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AbstrACt

ObJeCtIVe: Protein-energy wasting (PEW) and inflammation are common and related to increased 
cardiovascular mortality in hemodialysis (HD) patients. Herein, we aimed to investigate the relationships 
between adipocytokines, inflammation and serum and anthropometric markers of PEW syndrome in 
HD patients. 

mAterIAl and metHOds: Seventy-four HD patients (mean age=62±13 years, male/female=44/30) 
were enrolled. Serum leptin, adiponectin and IL-6 levels were measured by ELISA. Anthropometric 
measurements such as triceps skin fold thickness (TSFT), mid-arm circumference (MAC) were 
performed. Bioelectrical impedance analysis was also done. The degree of malnutrition was evaluated 
with subjective global assessment (SGA).

results: The leptin/fat ratio was associated with serum IL-6 (r=0.32, p=0.008), serum albumin (r= 
-0.37, p=0.002) and TSFT (r= -0.41, p=0.001). Serum adiponectin levels were positively correlated with 
serum albumin (r=0.29,p=0.01) and negatively associated with the leptin/fat ratio (r= -0.30, p=0.01). 
Serum CRP levels were significantly lower in the high adiponectin group (1.20 ±0.92 vs 2.02 ±2.18 
µg/mL, p=0.042). On linear regression analysis for predicting the leptin/fat ratio, gender and serum 
albumin were retained as significant in the model. 

COnClusIOn: Serum leptin parameters are associated with inflammation and both anthropometric 
and serum markers of protein-energy wasting. Adipocytokines may be the link between PEW and 
inflammation in uremia. 

key wOrds: Adiponectin, Adipocytokines, Hemodialysis, Inflammation, Leptin, Protein-energy 
wasting

Öz

AmAÇ: Hemodiyaliz (HD) hastalarında protein-enerji kaybı (PEK) ve enflamasyon yaygındır ve 
artmış kardiyovasküler mortalite ile yakından ilişkilidir. Bu çalışmada, HD hastalarında adipokinler 
ile enflamasyon ve serum ile PEK sendromunun antropometrik göstergeleri arasındaki ilişkinin 
araştırılması amaçlanmıştır.

GereÇ ve yÖntemler: Çalışmaya 74 HD hastası (ortalama yaş= 62+13, erkek/kadın oranı 44/30) 
alındı. Serum leptin, adiponektin ve IL-6 seviyeleri ELISA ile ölçüldü. Triseps deri kıvrım kalınlığı 
(TSFT), orta kol çevresi (MAC) gibi antropometrik ölçümler yapıldı. Ayrıca biyoelektrik impedans 
analizi yapıldı. Malnütrisyon derecesi subjektif global değerlendirme (SGA) testi ile değerlendirildi. 

bulGulAr: Leptin / yağ oranının serum IL-6 (r=0,32, p=0,008) ve serum albumin (r= -0,37, p=0,002) 
seviyeleri ve TSFT (r= -0,41, p=0,001) ile ilişkili olduğu görüldü. Serum adiponektin düzeyleri serum 
albumini (r=0,29, p=0,01) ile pozitif korele ve leptin/yağ oranı (r= -0,30, p=0,01) ile negatif korele 
bulundu. Yüksek adiponektin düzeyi olan grupta serum CRP düzeyleri anlamlı olarak düşük bulundu 
(1,20 ± 0,92 vs 2,02 ± 2,18 µg/mL, p=0,042). Modelde leptin /yağ oranının prediktif değeri için yapılan 
lineer regresyon analizinde cinsiyet ve serum albümin değeri anlamlı kalmaya devam etti.
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IntrOduCtIOn

Protein-energy wasting (PEW) and inflammation are common 
and related to increased morbidity and mortality in hemodialysis 
(HD) patients (1,2). Fat tissue-derived adipocytokines such as 
leptin, adiponectin and interleukin-6 (IL-6) may play important 
roles in PEW and inflammation but only a few studies detail 
these issues in the HD population.

Leptin modulates energy expenditure and has an anorectic 
effect (3) in experimental models (4) and the non-uremic 
population (5,6). Stenvinkel et al. found a significant increase in 
serum leptin concentrations in peritoneal dialysis (PD) patients 
who lost lean body mass, and hyperleptinemia was suggested 
to be an important cause of uremic cachexia (7). Increased 
serum leptin levels have been shown to be associated with 
lower dietary intake and higher catabolic rate in uremic children 
(8). Similarly, Young et al. showed that dialysis patients with a 
higher leptin/fat ratio had lower protein intake and lean body 
mass (9). Adiponectin has also been proposed to be related to 
wasting process in dialysis patients (10). Serum leptin levels are 
associated with C-reactive protein (CRP) in healthy individuals 
(11,12). Furthermore, leptin possesses cytokine-like properties 
and increased leptin levels are related to IL-6 and CRP in 
obesity, metabolic syndrome and diabetes mellitus (13,14). In 
contrast, adiponectin is known to have anti-inflammatory and 
anti-atherogenic properties (15).

With this background in mind, adipocytokines may play a 
causal role in the relationship between PEW and inflammation in 
HD patients. To test this hypothesis, we aimed to investigate the 
relationships between adipocytokines, inflammation and serum 
and anthropometric markers of PEW syndrome in HD patients.

PAtIents and metHOds
Study Population
Seventy-four chronic HD patients (mean age=62±13 years, 

male/female=44/30) were enrolled. Patients with malignancy, 
anorexia nervosa, acute kidney injury, inflammatory bowel 
syndromes, acute infectious and inflammatory diseases, and 
malabsorption syndromes other than uremia were excluded. 
Etiologies of chronic kidney disease were as follows: diabetes 
mellitus, 23 (31%); hypertension, 12 (16 %); glomerulonephritis, 
7 (9.5%); polycystic kidney disease, 7 (9.5%); chronic 
pyelonephritis, 3 (4%); others, 8 (11%) and unknown, 14 (19%). 

Laboratory Analyses
Fasting blood samples were collected before the midweek 

HD session. Patients were receiving thrice weekly dialysis for 

4 hours period with a standard bicarbonate-containing dialysate 
bath, using a high-flux HD membrane. Blood flow rates ranged 
from 250 to 300 mL/min, while dialysate flow rate was kept 
constant at 500 mL/min.

Serum leptin (Invitrogen, CA, USA), adiponectin (Invitrogen, 
MD, USA) and IL-6 (Invitrogen, CA, USA) levels were measured 
by enzyme-linked immunosorbent assay (ELISA). Intra and 
inter-assay CV of these ELISA kits were as follows: leptin, 3.8% 
and 4.6%; adiponectin, 2.9% and 2.8%; IL-6, 7.7% and 9.3% 
respectively. Analytic sensitivity of the kits were as follows: leptin, 
<2 pg/mL; adiponectin, 100 pg/mL; IL-6, <2 pg/mL respectively. 

Homeostatic model assessment of insulin resistance 
(HOMA-IR) was calculated to determine the insulin resistance 
by using the formula described previously (16): serum glucose 
(mg/dL) x serum insulin (µu/mL) / 405.

Anthropometric Measurements
Anthropometric measurements such as triceps skin fold 

thickness (TSFT) and mid-arm circumference (MAC) were 
performed. Bioelectrical impedance analysis (BIA) was 
also performed to measure body mass index (BMI), fat mass 
and ratio. All the BIA measurements were taken after the 
hemodialysis session. Degree of malnutrition was evaluated 
with subjective global assessment (SGA) as described elsewhere 
(17). Accordingly, the “dialysis malnutrition score” consists of 
seven features: weight change, dietary intake, gastrointestinal 
symptoms, functional capacity, comorbidity, subcutaneous fat 
and signs of muscle wasting. Each component has a score from 
1 (normal) to 5 (very severe). Thus the malnutrition score is a 
number between 7 (normal) and 35 (severely malnourished). 

Our examinations of the patients conformed to good 
medical and laboratory practices and the recommendations 
of the Declaration of Helsinki on Biomedical Research 
involving Human Subjects. This study was approved by Ethical 
Committee of Istanbul Medeniyet University, Goztepe Training 
and Research Hospital (20/M/20.03.12).

Statistical Analysis
Results were expressed as mean ± standard deviation. 

Data with non-normal distribution were presented as median 
(interquartile range). Statistical analyses were performed 
using the Student t-test and χ2-tests. Correlation coefficients 
and significance were calculated by Pearson’s test. For all the 
tests, a two-tailed p value of <0.05 was considered statistically 
significant. Statistical analyses were performed with the 
Statistical Package for Social Sciences for Windows version 
16.0 (SPSS Inc, Chicago, IL, USA).

sOnuÇ: Serum leptin parametreleri hem enflamasyon ile hem de PEK’in antropometrik ve serum göstergeleri ile ilişkilidir. Adipositokinler, 
üremik hastalarda, enflamasyon ve PEK arasındaki bağlantı olabilir. 

AnAHtAr sÖzCükler: Adiponektin, Adipositokinler, Hemodiyaliz, Enflamasyon, Leptin, Protein-enerji malnütrisyon
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When we compared the parameters in patients with and 
without diabetes, serum leptin levels were significantly lower in 
diabetic patients compared to non-diabetics (24.19 ± 3.50 ng/mL 
vs. 25.63 ± 2.34 ng/mL, p=0.03). In contrast, serum adiponectin 
levels were similar between diabetics and non-diabetics (19.27 ± 
11.01 µg/mL vs. 22.58 ± 10.51µg/mL, p=0.20). BMI (25 ± 4 kg/
m2 vs. 22 ± 3 kg/m2, p=0.001), TSFT (10± 4 mm vs. 6± 4 mm, 
P=0.001), and MAC values (28± 4 mm vs. 25± 2 mm, p=0.001) 
were significantly higher in diabetics, while SGA was lower    
(11 ±4 vs 14 ± 4, p=0.02) in diabetics compared to non-diabetics. 

In linear regression analysis for predicting the leptin/fat 
ratio; age, gender, serum albumin, IL-6 and adiponectin were 
included as independent variables. Gender and serum albumin 
were retained as significant in the model (Table II). 

dIsCussIOn

In the present study, we found serum leptin parameters to 
be associated with malnutrition and inflammation. Additionally 
adiponectin had anti-inflammatory features and was negatively 
associated with serum albumin levels. 

Leptin, one of the best characterized adipocytokines, is 
released into the blood in proportion to the amount of body fat 
and has inhibitory effects on food intake while increasing energy 
expenditure (3). Dialysis patients were found to have increased 
serum leptin levels despite lower body fat ratio when compared 
to healthy controls (9). The ratio of fat mass is highly variable. 
Leptin adjusted for an adiposity index such as the fat ratio 
may be more informative and better correlated with nutritional 
parameters. Thus we used the leptin/ fat ratio in most of our 
analyses. Similarly, in the study by Young et al, the leptin / fat 
mass ratio was used and found as an important indicator of 
malnutrition (9).

Hyperleptinemia has been shown to be associated with 
uremic cachexia and lower protein intake in previous studies 
(7,9). Serum leptin concentrations were found to be increased in 
PD with low lean body mass (7). It has also been shown that high 
serum leptin levels are associated with lower dietary intake and 
higher catabolic rate in uremic children (8). Similarly, patients 
with higher leptin/fat ratio were found to have lower protein 
intake and lean body mass (9). In addition to these studies, 
we found significant associations between serum leptin and 
anthropometric nutritional parameters such as TSFT. In the study 
by Young et al, serum leptin concentration was not associated 
with nutritional indices such as albumin (9). In contrast, we 
found that the leptin/fat ratio was negatively correlated with 
serum albumin levels. The discrepancies in the results of the 
studies might be due to the differences in study populations. 

Leptin has also been implicated in many atherogenic 
processes, including platelet aggregation and thrombosis (18); 
vascular calcification (19) and production of inflammatory 
cytokines such as tumor necrosis factor- α (TNF-α), IL-6 and 

results

Baseline demographic and biochemical parameters of the 
study population are presented in Table I. Age, time on dialysis, 
BMI, serum leptin, adiponectin and IL-6 levels were similar 
between males and females. Serum creatinine, uric acid, and 
leptin/fat ratio were significantly higher, while body fat ratio, 
SGA, and TSFT were significantly lower in males compared to 
females (p<0.05). 

The leptin/fat ratio was associated with serum IL-6 (r=0.32, 
p=0.008) and serum albumin (r= -0.37, p=0.002) (Figure 1).The 
leptin/fat ratio was significantly negatively associated with 
TSFT (r= - 0.41, p=0.001). 

Serum adiponectin levels were positively correlated with 
serum albumin (r=0.29, p=0.01) and negatively associated with 
leptin/fat ratio (r= -0.30, p=0.01) whereas serum adiponectin 
levels were not associated with anthropometric malnutrition 
parameters. When patients were divided into two groups 
according to median adiponectin levels, serum CRP levels were 
significantly lower in the high adiponectin group (1.20 ±0.92 
µg/mL vs. 2.02 ±2.18 µg/mL, p=0.042). As expected, serum 
IL-6 levels tended to be lower in the high adiponectin group 
(9.64 ± 7.53 vs. 13 ± 10.71 pg/mL, p=0.08). 

The HOMA score was significantly associated with age (r= 
0.35, p=0.002), fat mass (r= 0.36, p=0.003), fat ratio (r= 0.38, 
p=0.002), SGA (r= 0.25, p=0.04), and serum triglyceride (r=0.45, 
p<0.001). Serum leptin and adiponectin parameters were not 
associated with insulin resistance indicated by the HOMA score.

Figure 1: Leptin/fat ratio was associated with serum albumin levels 
(r= -0.37, p=0.002).
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table I: Basic biochemical parameters.

Parameters total (n=74)
mean ± sd/IQr

male (n=44)
mean ± sd/IQr

Female (n=30)
mean ± sd/IQr p value

Age (years) 62 ± 13 61 ± 13 63± 14 0.59

Time on dialysis (years)* 3.13 (1-7.46) 3.13 (1.18-7.38) 3.06 (1-9.56) 0.40

BMI (kg/m2) 23 ± 3 24 ± 3 22 ± 4 0.18

Fat ratio (%) 27 ± 9 25 ± 9 32 ± 6 0.001

Fat mass (kg) 18.84 ± 7.56 18.23 ± 8.03 19.79 ± 6.80 0.41

Lean mass (kg) 48.75 ± 10.49 53.67 ± 9.02 41.09 ± 7.72 <0.001

Urea (mg/dL) 137 ± 33 144 ± 32 126 ± 33 0.02

Creatinine (mg/dL) 7,65 ± 2,74 8.50 ± 2.80 6.39 ± 2.13 0.001

Uric acid (mg/dL) 5,85 ± 1,53 6.17 ± 1.43 5.36 ± 1.58 0.02

Calcium (mg/dL) 8,76 ± 0,99 8.71 ± 0.78 8.82 ± 1.25 0.65

Phosphorus (mg/dL) 5,29 ± 1,56 5.47 ± 1.50 5.03 ± 1.65 0.24

Total cholesterol (mg/dL) 172 ± 36 168 ± 35 179 ± 36 0.19

Triglyceride (mg/dL) 162 ± 71 156 ±73 171 ± 69 0.36

HDL (mg/dL) 40 ± 10 38 ± 8 43 ± 12 0.07

LDL (mg/dL) 106 ± 38 106 ± 35 107 ± 43 0.89

ALP (IU/L)* 110 (76-150) 111 (77-141) 104 (65-185) 0.39

Total protein (g/dL) 6,96 ± 0,66 7.02 ± 0.62 6.87 ± 0.71 0.31

Albumin (g/dL) 3,67 ± 0,38 3.70 ± 0.37 3.64 ± 0.39 0.53

Hemoglobin (g/Dl) 10,61 ± 1,49 10.80 ± 1.53 10.32 ± 1.41 0.17

Parathormone (pg/mL)* 307 (183-573) 299 (196-517) 318 (172-695) 0.32

Ferritin (ng/mL)* 545 (293-759) 518 (281-718) 601 (409-868) 0.31

CRP (mg/dL)* 0.98 (0.48-1.91) 0.98 (0.54-2.04) 0.92 (0.39-1.91) 0.49

Insulin (mU/L)* 13.66 (5.70-22.96) 16.13 (5.17-24.66) 12.70 (5.95-21.86) 0.97

HOMA-IR* 3.90 (1.29-7.81) 4.11 (1.19-7.84) 3.21 (1.38-7.62) 0.57

Leptin (ng/mL) 25,12 ± 2,86 25.27 ± 3.08 24.90 ± 2.55 0.59

Leptin / fat ratio 1,07 ± 0,64 1.23 ± 0.76 0.82 ± 0.24 0.003

Adiponectin (µg/mL) 21,42 ± 10,73 20.71 ± 10.73 22.47 ± 10.84 0.49

IL-6 (pg/mL)* 9.17 (7.01-11.93) 9.35 (7.46-11.42) 7.92 (6.16-12.68) 0.64

SGA 13 ± 4 11.13 ± 2.52 16.16 ± 5.49 <0.001

MAC (mm) 26,12 ± 3,65 26.44 ± 2.86 25.62 ± 4.67 0.44

* Expressed as median (interquartile range).
bmI: Body mass index, Ast: Aspartate aminotransferase, Alt: Alanine aminotransferase, AlP: Alkaline phosphatase, Hdl: High density 
lipoprotein, ldl: Low density lipoprotein, esr: Erythrocyte sedimentation rate, tIbC: Total iron binding capacity, CrP: C-reactive protein, 
HOmA-Ir: Homeostatic model assessment of insulin resistance, Il-6: Interleukin 6, sGA: Subjective global assessment, mAC: Mid-arm 
circumference, tsFt: Triceps skin fold thickness, IQr: Interquartile range
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that of the male patients. Nutritional status indicated by serum 
albumin was found to be the main factor determining the leptin 
fat ratio in HD patients. 

The cross-sectional nature of the study and lack of follow-
up data which might provide important information about the 
prognostic implications of adipocytokines may be regarded as 
the limitations of this study. 

In conclusion, serum leptin parameters are associated with 
inflammation and both anthropometric and serum markers of 
protein-energy wasting in HD patients. Adiponectin seemed to 
have anti-inflammatory features. Adipocytokines may be the 
link between PEW and inflammation in uremia. 

reFerenCes
1. Bergstrom J: Why are dialysis patients malnourished? Am J Kidney 

Dis 1995; 26: 229-241

2. Carrero JJ, Chmielewski M, Axelsson J, Snaedal S, Heimbürger 
O, Bárány P, Suliman ME, Lindholm B, Stenvinkel P, Qureshi AR: 
Muscle atrophy, inflammation and clinical outcome in incident and 
prevalent dialysis patients. Clin Nutr 2008; 27: 557-564

3. Mak RH, Cheung W, Cone RD, Marks DL: Leptin and inflammation-
associated cachexia in chronic kidney disease. Kidney Int 2006; 
69(5): 794-797

4. Fruebis J, Tsao TS, Javorschi S, Ebbets-Reed D, Erickson MR, Yen 
FT, Bihain BE, Lodish HF: Proteolytic cleavage product of 30-kDa 
adipocyte complement-related protein increases fatty acid oxidation 
in muscle and causes weight loss in mice. Proc Natl Acad Sci USA 
2001; 98: 2005-2010

5. Yang WS, Lee WJ, Funahashi T, Tanaka S, Matsuzawa Y, Chao CL, 
Chen CL, Tai TY, Chuang LM: Weight reduction increases plasma 
levels of an adipose-derived anti-inflammatory protein, adiponectin. 
J Clin Endocrinol Metab 2001; 86: 3815-3819

IL-12 (20). Increased leptin levels were found to be associated 
with increased IL-6 and CRP in obesity, metabolic syndrome 
and diabetes mellitus (13,14). Leptin directly stimulates 
the production of acute-phase proteins in liver cells (21). 
Furthermore, a significant correlation between leptin and CRP 
concentrations was demonstrated in chronic kidney disesase 
(CKD) patients, suggesting that inflammation is an important 
factor that contributes to hyperleptinemia in CKD (22). In the 
study by Pecoits-Filho et al. (23) performed on 149 non-obese 
end-stage renal disease (ESRD) patients, a positive correlation 
was found between IL-6 and serum leptin concentrations. 
Similarly, we also found a significant association between 
inflammation and leptin parameters. Adiponectin has been 
shown to behave as a protective factor for inflammation (24). 
Consistent with these reports, we also found serum adiponectin 
levels to be negatively related to serum CRP and IL-6 levels. 

Decrease in serum adiponectin levels has been reported to 
be associated with conditions such as insulin resistance, obesity, 
diabetes mellitus and dyslipidemia (24-27). However, serum 
adiponectin levels were not associated with insulin resistance 
indicated by HOMA score in the present study. Age, serum 
triglyceride, fat mass and ratio were all significantly correlated 
with insulin resistance in HD patients, similar to the healthy 
population. Probably increased adiposity and high serum 
triglyceride levels are associated with insulin resistance in ESRD 
patients as well. Adiponectin has been reported to be lower in 
diabetic patients with early diabetic nephropathy (28) but we 
could not find any difference in terms of serum adiponectin 
levels between diabetic and non-diabetic HD patients. 

On linear regression analysis for predicting the leptin/fat 
ratio, gender and serum albumin were retained as significant 
in the model. Gender was related to the leptin/fat ratio because 
the fat ratio of the female patients was significantly higher than 

table II: On linear regression analysis for predicting the leptin/fat ratio, gender, serum albumin and IL-6 were retained as significant 
in the model.

model r
Adjusted r2

model p

0.567
0.265
<0.001

unadjusted
Adjusted β p value

β standard error

Constant 4.07 0.85 <0.001

Age (years) - 0.008 0.005 -0.16 0.12

Gender -0.37 0.14 -0.28 0.009

Albumin (g/dl) -0.54 0.19 -0.31 0.006

Il-6 0.01 0.007 0.19 0.08

Adiponectin(µg/ml) -0.006 0.007 -0.09 0.37



90

türk nefroloji diyaliz ve transplantasyon dergisi
Turkish Nephrology, Dialysis and Transplantation Journal Özkök A et al : Leptin and Protein-Energy Wasting

Turk Neph Dial Transpl 2014; 23 (2): 85-90

18. Konstantinides S, Schafer K, Koschnick S, Loskutoff DJ: Leptin-
dependent platelet aggregation and arterial thrombosis suggests a 
mechanism for atherothrombotic disease in obesity. J Clin Invest 
2001; 108(10): 1533-1540

19. Parhami F, Tintut Y, Ballard A, Fogelman AM, Demer LL: Leptin 
enhances the calcification of vascular cells artery wall as a target of 
leptin. Circ Res 2001; 88 (9): 954-960

20. Loffreda S, Yang SQ, Lin HZ, Karp CL, Brengman ML, Wang DJ, 
Klein AS, Bulkley GB, Bao C, Noble PW, Lane MD, Diehl AM: 
Leptin regulates proinflammatory immune responses. FASEB J 
1998;12 (1): 57-65

21. Dowidar NL, Dejong CHC, Fearon KCH, Garden OJ, Ross JA: 
Effects of leptin on isolated human hepatocyte C reactive protein 
production. Eur J Gastroenterol Hepatol 2000; 12: A18

22. Nordfors L, Lönnqvist F, Heimbürger O, Danielsson A, Schalling 
M, Stenvinkel P: Low leptin gene expression and hyperleptinemia 
in chronic renal failure. Kidney Int 1998; 54: 1267-1275

23. Pecoits-Filho R, Nordfors L, Heimbürger O, Lindholm B, Anderstam 
B, Marchlewska A, Stenvinkel P: Soluble leptin receptors and serum 
leptin in end-stage renal disease: relationship with inflammation and 
body composition. Eur J Clin Invest 2002; 32: 811-817

24. Kadowaki T, Yamauchi T, Kubota N, Hara K, Ueki K, Tobe K: 
Adiponectin and adiponectin receptors in insulin resistance, 
diabetes, and the metabolic syndrome. J Clin Invest 2006; 116 (7): 
1784-1792

25. Guebre-Egziabher F, Bernhard J, Funahashi T, Hadj-Aissa A, 
Fouque D: Adiponectin in chronic kidney disease is related more 
to metabolic disturbances than to decline in renal function. Nephrol 
Dial Transplant 2005; 20: 129-134

26. Shen YY, Charlesworth JA, Kelly JJ, Loi KW, Peake PW: Up-
regulation of adiponectin, its isoforms and receptors in end-stage 
kidney disease. Nephrol Dial Transplant 2007; 22(1): 171-178

27. Wiecek A, Adamczak M, Chudek J: Adiponectin-an adipokine with 
unique metabolic properties. Nephrol Dial Transplant 2007; 22: 
981-988

28. Yilmaz MI, Saglam M, Qureshi AR, Carrero JJ, Caglar K, Eyileten 
T, Sonmez A, Cakir E, Oguz Y, Vural A, Yenicesu M, Stenvinkel P, 
Lindholm B, Axelsson J: Endothelial dysfunction in type-2 diabetics 
with early diabetic nephropathy is associated with low circulating 
adiponectin. Nephrol Dial Transplant 2008; 23: 1621-1627

6. Qi Y, Takahashi N, Hileman SM, Patel HR, Berg AH, Pajvani UB, 
Scherer PE, Ahima RS: Adiponectin acts in the brain to decrease 
body weight. Nat Med 2004; 10: 524-529

7. Stenvinkel P, Lindholm B, Lönnqvist F, Katzarski K, Heimbürger 
O: Increases in serum leptin levels during peritoneal dialysis are 
associated with inflammation and a decrease in lean body mass. J 
Am Soc Nephrol 2000; 11: 1303-1309

8. Daschner M, Tönshoff B, Blum WF, Englaro P, Wingen AM, 
Schaefer F, Wühl E, Rascher W, Mehls O: Inappropriate elevate 
of serum leptin in children with chronic renal failure. European 
Study Group for Nutritional Treatment of Chronic Renal Failure in 
Childhood. J Am Soc Nephrol 1998; 9: 1074-1079

9. Young GA, Woodrow G, Kendall S, Oldroyd B, Turney JH, 
Brownjohn AM, Smith MA: Increased plasma leptin/fat ratio in 
patients with chronic renal failure: A cause of malnutrition? Nephrol 
Dial Transplant 1997; 12(11): 2318-2323

10. Carrero JJ, Brodin L, Lindholm B, Stenvinkel P: Adiponectin in 
chronic kidney disease: Dr Jekyll and Mr Hyde. Kidney Int 2009; 
75: 120-121

11. Shamsuzzaman AS, Winnicki M, Wolk R, Svatikova A, Phillips 
BG, Davison DE, Berger PB, Somers VK: Independent association 
between plasma leptin and CRP in healthy humans. Circulation 
2004; 109: 2181-2185

12. Ble A, Windham BG, Bandinelli S, Taub DD, Volpato S, Bartali B, 
Tracy RP, Guralnik JM, Ferrucci L: Relation of plasma leptin to 
C-reactive protein in older adults. Am J Cardiol 2005; 96: 991-995

13. Maachi M, Piéroni L, Bruckert E, Jardel C, Fellahi S, Hainque B, 
Capeau J, Bastard JP: Systemic low-grade inflammation is related to 
both circulating and adipose tissue TNFα, leptin and IL-6 levels in 
obese women. nt J Obes Relat Metab Disord 2004; 28 (8): 993-997

14. Monzillo LU, Hamdy O, Horton ES, Ledbury S, Mullooly C, 
Jarema C, Porter S, Ovalle K, Moussa A, Mantzoros CS: Effect of 
lifestyle modification on adipokine levels in obese subjects with 
insulin resistance. Obes Res 2003; 11(9): 1048-1054

15. Pischon T, Girman CJ, Hotamisligil GS, Rifai N, Hu FB, Rimm EB: 
Plasma adiponectin levels and risk of myocardial infarction in men. 
JAMA 2004; 291: 1730-1737

16. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, 
Turner RC: Homeostasis model assessment: Insulin resistance 
and beta-cell function from fasting plasma glucose and insulin 
concentrations in man. Diabetologia 1985; 28: 412-419

17. Kalantar-Zadeh K, Kleiner M, Dunne E, Lee GH, Luft FC:                       
A modified quantitative subjective global assessment of nutrition 
for dialysis patients. Nephrol Dial Transplant 1999; 14 (7): 1732-
1738




