology of anorexia [12]. Higher 
plasma leptin levels and serum zinc deficiency were reported 
in haemodialysis patients. It has been stated that these condi-
tions cause malnutrition and may have an effect on morbidity 
and mortality [13]. To our knowledge, no study has evalu-
ated the relationships between dietary and serum zinc and 
leptin with protein-energy wasting (PEW) in haemodialysis 
patients. The present study was designed and conducted to 
assess the association between serum leptin and dietary and 
serum zinc, which affects appetite, and their relationship to 
PEW in haemodialysis patients.

Methods

Participants

The present study was conducted in a private dialysis centre 
(RFM, Ankara). The study was carried out on 80 volun-
teer patients aged 19–65 years who received haemodialy-
sis therapy three times a week for at least 1 year and were 
clinically stable and free of obvious oedema. The individuals 
with hepatitis, cancer, thyroid disease, liver disease, diabetes 
mellitus, cardiac diseases and chronic inflammation were 
excluded. For each patient, C-reactive protein (CRP) levels 
measured within the previous 6 months were reviewed from 
the dialysis centre’s records; patients with CRP ≤ 10 mg/
dL [14] were included in the study. The Ethical Commit-
tee Approval with the number of KA48/2016 was obtained 
from the Ethical Board of Clinical Research of Zekai Tahir 
Burak Women’s Health and Training-Research Hospital. The 
procedure was conducted in accordance with the Declaration 
of Helsinki. The patients signed an informed consent form 
pertaining to their voluntary participation in the study.

Anthropometric measurements

Body weights of the patients were measured by an elec-
tronic scale (Medical Scale DR-Mod 85) with a sensitivity 

of ± 0.1 kg. Dry weight (after-dialysis weight) was used as 
the bodyweight of the patients [15]. Body mass index (BMI) 
was calculated through the formula “BMI = [after-dialysis 
weight (kg)/height  (m2)]”. In case of a BMI under 23 kg/m2, 
one of the PEW criteria were deemed to be met [3].

Mid-arm circumference (MAC) was measured via a 
measuring tape at the mid-point between the acromial tuber-
cle and olecranon of the elbow while the arm was bent 90° 
at the elbow. Triceps skin-fold thickness (TSFT) was meas-
ured with a Holtain caliper in accordance with standards. 
The measurements were performed from the fistula-free arm 
[15].

Mid-arm muscle area (MAMA) was calculated according 
to MAMA  (cm2) = [MAC (cm)-(π × TSFT (cm)]2/4π”. An 
adjustment was made for the bone area; 10 cm2 in males and 
6.5 cm2 in females were subtracted from the arm muscle area 
[15]. The MAMA was compared with the NCHS percentile 
values for people 18–74 years of age and the results were 
evaluated [16]. In case the mid-arm muscle area was below 
10% of the 50th percentile, one of the PEW criteria was 
deemed to be met [3].

Analysis of body composition

Body composition measurement with the Bodystat-Quads-
can 4000 (Bosystat Ltd; Isle of Man, UK) device was per-
formed, with the patient lying down, by applying two elec-
trodes onto the right hand and two electrodes onto the right 
foot at the end of the dialysis session. The after-dialysis body 
weight was used for the analysis of body composition. The 
body fat mass (kg), lean body mass (kg), total body water 
(TBW), body fat ratio (%), body fat mass index (BFMI), 
and fat-free mass index (FFMI) values were recorded [17].

Assessment of dietary intake

Dietary intake was assessed by three 24-h diet recalls includ-
ing one dialysis day and two non-dialysis days by dietician. 
The average daily energy and macro and micronutrient 
intakes were calculated using the computer software Nutri-
tion Information Systems (BeBiS, Version 7.0, Pasific Com-
pany, Stuttgart, Germany).

Malnutrition‑inflammation score

Malnutrition-inflammation score (MIS) was calculated to 
evaluate the nutritional status of the patients. The MIS score 
is composed of three new parameters (BMI, serum albumin 
level and serum total iron-binding capacity) in addition to 
the seven parameters on the subjective global assessment 
(SGA). The intensity of each parameter is evaluated in 4 
different stages as “0-normal” and “3-most severe”. The sum 
of ten different MIS criteria ranges from 0 (normal) to 30 
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(severe malnutrition), and high scores reflect the increased 
risk of malnutrition and inflammation [4].

Evaluation of protein‑energy wasting (PEW)

The criteria suggested by ISRNM under four different cat-
egories were used for the diagnosis of PEW. The following 
criteria were selected: serum albumin < 3.8 g/dL and serum 
cholesterol < 100 mg/dL from category 1; BMI < 23 kg/m2 
and body fat percentage < 10% from category 2; decrease in 
MAMA (a decrease of > 10% according to the 50th percen-
tile of the reference population) from category 3; protein 
intake less than 0.8 g/kg body mass/day and energy intake 
less than 25 kcal/kg body mass/day from category 4. If three 
of those four categories (on the condition of meeting at least 
one criterion from each category) are detected in a patient, 
PEW was accepted as present [3].

Biochemical analysis

Blood samples were obtained before the midweek HD 
session after the patients had fasted overnight in a similar 
fashion. Patients were receiving thrice-weekly dialysis for 
4 h period with a standard bicarbonate-containing dialysate 
bath, using a high-flux HD membrane. Serum leptin lev-
els were measured by enzyme-linked immunosorbent assay 
(ELISA) using the Human Leptin Elisa Kit (Cusabio) in the 
Research Laboratory of Nutrition and Dietetics Department 
within the Gazi University Health Sciences Faculty.

Zinc analysis was performed by ICP-MS (Inductively 
Coupled Plasma Mass Spectrometry) (Perkin Elmer) tech-
nique in the Advanced Technology Practice Laboratory of 
Selçuk University.

Power calculation and statistical analysis

The sample size was calculated by G power analysis pro-
gram according to the results of a similar study (13). The 
sample size was determined as 67 and 76 patients at 80% and 
85% power (2-sided alpha, p = 0.05) respectively. Therefore, 
the sample size of the study (n = 80) was selected because it 
provided adequate power to detect the relationship between 
dietary and serum zinc and leptin.

Statistical analysis of the data was performed using 
the SPSS 22 statistical package program. The Kolmogo-
rov–Smirnov test or the Shapiro–Wilk test of normality 
was used for determining data distribution. Variables with 
normal distribution were presented as mean ( X̄ ) and stand-
ard deviation (SD). The independent t test was applied to 
compare means. Non-normal distribution variables were 
presented as the median and interquartile range (IQR). The 
Mann–Whitney U test was used to compare groups. Qualita-
tive variables were described as number (n) and percentage 

(%). The Spearman’s correlation coefficient was used to 
determine the correlation between dietary and serum zinc 
and leptin and the variables. Multivariate logistic regression 
analysis was performed including dietary and serum zinc 
and leptin level to investigate the associations with PEW. 
The lowest significance level was accepted as 0.05 in all 
statistical tests (p < 0.05). p values are two-tailed.

Results

In total, 80 patients were included in the study, 42 (52.5%) 
of whom were male and 38 (47.5%) female. The mean age 
of the patients was 50.6 ± 10.96 years. The patients’ charac-
teristics are shown in Table 1. The primary aetiology of CKF 
was hypertension (42.5%), glomerulonephritis (10%), poly-
cystic kidney disease (6.3%), nephrolithiasis or nephrotic 
syndrome (5%) and other or unknown causes (31.2%).

In female patients, TSFT, fat mass percentage, fat mass, 
BFMI and MIS score were significantly higher than in male 
patients. FFMI and dietary zinc intake were significantly 
lower in females than in males (p < 0.05). The median serum 
leptin levels of male patients were significantly lower than 
that of female patients (p < 0.05). There was no statistically 
significant gender-based difference in serum zinc levels 
(p > 0.05) (Table 1).

Table 2 shows the prevalence of PEW. Based on the 
ISRNM criteria, PEW was diagnosed in 37.5% of all 
patients, including 36.8% of females and 38.1% of males 
(Table 2).

The anthropometric measurements, biochemical param-
eters, and dietary intake of patients with PEW and non-
PEW are presented in Table 3. The dry weight, BMI, TSFT, 
MAC, and MAMA means of the patients with non-PEW 
were found significantly higher than the means of those with 
PEW (p < 0.05). Fat mass, BFMI, and FFMI median values 
of the patients with PEW were lower than the median values 
of the patients with non-PEW. The difference between the 
groups was statistically significant (p < 0.05) (Table 3).

The median serum leptin levels of the patients with PEW 
[9.0 (16.9) ng/mL] were significantly lower than in those 
without PEW [20.7 (38.5) ng/mL] (p < 0.05). The median 
serum zinc levels in patients with and without PEW were 
124.5 (65.7) µg/dL and 105.4 (32.6) µg/dL, respectively; 
there was no statistically significant difference between 
the groups (p > 0.05) Dietary zinc intake in patients with 
PEW were significantly lower than in those without PEW 
(p < 0.05) (Table 3).

A comparison of dietary and serum zinc and leptin levels 
above and below the threshold values for each selected PEW 
criterion is presented in Table 4. The median serum leptin 
levels of the patients with a total cholesterol level below 
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100 mg/dL were significantly lower than in those with a total 
cholesterol level at or above 100 mg/dL (p < 0.05) (Table 4).

The median serum leptin levels of the patients with a BMI 
at or above 23 kg/m2 was significantly higher than in those 

with a BMI below 23 kg/m2 (p < 0.05). Serum leptin lev-
els were significantly lower with MAMA reduction, greater 
than 10% according to the 50th percentile value of the refer-
ence population (p < 0.05). Serum zinc levels of the patients 

Table 1  Characteristics of 
patients

Mean ± SD presented for variables according to normal distribution while median (IQR) presented for vari-
ables with abnormal distribution
Kt/V urea clearance, BMI Body Mass İndex, MAMA mid-arm muscle area, MAC mid arm circumference, 
TSFT triseps skin-fold thickness, FFMI fat-free mass index, BFMI Body Fat Mass İndex, TIBC total iron-
binding capacity, PEW protein energy wasting, n number, BW body weight, IQR interquartile range
Significant values are shown in bold (p < 0.05)

Male (n:42) Female (n:38) Total (n:80) p value

Age (year) 49.9 ± 10.84 51.4 ± 11.17 50.6 ± 10.96 0.533
Months on dialysis 72.0 (109.5) 96.0 (87.0) 84.0 (108.0) 0.108
BMI (kg/m2) 23.9 ± 3.31 24.1 ± 4.80 24.0 ± 4.06 0.773
TSFT (mm) 10.6 ± 5.02 16.6 ± 5.13 13.5 ± 5.86 < 0.001
MAC (cm) 28.1 ± 3.61 28.0 ± 3.44 28.0 ± 3.51 0.845
MAMA(cm2) 39.6 ± 11.75 35.2 ± 9.27 37.5 ± 10.80 0.106
Fat mass percentage (%) 25.2 ± 4.86 37.6 ± 7.01 31.1 ± 8.63 < 0.001
Fat mass (kg) 17.5 (7.9) 21.8 (7.8) 19.7 (8.7) < 0.001
Lean body mass (kg) 51.1 ± 8.11 37.0 ± 5.61 44.4 ± 9.93 < 0.001
BFMI (kg/m2) 6.2 (2.4) 8.6 (4.0) 7.1 (3.7) < 0.001
FFMI (kg/m2) 18.2 (3.0) 14.8 (2.9) 16.4 (4.2) < 0.001
Serum Leptin (ng/mL) 7.6 (13.9) 38.5 (43.4) 15.9 (36.6) < 0.001
Serum zinc (µg/dL) 104.9 (51.2) 110.4 (43.8) 107.7 (42.2) 0.923
Total protein (g/dL) 6.5 (0.6) 6.4 (0.6) 6.5 (0.6) 0.809
Albumin (g/dL) 3.9 (0.3) 3.8 (0.3) 3.8 (0.3) 0.366
Total cholesterol (mg/dL) 150.3 ± 32.21 177.2 ± 36.88 163.1 ± 36.86 0.001
Creatinine (mg/dL) 9.8 ± 2.62 8.1 ± 1.67 9.0 ± 2.38 0.001
Potassium (mEq/L) 5.7 ± 0.85 5.5 ± 0.86 5.6 ± 0.85 0.464
Sodium (mEq/L) 140.0 (3.0) 139.0 (3.2) 139.0 (3.0) 0.409
TIBC (mg/dL) 236.5 (92.7) 219.5 (61.2) 226.5 (76.7) 0.210
Ferritin (g/dL) 562.0 (567.2) 748,0 (408.0) 676.5 (505.5) 0.099
Kt/V 1.4 ± 0.22 1.7 ± 0.19 1.5 ± 0.24 < 0.001
Dietary energy intake/BW(kcal/kg) 23.9 ± 6.83 21.1 ± 5.78 22.6 ± 6.47 0.530
Dietary protein intake/BW (g/kg) 0.7 (0.3) 0.6 (0.3) 0.7 (0.34) 0.092
Dietary zinc intake (mg/day) 6.9 (2.6) 5.3 (2.2) 6.4 (3.1) < 0.001
Malnutrition-Inflammation Score (MIS) 5.0 (5.0) 6.5 (5.2) 6.0 (5.0) 0.041

Table 2  Prevalence of PEW

PEW protein-energy wasting

PEW category Male (n: 42) Female (n: 38) Total (n: 80)

n % n % n %

Patients with no category – – 1 2.6 1 1.3
Patients with 1 category 8 19.0 10 26.3 18 22.5
Patients with 2 category 18 42.9 13 34.2 31 38.7
Patients with 3 category 15 35.7 12 31.6 27 33.7
Patients with 4 category 1 2.4 2 5.3 3 3.8
Presence of PEW
 PEW 16 38.1 14 36.8 30 37.5
 Non-PEW 26 61.9 24 63.2 50 62.5
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with a dietary protein intake below 0.8 g/kg/day were found 
significantly higher than in the patients with dietary pro-
tein intake at or above 0.8 g/kg/day (p < 0.05). Dietary zinc 
intake of the patients with a dietary protein intake below 
0.8 g/kg/day and a dietary energy intake below 25 kcal/kg/
day were found significantly lower than in the patients with a 
dietary protein intake at or above 0.8 g/kg/day and a dietary 
energy intake below 25 kcal/kg/day (p < 0.05) (Table 4).

The correlation of dietary and serum zinc and leptin level 
with various factors is presented in Table 5. There was no 
association detected between serum leptin levels, dietary 
and serum zinc levels of the patients (p > 0.05). Serum lep-
tin levels were significantly and negatively correlated with 
handgrip strenght and MIS score; they were positively cor-
related with BMI, TSFT, MAC and MAMA. Dietary zinc 
intake was significantly and negatively correlated with MIS 
score (Table 5).

In the multivariate logistic regression analyses, die-
tary and serum zinc and leptin was associated with PEW 
(OR = 0.67, 95% CI 0.50–0.90, p < 0.05, OR = 1.00, 95% 
CI 1.00–1.01, p < 0.05, and OR = 0.97, 95% CI 0.95–0.99, 

p < 0.05, for dietary zinc intake, serum zinc and leptin lev-
els respectively). After adjusted for age, gender, BMI, fat 
mass, haemodialysis vintage, and albumin the association 
remained significant only with dietary zinc intake in Model 
2 (OR = 0.62, 95% CI 0.43–0.89, p < 0.05). However, this 
significant association disappeared after protein intake was 
considered a confounding factor in Model 3 (Table 6).

Discussion

In the present study, PEW was diagnosed in 37.5% of the 
patients (Table 2). A similar study conducted to evalu-
ate PEW states in 22 haemodialysis patients according to 
ISRNM criteria in Spain revealed that PEW prevalence in 
the patients was 37% [18]. A study of 105 haemodialysis 
patients in Denmark reported the PEW prevalence as 29% 
according to the ISRNM criteria. When PEW was re-evalu-
ated based on lean body mass index and fat mass index, the 
prevalence was reported as 4% [19]. A Japanese study that 
evaluated the PEW state in 210 patients according to three 

Table 3  Difference of 
anthropometric measurements, 
biochemical parameters, dietary 
energy and protein intake 
between PEW and non-PEW 
patients

Kt/V urea clearance; BMI Body Mass İndex, MAMA mid-arm muscle area, MAC mid arm circumference, 
TSFT triseps skin-fold thickness, FFMI fat-free mass index, BFMI Body Fat Mass İndex, TIBC total iron-
binding capacity, BW bodyweight, IQR interquartile range
Significant values are shown in bold (p < 0.05)

Variable PEW (n: 30) Non-PEW (n: 50) p value
X̄ ± SD

or Median (IQR)
X̄ ± SD

or Median (IQR)

Dry weight (kg) 58.5 ± 8.84 68.3 ± 12.26 0.001
BMI (kg/m2) 21.8 ± 2.66 25.4 ± 4.19  < 0.001
TSFT (mm) 11.8 ± 4.55 14.5 ± 6.38 0.045
MAC (cm) 25.8 ± 2.39 29.4 ± 3.40  < 0.001
MAMA  (cm2) 30.9 ± 9.34 41.5 ± 10.88  < 0.001
Fat mass (kg) 16.4 (5.7) 21.9 (7.3) 0.001
Lean body mass (kg) 41.8 ± 8.46 46.0 ± 10.48 0.067
BFMİ (kg/m2) 6.5 (2.3) 8.1 (3.9) 0.028
FFMİ (kg/m2) 15.2 (3.6) 16.8 (3.9) < 0.001
Serum leptin (ng/mL) 9.0 (16.9) 20.7 (38.5) 0.021
Serum zinc (µg/dL) 124.5 (65.7) 105.4 (32.6) 0.084
Total protein (g/dL) 6.3 (0.5) 6.7 (0.6) 0.002
Serum albumin (g/dL) 3.7 (0.4) 3.9 (1.3) 0.001
Total cholesterol (mg/dL) 161.0 ± 40.87 164.3 ± 34.61 0.694
Creatinine (mg/dL) 8.2 ± 1.79 9.6 ± 2.54 0.010
Potassium (mEq/L) 5.5 ± 0.97 5.7 ± 0.78 0.332
Sodium (mEq/L) 140.0 (4.0) 139.0 (2.2) 0.378
TIBC (µg/dL) 216.5 (123.2) 235.0 (58.7) 0.785
Ferritin (g/dL) 638.0 (665.2) 689.0 (481.0) 0.721
Kt/V 1.6 ± 0.24 1.5 ± 0.24 0.214
Dietary energy intake/BW/day(kcal/kg/day) 21.8 ± 4.15 23.0 ± 7.53 0.332
Dietary protein intake/BW/day(g/kg/day) 0.6 (0.3) 0.7 (0.4) 0.415
Dietary zinc intake (mg) 5.3 (2.4) 6.6 (2.8) 0.006
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Table 4  Comparison of dietary and serum zinc and leptin levels above and below the threshold values of each selected PEW criteria

Data are presented as median (Interquartile range)
MAMA upper mid-arm muscle area, BMI Body Mass İndex, BW bodyweight
Significant values are shown in bold (p < 0.05)

Serum Leptin (ng/mL) p value Serum Zinc (µg/dL) p value Dietary Zinc 
İntake (mg/day)

p value

Serum albumin
 < 3.8 g/dL (n: 27) 19.8 (42.1) 0.455 110.1 (47.2) 0.839 6.1 (2.30) 0.714
 ≥ 3.8 g/dL (n: 53) 13.9 (34.1) 106.9 (40.6) 6.5 (3.47)

Total cholesterol
 < 100 mg/dL (n: 2) 1.8 (−) 0.033 143.1 (−) 0.166 11.4 (−) 0.052
 ≥ 100 mg/dL (n: 78) 15.9 (37.2) 106.7 (42.5) 6.3 (3.1)

BMI
 < 23 kg/m2 (n: 33) 7.4 (10.0) < 0.001 101.3 (60.8) 0.646 6.01 (2.73) 0.181
 ≥ 23 kg/m2 (n: 47) 24.5 (38.9) 108.6 (34.3) 6.61 (3.04)

Body fat percentage
 < %10 (n: 0) – – –
 ≥ %10 (n: 80) 15.9 (36.6) 107.7 (42.2) 6.4 (3.1)

Reduction in MAMA in comparison to the 50 th percentile of the general population
 Reduction > 10% (n:58) 9.8 (24.8) 0.001 103.0 (49.5) 0.487 6.7 (3.38) 0.267
 Reduction ≤ 10% (n: 22) 39.2 (50.3) 103.0 (49.5) 5.9 (1.97)

Dietary protein intake
 < 0.8 g/BW kg/day (n: 46) 20.6 (36.7) 0.071 112.0 (51.9) 0.038 5.3 (2.35) < 0.001
 ≥0.8 g/BW kg/day (n:34) 10.0 (29.1) 100.7 (41.7) 7.9 (2.5)

Dietary energy intake
 < 25 kcal/BW kg/day (n: 55) 17.5 (36.8) 0.119 110.2 (48.3) 0.102 5.6 (2.3) < 0.001
 ≥ 25 kcal/BW kg/day (n: 25) 8.1 (34.6) 102.2 (43.1) 8.3 (3.9)

Table 5  Correlation of dietary 
and serum zinc and leptin level 
with various factors

Data were analyzed using spearmen’s correlation test
BW body weight, BMI Body Mass İndex, MAMA mid-arm musclearea, MAC Mid arm circumference, TSFT 
Triseps skinfold thickness, MIS Malnutrition-inflammation score
Significant values are shown in bold (p < 0.05)

Variables Serum Leptin (ng/mL) Serum Zinc (µg/dL) Dietary Zinc Intake 
(mg/day)

r p r p r p

Serum zinc (µg/dL) 0.096 0.396 – – − 0.119 0.292
Dietary zinc intake (mg/day) − 0.041 0.717 − 0.119 0.292 – –
Albumin (g/dL) − 0.085 0.451 − 0.051 0.651 0.224 0.264
Total Cholesterol (g/dL) 0.445 < 0.001 0.193 0.086 − 0.312 0.005
Dry weight (kg) 0.320 0.004 0.125 0.271 0.229 0.041
MAC (cm) 0.519 < 0.001 0.153 0.175 0.075 0.506
MAMA  (cm2) 0.345 0.002 0.200 0.075 0.384 < 0.001
Handgrip Strength (kg) − 0.348 0.002 − 0.141 0.212 0.362 < 0.001
TSFT (mm) 0.707 < 0.001 0.000 0.999 0.135 0.233
BMI (kg/m2) 0.492 < 0.001 0.121 0.285 0.077 0.495
Fat mass (kg) 0.703 < 0.001 0.154 0.174 − 0.128 0.256
MIS (0-30) − 0.224 0.045 − 0.119 0.292 − 0.308 0.005
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different BMI criteria found the prevalence of PEW to be 
38.0%, 29.0%, and 14.8% for BMI < 23 kg/m2, BMI < 20 kg/
m2, and BMI < 18.5 kg/m2, respectively [20]. The difference 
in PEW prevalence in those studies conducted in different 
countries may be connected to the difference in criteria used 
to evaluate PEW. Furthermore, the sample count and the 
average age of the patients included in the study might have 
been effective.

Leptin is released from adipose cells in proportion to 
body fat quantity; it increases energy consumption and 
inhibits food intake [21]. In this study, the median serum 
leptin levels of male and female patients were detected as 
7.6 ng/mL and 38.5 ng/mL, respectively; the difference 
between the groups was statistically significant (p < 0.05) 
(Table 1). Sabbagh et al. [22] conducted a study on 104 
haemodialysis patients and similarly detected serum leptin 
levels of male and female patients as 8.07 ± 13.08 ng/mL and 
39.75 ± 42.38 ng/mL, respectively. Higher body fat percent-
age, more subcutaneous fat tissue, and hormonal reasons are 
the factors describing higher leptin levels in females [23].

Median serum leptin values of the patients with PEW [9.0 
(16.9) ng/mL] were significantly lower than in the patients 
without PEW [20.7 (38.5) ng/mL] (p < 0.05) (Table 3). Simi-
larly, Yu Chiu et al. [24] conducted a study with 188 hae-
modialysis patients, and serum leptin values of the patients 
with and without PEW were found to be 4.5 ng/mL and 
14.9 ng/mL, respectively. Markaki et al. [25] measured 
leptin levels in the patients meeting three criteria, meeting 
one or two criteria, and meeting none of the ISRNM cri-
teria for PEW as 5.3 ng/mL, 14.4 ng/mL and 18.2 ng/mL, 
respectively. Serum leptin levels were statistically higher in 
patients with greater total cholesterol levels, BMI values, 
and MAMA (p < 0.05) (Table 4). A positive correlation was 
found between serum leptin levels and dry weight, MAC, 
MAMA, BMI, TSFT and a negative correlation was also 
found with MIS (Table 5). Consistent with these findings, 
Montazerifar et al. [26] found a positive correlation between 
serum leptin levels and weight, BMI, and MAC. Similarly, 
a recently conducted study associated higher leptin levels 
with higher BMI, higher MAMA, and good nutritional status 

[25]. In the multivariate analyses, low leptin was associ-
ated with PEW (Table 6). However, this association lost its 
significance after adjusting for several confounding factors 
in model 2 (Table 6). Lower leptin levels in the patients 
with PEW compared to the patients without PEW may be 
explained as follows: elevation of leptin associated with 
renal function loss causes decreases in appetite and body 
fat mass. The decrease in serum leptin levels is proportional 
to the decrease in fat mass. Consistently, this study showed 
that patients with PEW had lower body fat mass compared 
to patients without PEW (Table 3), and serum leptin level 
positively correlated with fat mass (Table 5). Therefore, the 
lower leptin levels in the patients with PEW compared with 
those without PEW in the present study may be explained 
by decreased fat mass in the patients with PEW. Therefore, 
this result shows that low serum leptin levels might be the 
outcome rather than the cause of PEW.

The incidence of zinc deficiency is reported to range 
between 50 and 78% in haemodialysis patients [10, 11]. The 
causes of zinc deficiency in these patients include low zinc 
intake per diet, reduction of zinc absorption through low 
protein intake, and excretion of zinc in protein-zinc com-
plexes because of increased proteinuria [12]. The European 
Best Practice Guideline on Nutrition and Chronic Kidney 
Disease recommends a daily zinc intake of 10–15 mg/day for 
males and 8–12 mg/day for females [27]. In this study, die-
tary zinc intake was determined as 7.2 ± 2.33 mg/day in male 
patients and 5.6 ± 1.58 mg/day in female patients (p < 0.05) 
(Table 1). These amounts are less than the daily recommen-
dations. Van Duong et al. [28] reported that dietary zinc 
intake of haemodialysis patients as 7.5 ± 4.2 mg/day. The 
fact that the amount of zinc consumed daily is below the 
recommended value can be explained by the restriction 
of protein sources such as meat, fish, milk, which are the 
sources of zinc, to balance the serum phosphorus values of 
the patients.

The reference values of serum zinc levels for adults 
are considered to be 80–120 μg/dL [29]. In this study, the 
median serum zinc levels of the patients were found to be 
107.7 (42.2) μg/dL (Table 1). In parallel with the results, 

Table 6  Multivariate Models for Factors Associated with PEW

Model 1 included dietary and serum zinc and leptin levels
Model 2 adjusted for age, gender, body mass index, fat mass, hemodialysis vintage, albumin
Model 3 adjusted for Model 2 + dietary protein intake.  
Significant values are shown in bold (p < 0.05)

Model 1 Model 2 Model 3

B OR (95% Cl) p B OR (95% Cl) p B OR (95% Cl) p

Serum Leptin (ng/mL) − 0.02 0.97 (0.95−0.99) 0.026 − 0.00 0.99 (0.96−1.03) 0.974 − 0.02 0.97 (0.94−1.01) 0.257
Serum Zinc (µg/dL) 0.00 1.00 (1.00–1.01) 0.038 0.00 1.00 (1.00−1.00) 0.050 0.00 1.00 (1.00−1.00) 0.100
Dietary Zinc İntake (mg/day) − 0.38 0.67 (0.50−0.90) 0.008 − 0.47 0.62 (0.43−0.89) 0.011 −0.36 0.69 (0.32−1.49) 0.349
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Uslu et al. [30] found that serum zinc levels of haemodialy-
sis patients was 104.4 ± 41.63 μg/dL. In this study, although 
the dietary zinc intake of the individuals was insufficient, 
serum zinc levels were found to be in the normal range. The 
reason for this might be explained as follows; in cases which 
short-term hunger and zinc loss increase, it is reported that 
temporary normal serum zinc levels can be observed due to 
zinc release from tissues and cells [31].

Zinc deficiency is associated with decreased appetite and 
low body weight [32]. There is a limited number of studies 
on the effects of zinc deficiency, which has a wide biological 
activity range and is associated with anorexia in the patient 
with renal diseases [12]. In this study, dietary zinc intake in 
patients with PEW were significantly lower than in those 
without PEW (p < 0.05) (Table 4). Dietary zinc intake was 
negatively correlated with MİS (p < 0.05) (Table 5). Mul-
tiviarate regression analysis showed that lower dietary zinc 
intake was associated with PEW, however, this significant 
association disappeared after the multivariate analysis that 
included protein intake as a confounding factor in model 3 
(Table 6). It is well known that protein-rich sources such as 
meat, fish and dairy foods are good sources of zinc. In this 
study, low zinc intake in patients with pew can be explained 
by the lower protein intake of patients with pew than those 
without pew. In this study, the protein intake of patients is 
low. Consistent with this result, in a study conducted by Kim 
et al. [33], patients’ daily protein intake was determined to 
be 0.9 ± 0.3 g/kg/day. In a study conducted with 128 haemo-
dialysis patients in Turkey, it is found that dietary protein 
intake was lower than recommended in 78.1% of patients 
[34]. Dietary protein intake tend to be low in hemodialysis 
patients because these patients are often undernourished 
due to chronic inflammation, uremia, and food restrictions. 
In this study, low protein intake may be attributed to the 
patients’ inadequate energy intake and the fact that the phos-
phorus sources that should be restricted in these patients are 
also protein-rich sources.

It has been reported that the leptin hormone is an impor-
tant factor in explaining zinc deficiency-induced anorexia 
in renal patients, and zinc may significantly affect leptin 
secretion [35]. Lee et al. [36] found in their study that zinc 
deficiency increased serum leptin levels, whereas supple-
mentation of zinc reduced such levels. Chen et al. [37] found 
a significant increase in urinary zinc excretion in obese rats 
with higher leptin and lower zinc levels. It was reported 
in the same study that supplementation of zinc caused an 
increase in leptin levels and prevention of obesity; the lep-
tin resistance found in obesity may be caused by zinc defi-
ciency. Moreover, it has been reported that zinc may affect 
gene expression of leptin directly, or it may cause leptin 
production by increasing the use of glucose by adipose tis-
sue. Konukoğlu et al. [35] suggested that lower zinc levels 
in obese patients cause leptin resistance. However, in the 

present study, there was no significant association between 
serum leptin level and zinc (p > 0.05) (Table 5). Moreover, 
there was no significant difference in serum zinc levels 
between the patients with and without PEW (Table 3). In 
line with the study above, Şahin et al. [38] reported that 
there was no correlation between serum zinc and leptin lev-
els. In the present study, a lack of association between serum 
leptin and zinc may be explained by the lower number of 
patients of zinc deficiency.

The most important strength of this study is that it is the 
first study to evaluate the relationship between dietary and 
serum zinc and leptin levels and PEW. Another strength of 
our study is the use of ICP-MS, a highly sensitive, modern 
and sensitive method that eliminates analytical errors for 
serum zinc analysis. The present study has also some limita-
tions. First, the sample size was relatively small. The power 
of the statistical analysis could be increased by increasing 
sample size. Second, causal relationships between PEW 
and dietary and serum zinc and leptin levels could not be 
determined from this study due to its cross-sectional design. 
Therefore, future randomized control studies are required to 
clarify these relationships.

Conclusion

The results of this study suggest that PEW is prevalent in 
haemodialysis patients. Dietary zinc intake and serum zinc 
and leptin concentration were not associated with PEW. Low 
serum leptin might be the outcome rather than the cause of 
PEW in haemodialysis patients. There was no relationship 
between serum leptin and dietary and serum zinc in these 
patients. More studies with the large sample are needed to 
understand the association between dietary zinc and serum 
zinc and leptin levels and protein-energy wasting in these 
patients.
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