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Abstract Malnutrition inflammation syndrome (MIS) is
common among ESRD patients. In the present study, we have
investigated the association of genetic markers associated
with appetite and energy regulation with malnutrition
inflammation syndrome among end-stage renal disease
(ESRD) patients. Two hundred and fifty-seven patients on
maintenance hemodialysis and 200 normal healthy controls
were included in the study. Nutritional assessment was done
by subjective global assessment scores (SGA). Genotyping of
leptin-2548 G/A (1s7799039), ghrelin Leu72Met (rs696217-
408 C/A), Arg51Gln (rs34911341-346 G/A) and uncoupling
protein 2 (UCP2) 45 bp insertion deletion was done using
PCR-RFLP. Levels of leptin and acyl ghrelin were assessed
using ELISA. Leptin-2548 AA genotype was associated with
twofold higher risk of disease susceptibility while UCP2

Electronic supplementary material The online version of this
article (doi:10.1007/s12263-013-0353-7) contains supplementary
material, which is available to authorized users.

R. Sharma - A. Saxena - R. K. Sharma (X))

Department of Nephrology, Sanjay Gandhi Post Graduate
Institute of Medical Sciences (SGPGIMS), Raebareli Road,
Lucknow 226014, UP, India

e-mail: rksharma@sgpgi.ac.in

R. Sharma
e-mail: richa2612@gmail.com

A. Saxena
e-mail: anitimmy @sgpgi.ac.in

S. Agrawal
Department of Medical Genetics, SGPGIMS, Lucknow, India
e-mail: sur_ksha_agrawal @yahoo.co.in

M. Pandey

School of Telemedicine and Biomedical Informatics,
SGPGIMS, Lucknow, India

e-mail: way2manmohan @ gmail.com

insertion—deletion heterozygotes showed protective effect.
Ghrelin GIn51GIn and Met72Met genotype were associated
with 3.4- and 2.5-fold higher disease susceptibility. The
Met72 and GIn51 allele showed 3.3- and 2.1-fold higher
susceptibility to malnutrition in severe SGA group. Further,
the levels of acyl ghrelin were significantly less in severe
category of malnutrition and in poor appetite group. On
combined analysis, the group 2 (presence of 3—4 risk alleles)
showed 1.5- and twofold higher susceptibility to disease and
malnutrition, respectively. On docking analysis, it was
observed that higher receptor binding energy was associated
with the mutant form of ghrelin (GIn51). Moderate and severe
SGA were associated with 2.2- and 4.1-fold higher death
hazard. Our study suggests that ghrelin may be major marker
contributing to susceptibility to MIS among ESRD patients.

Keywords End-stage renal disease - Malnutrition
inflammation syndrome - Leptin - Ghrelin UCP2

Introduction

Protein energy malnutrition is frequently observed in end-
stage renal disease (ESRD) and is a key predictor of sur-
vival in their survival. In ESRD patients on hemodialysis
protein energy malnutrition is frequently observed and a
key predictor of survival. There are diverse aspects which
might cause malnutrition which includes anorexia, hin-
drance in gastric emptying, inflammation, weak protein
assimilation, depression and comorbidity (Mitch 2002).
Universal features of malnutrition are muscle wasting, loss
of protein stores, hypoalbuminemia, increased energy
expenditure and anorexia. A significant amount of mor-
tality risk has been reported in peritoneal dialysis (PD)
patients with poor appetite (Gama-Axelsson et al. 2013).
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Leptin is an important hormone produced by adipocytes,
and belongs to IL6 family of cytokines, related to dimin-
ished food intake. It has been implied that TNF-a is related
to cachexia (Tracey et al. 1988). A dose-dependent
increase in leptin levels was detected on endotoxin or
cytokines like IL-1 or TNF-o administration in experi-
mental animals (Grunfeld et al. 1996). This suggests that
weight loss and anorexia in chronic wasting diseases might
be linked with leptin. The ESRD patients are associated
with hyperleptinemia, suggesting hyperleptinemia stimu-
lated feedback inhibition (Nordfors et al. 1998) as a cause
of anorexia and decreased food intake (Young et al. 1997).

On the contrary, ghrelin is an appetite stimulating hor-
mone and transduces signals to hypothalamic regulatory
nuclei that control energy homeostasis. Ghrelin is shown to
enhance food intake in dialysis patients with mild to mod-
erate malnutrition in randomized, placebo-controlled trial
(Wynne et al. 2005). It is found in acylated and des-acylated
versions in the body. The acylated version attaches to
growth hormone secretagogue receptor (GHS-Rla) and
exerts biological function while des-acylated form is non-
functional and may contribute to appetite loss in ESRD
patients (Mak et al. 2012). Increase in plasma levels of total
ghrelin correlates with fat mass in ESRD patients (Cheung
and Mak 2010). Malnutrition is also linked with enhanced
energy expenditure. UCP2 is an energy regulator which
uncouples respiration from ATP synthesis by providing an
alternative route for protons to enter in the mitochondrial
matrix resulting into heat generation. The functions of
UCP2 are thermogenesis and reduction of reactive oxygen
species. UCP2 is also related to energy metabolism and
obesity in human and rodent models (Schrauwen and
Hesselink 2002). Increase in energy expenditure in ESRD
patients is identified as a factor associated with malnutrition
inflammation syndrome; hence, UCP2 is a potential marker
of interest in this regard (Carrero et al. 2013).

These factors are genetically regulated which in turn
may influence the severity of MIS. Recently, there are
many studies in ESRD which have demonstrated associa-
tion of the ghrelin and leptin levels with malnutrition
(Caliskan et al. 2012) and mortality (Carrero et al. 2011).
UCP2 expression level has not been explored in malnour-
ished ESRD patients, but expression of UCP2 has been
investigated in cancer cachectic patients and mice model
(Julienne et al. 2012). In our previous study, we found that
inflammatory markers like TNF-a, IL-6 and IL-10 have an
important role in inducing malnutrition and inflammation
at both genotypic and phenotypic level (published else-
where). Interestingly, there is no study where the leptin,
ghrelin and UCP2 gene polymorphisms have been collec-
tively studied in malnutrition inflammation syndrome in
ESRD in spite of the fact that they fall in the appetite-
energy regulatory pathway.
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In the present study, we investigated the genetic aspect
of nutritional markers Ileptin (-2548 G/A-dbSNPID
1s7799039), ghrelin (Leu72Met-dbSNP ID rs696217-406
C/A, Arg51GIn-dbSNP ID rs34911341-346 G/A) and
UCP2 45bp I/D in exon 8 and their association with
malnutrition. The functional aspect of leptin and ghrelin is
investigated by measuring their levels in the serum.

Materials and methods
Study participants

Two hundred and fifty-seven ESRD patients on mainte-
nance hemodialysis were prospectively registered from
December 2008-2011 in this study. These patients were
under regular follow-up in the dialysis unit at Sanjay
Gandhi Post Graduate Institute of Medical Sciences, Luc-
know. The study was approved by the Ethical committee of
SGPGIMS, Lucknow, India. The patients with any active
viral infection were excluded from the study. Two hundred
age, gender and ethnically matched healthy controls were
included. Written informed consent was obtained from all
the participants included in the study. Since our study
comprised of more than 70 % male patients, care was taken
to include more male controls to eliminate gender bias. The
male—female ratio in patients and controls was 77.4:21.8
(199/56) and 74.5:24.5 (149/51), respectively. They were
selected randomly from the hospital staff after evaluating
their biochemical parameters. Both the patients and con-
trols belonged to the state of Uttar Pradesh.

Nutritional assessment

Nutritional assessment was done using SGA scores
(CANUSA 1996; Blumenkrantz et al. 1980). SGA scoring
was done on the basis of weight change in last 6 months,
dietary intake (solid, semi-solid, liquid, starvation), gas-
trointestinal symptoms (nausea, anorexia, vomit, diarrhea),
functional impairment, physical examination (loss of sub-
cutaneous fat, muscle wasting and edema). Resting meta-
bolic rate of patients was assessed using bioimpedance
analysis in resting state. The patients were asked to rate
their appetite for past 1 week as good, average or poor
(Bossola et al. 2009) for appetite assessment.

Biochemical profiling

Measurement of serum biochemical and lipid profiles was
done using blood samples for in the morning after fasting
of 8 h. These included renal function test, S. Albumin, S.
Protein, urinary protein level, liver function test, lipid
profile, iron profile, CRP and PTH.
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Enzyme-linked immunosorbent assay

Levels were quantified using commercially available kit for
leptin (Ray Biotech, Inc., Norcross GA) and acyl ghrelin
(SPI BIO, Bertin Pharma Biotech, Montigny le Bretonneau,
France). To prevent proteolysis, 200 KIU of aprotinin was
added per ml of blood sample. Serum was isolated for leptin
and plasma for measurement of acyl ghrelin. These aliquots
were kept at —80 °C until use. The assay was performed in
duplicates independently for each sample according to the
manufacturer’s instructions. The result was expressed as
nanograms per milliliter (ng/ml) for leptin and picograms
per milliliter (pg/ml) for ghrelin, based on the standard
provided with the kits. Based on SGA scoring, 25 patients
with normal nutritional status, 20 mild, 25 moderate and 20
severe malnourished patients were included. These levels
were compared with 30 healthy controls.

Genotyping

Three milliliter of peripheral blood was collected in EDTA
vials, and genomic DNA was extracted using commercial
kit (Qiagen). The polymorphisms assessed in the present
study were leptin-2548 G/A (dbSNP ID rs7799039),
ghrelin Leu72Met (dbSNP ID rs696217-408 C/A), ghrelin
Arg51GIn (dbSNP ID rs34911341-346 G/A) in exon 2 and
UCP2 45 bp I/D in exon 8. The detailed genotyping pro-
tocol is shown in Table S1. Thirty percent of samples were
arbitrarily selected to be genotyped second time to ensure
reproducibility. Genotyping of all subjects was performed
blinded to clinical status.

In silico analysis

Potential functional impact of non-synonymous SNPs was
identified using PolyPhen-2, SIFT, I-Mutant, Prop v.1.0 b
propeptide cleavage site prediction and PopMusic. The
docking analysis was performed for Arg51Gln mutation as
this particular amino acid lies in the mature ghrelin protein.
Molecular modeling of wild and mutant ghrelin was carried
out using easy modeler (Sali et al. 1995). These were then
octanoylated using AutoDock. Molecular modeling of
ghrelin receptor was done using Galaxy TBM. Template
used by Galaxy TBM server for modeling was 2ks9_A,
1ul9_A and 2z73_A. Docking of octanoylated ghrelin over
the ghrelin receptor was done using Hex software. The
UCP2 1/D polymorphism is a potential site for miRNA
binding which was assessed using Target Scan 6.

Statistical analysis

Sample size was calculated using Quanto (Ver. 1.1.) so as
to achieve 80 % power of study. The biochemical data was

compared by independent samples ¢ test and ANOVA. The
values are expressed as mean = SD. Alleles and genotypic
frequencies for were calculated by using gene counting
method. Comparison of the categorical data, i.e., different
leptin, ghrelin and UCP2 genotypes, among controls and
patients was done by logistic regression analysis to calcu-
late odds ratios (OR) and their 95 % confidence intervals
(CI). P value of <0.05 was taken as a significant difference.
Bonferroni correction was applied wherever applicable. All
the statistical analysis was done by using SPSS 15.0 ver-
sion and Graphpad Prism (version.5). Allele frequencies of
both patients and controls were tested for Hardy—Weinberg
equilibrium. Haplotypes were constructed using SNPStats
(http://bioinfo.iconcologia.net/snpstats). Kaplan—-Meier sur-
vival analysis and log rank test were used to assess clinical
outcome, that is, overall survival (OS) in relation to genotypes
studied.

Results
Study participants and demographics

The mean age was 39.3 &+ 12.6 in patients and
38.8 £ 13.17 in controls. The BMI in our patients was in
normal range but lower than normal healthy controls. On
comparing patients and controls, almost all the bio-
chemical parameters were significantly different between
both the groups (Table S2). The period of dialysis in our
patients was 2 to 36 months. Forty-eight percent of
patients had elevated CRP levels. On the basis of SGA,
the patients were classified into 4 sub-groups—normal
(n = 78), mild (n = 38), moderate (n = 100) and severe
(n = 41). The patients falling in the severe SGA group
had significantly less BMI, while in this group of
patients, the period on dialysis, systolic blood pressure
and ESR were significantly increased (Table S3). More
than 60 % patients reported poor appetite in severe
malnutrition.

Patients were sub-grouped into inflamed and non-
inflamed sets on the basis of CRP levels as they are pre-
dictor of acute phase response (Pearson et al. 2003)
Inflamed group constituted patients who had CRP greater
than 1 mg/dl (n = 156), and non-inflamed group were the
patients who had CRP was less than 1 mg/dl (n = 101). At
biochemical level, there was no significant difference
between both the groups. Since the range of period of
dialysis of patients was broad, the patients were sub-
grouped into two groups as period of dialysis <1 year
(n = 170, 66.1 %) and period of dialysis >1 year (n = 87,
33.9 %). The patients whose period of dialysis >1 year had
decreased weight (P = 0.01) and increased serum levels of
albumin (P = 0.003, Table S4).
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Genotype distribution in patients and controls

Leptin-2548 AA genotype was associated with higher
susceptibility to the disease (OR = 2.0, 95 % CI 1.2-3.3,
P = 0.007). Further, ID genotype of UCP2 showed pro-
tective effect (OR = 0.5, 95 % CI 0.3-0.8, P = 0.003).
Ghrelin 364-AA (GIn51GlIn) genotype was associated with

higher susceptibility (OR = 3.41, 95 %

Table 1 Distribution of
genotypes between patients and
controls

Logistic regression analysis was
used for comparing the
genotypes
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P = 0.02). The allele frequency of G and A was 78.4 %
and 21.6 % patients and 84.3 and 15.7 % in controls which
showed significant difference between both the groups
(OR = 1.6,95 % CI 1.1-2.1, P = 0.02). Ghrelin 408-AA
(Met72Met) showed higher susceptibility to the disease
(OR =25, 95% CI 1.2-54, P =0.02) as shown in
Table 1. None of the ghrelin haplotypes were significant
among cases or controls (Table S5).

Marker Genotype Patient Control OR (95 % CI) P value
UCP2 1/D

DD 149 (57.6 %) 94 (47.0 %) Reference

1D 70 (27.6 %) 82 (41.0 %) 0.5 (0.3-0.8) 0.003*

I 38 (14.8 %) 24 (12.0 %) 1.3 (0.7-2.2) 0.4

D 368 (71.6 %) 270 (67.5 %) Reference

I 146 (28.4 %) 130 (32.5 %) 1.2 (0.9-1.6) 0.2
Dominant model

DD versus Il + ID 1.2 (0.8-1.7) 0.2
Recessive model

II versus ID + DD 0.7 (0.45-1.3) 0.4
Leptin-2548 G/A

GG 90 (35.0 %) 82 (41.0 %) Reference

GA 99 (38.5 %) 92 (46.0 %) 1.2 (0.8-1.9) 0.39

AA 68 (26.5 %) 26 (13.0 %) 2.0 (1.2-3.3) 0.007*

G 279 (54.3 %) 256 (64.0 %) Reference

A 235 (45.7 %) 144 (36.0 %) 1.5 (1.1-1.9) 0.003*
Dominant model

GG versus GA + AA 0.27 (0.1-0.4) 0.001*
Recessive model

AA vs. GG + GA 1.8 (1.1-2.9) 0.012%*
Ghrelin Arg51GlIn

GG 164 (63.8 %) 142 (71.0 %) Reference

GA 75 (29.2 %) 53 (26.5 %) 1.2 (0.8-1.8) 0.33

AA 18 (7.0 %) 5.5 %) 34 (1.2-7.5) 0.02*

G 403 (78.4 %) 337 (84.3 %) Reference

A 111 (21.6 %) 63 (15.7 %) 1.6 (1.1-2.1) 0.02*
Dominant model

GG versus GA + AA 0.7 (0.4-1.0) 0.1
Recessive model

AA versus GG + GA 2.9 (1.0-8.0) 0.003*
Ghrelin Leu72Met

CC 178 (69.3 %) 141 (70.5 %) Reference

CA 51 (19.8 %) 50 (25.0 %) 0.8 (0.5-1.3) 0.2

AA 28 (10.9 %) 9 (4.5 %) 2.5 (1.2-5.4) 0.02*

C 407 (79.2 %) 332 (83.0 %) Reference

A 107 (20.8 %) 68 (17.0 %) 1.3 (0.9-1.8) 0.15
Dominant model

CC versus CA + AA 1.07 (0.7-1.6) 0.75
Recessive model

AA versus CC + CA 2.58 (1.2-5.6) 0.01*
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Genotype distribution in SGA categories

The 408-CA genotype of ghrelin Leu72Met was associated
with higher susceptibility to malnutrition in mild
(OR =2.6,95 % CI 1.1-6.9, P = 0.04) and severe SGA
groups (OR = 3.8, 95 % CI 1.5-7.6, P = 0.005). The
408A allele was significantly associated with severe SGA
group (OR =33, 95 % CI 1.7-6.5, P = 0.0004). Fur-
thermore, the ghrelin 346-AA (Arg51Arg) genotype was
associated with higher susceptibility to malnutrition in
severe SGA group (OR =33, 95 % CI 1.3-74,
P = 0.04). This difference was significant at the allelic
level (OR = 2.1, 95 % CI 1.1-3.6, P = 0.02) as shown in
Table 2.

Genotype distribution in CRP categories
The ghrelin 346-GA (Arg51Gln) genotype was associated

with higher susceptibility to inflammation (OR = 1.8,
95 % CI 1.1-3.1, P = 0.03, Table S6).

Genotype distribution in dialysis categories

None of the genotypes showed any significant risk asso-
ciation with period of dialysis (Table S7).

Serum level of leptin and acyl ghrelin

The levels of leptin (P = 0.003) and acyl ghrelin (P = 0.001)
were significantly higher in the patients as compared to con-
trol. On comparing the levels between inflamed and non-
inflamed groups, no significant difference was observed. On
comparing the SGA groups, the acyl ghrelin levels were sig-
nificantly lower in the severe category of SGA (P = 0.02).
The levels of leptin were higher in normal and mild groups;
however, the difference was not significant (Fig. 1a, b). The
patients with good appetite had higher levels of acyl ghrelin
(50.1 £ 6.3 pg/ml) followed by average (48.5 &+ 4.3 pg/ml)
and poor appetite group (43.4 £ 13.0 pg/ml, P = 0.06) but
could not achieve significance. The levels of leptin and acyl
ghrelin were almost similar and non-significant on comparing
the dialysis categories.

Table 2 Comparison of genotype among patients on the basis of SGA scores

Genotype Normal Mild Moderate Severe Normal versus mild Normal versus moderate Normal versus severe
OR (95 % CI), P OR (95 % CI), P OR (95 % CI), P

UCP2 I/D

DD 47 (60.2 %) 22 (58.0 %) 56 (56.0 %) 24 (58.5 %) Reference Reference Reference

ID 22 (282 %) 8 (21.0%) 3131.0%) 9 (22.0%) 0.7 (0.2-2.0), 0.6 1.1 (0.6-2.3), 0.6 0.8 (0.3-2.0), 0.6

I 9(115%) 821.0%) 13(13.0%) 8(19.5%) 1.9 (0.6-5.5),0.2 1.2 (0.4-3.08), 0.7 1.7 (0.5-5.0), 0.3

D 116 (74.3 %) 52 (68.4 %) 143 (71.5 %) 57 (69.5 %) Reference Reference Reference

I 40 (25.7 %) 24 (31.6 %) 57 (28.5 %) 25 (30.5 %) 1.2 (0.7-2.3), 0.4 1.1 (0.69-1.79), 0.7 1.2 (0.68-2.2), 0.5

Leptin-2548 G/A

GG 26 (333 %) 11 (289 %) 38 (38.0 %) 15 (36.5 %) Reference Reference Reference

GA 31 (39.7 %) 16 (42.1 %) 37 (37.0 %) 15 (36.5 %) 0.9 (0.4-1.9), 0.8 1.1 (0.6-2.0), 0.7 0.8 (0.4-1.9), 0.8

AA 21 269 %) 11 (289 %) 25 (25.0 %) 11 (26.8 %) 0.9 (0.3-2.1), 0.8 1.1 (0.5-2.1), 0.8 1.0 (0.4-2.3), 1.0

G 83 (53.4 %) 38 (50.0 %) 113 (56.5 %) 45 (54.8 %) Reference Reference Reference

A 73 (46.7 %) 38 (50.0 %) 87 (43.5 %) 37 (452 %) 1.1 (0.6-1.9), 0.6 0.8 (0.5-1.3), 0.6 0.9 (0.5-1.5), 0.8

Ghrelin Arg51Gln

GG 50 (64.1 %) 22 (579 %) 73 (73.0 %) 19 (46.3 %) Reference Reference Reference

GA 24 (30.8 %) 13 (342 %) 23 (23.0 %) 15 (36.6 %) 1.2 (0.5-2.6), 0.8 0.7 (0.3-1.3), 0.3 1.3 (0.5-2.8), 0.5

AA 4 (5.1 %) 3 (7.8 %) 4 (4.0 %) 7 (7.1 %) 1.6 (0.3-7.4), 0.6 0.8 (0.2-3.2), 0.7 3.3 (1.2-13.8), 0.04

G 124 (79.5 %) 57 (75.0 %) 169 (84.5 %) 53 (64.3 %) Reference Reference Reference

A 32 (29.5 %) 19 (25.0 %) 31 (155 %) 29 (357 %) 1.3 (0.7-2.4), 0.5 0.6 (0.3-1), 0.1 2.1 (1.1-3.8), 0.02*

Ghrelin Leu72Met

CC 63 (80.8 %) 22 (65.8 %) 72 (72.0 %) 21 (51.2 %) Reference Reference Reference

CA 11 (14.1 %) 10 (263 %) 16 (16.0 %) 14 (34.1 %) 2.6 (1.1-6.9), 0.04* 1.2 (0.5-2.9), 0.5 3.8 (1.5-7.6), 0.005*

AA 4 (5.1 %) 6 (7.9 %) 12 (120 %) 6 (147 %) 4.2 (1.1-16), 0.03 2.6 (0.8-8.5), 0.1 4.5 (1.1-10.5), 0.03

C 137 (87.8 %) 54 (79.0 %) 160 (80.0 %) 56 (68.3 %) Reference Reference Reference

A 19 (12.2 %) 22 (21.0 %) 40 (20.0 %) 26 (31.7 %) 1.9 (0.9-3.9),0.08 1.8 (0.9-3.25), 0.06 3.3 (1.7-6.5), 0.004*

* P < 0.05 significant, values in parenthesis are % frequencies, normal SGA category was taken as reference for comparison with other SGA

categories by logistic regression
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Fig. 1 a Serum leptin level in different groups and genotypes, b Plasma ghrelin level in different groups and genotypes (Leu72Met and

Arg51Gln, respectively)

The resting metabolic rate was higher in II (1,513.8 £
181.2) as compared to DD and ID (1,404.6 £ 158.0 and
1,375.4 &+ 196.4, respectively, P value = 0.09). No signif-
icant differences in RMR (1,419.9 + 265.2 vs. 1,399.2 +
177.7, P = 0.65) were observed in dialysis categories.

Phenotype assignment—Ieptin-2549 A, ghrelin 51Gln
(A), ghrelin 72Met (A), was coded low producer alleles,
UCP2 1 allele was associated with high Resting metabolic
rate.

Combined analysis

A combined analysis was carried out by coding genotypes as
low producer alleles of leptin (-2548-A) and ghrelin (51Gln-

Table 3 Combined analysis of various groups

346-A, 72Met-408-A) and high resting metabolic rate UCP2
(D). The presence of 0-2 allele was grouped as group 1, and 3—4
alleles were coded in group 2. The combined effect model
revealed a higher susceptibility in high-risk group 2 on com-
paring patients and controls (OR = 1.5, 95 % CI 1.1-2.1,
P = 0.04). On comparing the normal SGA groups with other
SGA groups (Mild + Moderate + Severe), higher suscepti-
bility to malnutrition was associated with malnourished group
(OR = 2.0,95 % CI 1.2-3.5, P = 0.01, Table 3).

Survival analysis

The mean survival of the patients was 19.6 &= 10.5 months.
All the patients were followed for 3 years. On comparing

Group Patient Control OR (95 % CI) P value
Group 1* 107 (41.6) 102 (51.0) Reference

Group 2° 150 (58.3) 98 (49.0) 1.5 (1.1-2.1) 0.04*
Group Normal Malnourished OR (95 % CI) P value
Group 1* 42 (53.8) 65 (36.3) Reference

Group 2° 36 (46.1) 114 (63.7) 2.0 (1.2-3.5) 0.01*
Group Inflamed Non-inflamed OR (95 % CI) P value
Group 1* 46 (45.5) 61 (39.1) Reference

Group 2° 55 (54.5) 95 (60.9) 1.3 (0.7-2.1) 0.3
Group Period < 1 year Period > 1 year OR (95 % CI) P value
Group 1* 69 (40.5) 38 (43.6) Reference

Group 2° 101 (59.5) 49 (56.4) 1.1 (0.6-1.9) 0.68

Period is categories of period of dialysis in patients. Logistic regression analysis was used to compare groups

* P < 0.05 significant, values in parenthesis are percent frequencies

* Group 1 = 0-2 alleles of low producer of ghrelin and leptin and high energy expenditure of UCP2 (I)

" Group 2 = 34 alleles of low producer of ghrelin and leptin and high energy expenditure of UCP2 (I)

@ Springer
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Table 4 Kaplan—Meier survival estimation of mean survival and hazard ratios (HRs) among different genotypes

Genotype N Number of events Mean survival (in months) Log rank P value HR (95 % CI) P value
Ghrelin Arg51Gln

GG 164 (63.8) 37 (67.3) 372+ 14 0.691 Reference

GA 75 (29.2) 15 (27.3) 36.1 £ 1.7 0.8 (0.4-1.5) 0.557
AA 18 (7.0) 354 36.5 + 2.8 0.6 (02-2.1) 0.489
Ghrelin Leu72Met

CC 178 (69.3) 38 (69.1) 379+ 1.3 0.061 Reference

CA 51 (19.8) 7 (12.7) 36.6 £ 1.6 0.6 (0.2-1.3) 0.208
AA 28 (10.9) 10 (18.2) 29.7 £33 1.8 (0.8-3.6) 0.09
UCP2 1/D

DD 149 (57.6) 28 (50.9) 352+ 12 0.345 Reference

ID 70 (27.6) 19 (34.5) 355 +22 1.5 (0.8-2.7) 0.151
1T 38 (14.8) 8 (14.5) 28.7 + 1.95 1.2 (0.5-2.6) 0.651
Leptin-2548 G/A

GG 90 (35.0) 22 (40.0) 325+ 1.6 0.582 Reference

GA 99 (38.5) 19 (34.5) 389 + 1.6 0.7 (0.4-1.4) 0.338
AA 68 (26.5) 14 (25.5) 352+ 1.7 0.7 (0.3-1.5) 0.456
Combined analysis

Group 1 107 (41.6) 26 (47.3) 325+ 13 0.79 Reference

Group 2 150 (58.3) 29 (52.7) 383+ 14 0.93 (0.5-1.5) 0.792
CRP category

Non-inflamed 156 (60.7) 30 (54.5) 359+ 1.3 0.561 Reference 0.565
Inflamed 101 (39.3) 25 (45.5) 376 £ 1.5 1.1 (0.6-1.9)

SGA categories

Normal 78 (30.4) 9 (16.4) 38.0+ 1.2 0.004* Reference

Mild 38 (14.8) 7 (12.7) 352+23 1.8 (0.6-4.8) 0.243
Moderate 100 (38.9) 24 (43.6) 371+ 1.7 2.2 (1.1-4.8) 0.03*
Severe 41 (15.9) 15 (27.3) 235+23 4.1 (1.8-9.4) 0.001*
Period of dialysis

<1 year 170 (66.1) 38 (69.1) 363+ 1.5 0.618 Reference

>1 year 87 (33.9) 16 (29.9) 345+ 1.8 0.8 (0.6-1.2) 0.438

* P < 0.05 significant, values in parenthesis are percent frequencies, Kaplan—-Meier survival analysis, and Cox regression was used for hazard

estimation

the SGA groups, the moderate (HR = 2.2, 95 % CI
1.1-4.8, P = 0.03) and severe groups (HR = 4.1, 95 % CI
1.8-9.4, P = 0.001) were significantly associated with
higher death hazard (Table 4).

In silico analysis

We performed molecular modeling and in silico docking
analysis to explore the significance of Arg51Gln on structure
and function of ghrelin protein. The wild-type ghrelin has
Arg at 51st position which was mutated to Gln to construct
the mutant version. Both of them were then octanoylated at
3rd serine residue using AutoDock. The mutant version had a
little higher energy (—0.08) as compared to the wild version
(—0.1). Furthermore, the octanoylated version was then

docked on the ghrelin receptor (Fig. 2a, b). The Hex Score
for the mutant ghrelin (—345.95) was higher as compared to
wild-type version (—371.62).

Polyphen predicted both Leu72Met and Arg51GIn as
probably damaging which signifies deleterious effect. SIFT
analysis reveals that Arg51GIn mutation is not tolerated,
i.e., deleterious while Leu72Met was predicted to be tol-
erated, i.e., it has no significant effect of mutation.
I-Mutant showed that both the SNPs affect the stability of
the protein, however, Popmusic showed that only
Arg51GIn is associated with decreased stability. Prop v.1.0
inferred that the cleavage site at position 51 is no longer
recognized by the enzyme due to mutation while Leu72Met
mutation has no effect on peptide cleavage as it is not the
part of cleavage site and lies outside the cleavage site. The
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Fig. 2 a Hex generated GH- A
receptor-ghrelin complex for

wild type, b Hex generated GH-
receptor-ghrelin complex for

mutant type

Octanoyl-Ser3

T

Ghrelin

Target scan predicted binding of following miRNA-hsa-
miR-3619-5p, hsa-miR-761, hsa-miR-214 and hsa-miR-
761-may bind to the insertion allele at the 3'UTR of exon 8
of UCP2.

Discussion

In this study, we have investigated the association and
interaction of SNP of leptin, ghrelin and UCP2 in 257
patients and 200 controls. Our results revealed low pro-
ducer genotypes of leptin-2548 AA and ghrelin Met72Met
and GIn51GIn were associated with higher disease sus-
ceptibility. The UCP2 ID genotype showed protective
effect against the disease. Ghrelin 72Met and GIn51 allele
was associated with 2.1- and 3.3-fold higher susceptibility
to severe malnutrition, respectively. In silico analysis
revealed that insertion allele of UCP2 may be potent
miRNA binding site, and thus, it affects the transcription
stability of UCP2 mRNA. Ghrelin GIn51GIn mutation is
associated with higher binding energy to its receptor which
signifies that mutation had induced conformational change
in the ghrelin protein and thus affects its binding affinity
with its receptor. The combined analysis revealed that the
group 2 was associated with 1.5-fold higher risk of disease
and twofold higher risk of malnutrition in patients.

Leptin inhibits food intake and stimulates energy
expenditure and thus reported to be associated with appetite
control in rodents and healthy subjects (Auwerx and Staels
1998; Jequier and Tappy 1999). It acts on peripheral tissue
and stimulates the inflammatory markers like IL6, TNF-a
and IL-12. The levels of leptin are elevated in uremia as
compared to normal healthy controls (Atamer et al. 2008)
which is in agreement with our results. The increase in the
serum level of leptin might be due to decreased renal
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clearance. Leptin decreases hypothalamic NPY levels and
enhances sympathetic activity with hyperinsulinemia,
resulting in appetite suppression. Further, the levels of
leptin are also associated with markers of poor nutritional
status like low serum albumin and hypercatabolism as well
as with decrease in GFR (Cheung et al. 2010). In our study,
the levels of leptin were lower in severe and moderate SGA
groups which are in agreement with previous findings
(Scholze et al. 2007). The decreased serum levels of leptin
in severe SGA group might be associated with acquired
leptin receptor resistance. There are reports which reveal
that low serum levels of leptin are also independent pre-
dictors of mortality (Scholze et al. 2007) while another
study shows that serum leptin is associated with CVD but
not with mortality. We observed that leptin-2548-AA
genotype was associated with twofold higher risk of disease
susceptibility which is in concordance with previous studies
where the SNPs located in the leptin gene is associated with
disease susceptibility (Okpechi et al. 2010). However, none
of the leptin genotype showed any association with mal-
nutrition and the levels of leptin. The leptin-2548 site does
not map to any recognized regulatory site, but is proximal to
a Sp1 binding motif which is regulated by Sp1 in an insulin-
dependent fashion in MDA-MB- 231 cells (Bartella et al.
2008). Since ESRD is associated with hyperinsulinemia and
insulin resistance (Atamer et al. 2008), this deregulation
might be the cause of lack of association of the leptin-2548
G/A genotype in this regard.

Uncoupling protein 2 (UCP2) is an inner mitochondrial
protein implicated in uncoupling and thermogenesis thus
leading to generation of heat and resting energy expendi-
ture. Various cytokines like TNF-o and leptin are associ-
ated with increase in mRNA expression of UCP2 thus
contributing to thermogenesis. The ID gene polymorphism
located in exon 8 of 3'UTR of UCP2 gene have been
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previously reported to be associated with energy expendi-
ture (Walder et al. 1998), increased BMI (Cassell et al.
1999), and accumulation of fat tissue (Pedersen et al.
2005). In our study UCP2 ID showed protective effect.
There are studies on ESRD patients where the D/D geno-
type is shown to be associated with acquired fat tissue in
peritoneal dialysis patients (Nordfors et al. 2000). Another
study on PD and MHD showed that DD and ID are asso-
ciated with increased total and truncal fat mass in these
patients (Wang et al. 2007) which is a protective trait as
higher amount of fat signifies more energy stores in these
patients. In a recent study, the UCP2 1/D genotypes were
compared on the basis of resting energy expenditure in
non-dialyzed patients and found no association which is in
concordance with our study (Avesani et al. 2008). It has
been previously reported that UCP2 ID at 3'UTR is asso-
ciated with mRNA stability, so to confirm this finding, we
carried out in silico analysis where it was observed that
miRNA binding may cause down-regulation of this mito-
chondrial channel protein by affecting mRNA stability.
There are other regulatory mechanisms that contribute to
the overall expression like reactive oxygen species, fatty
acids, hyperglycemia and hyperlipidemia along with tran-
scriptional and translational regulation. It has also been
reported that UCP2 mRNA is not necessarily associated
with the amount of UCP2 protein in varying conditions
(Pecqueur et al. 2001). Present study demonstrates that the
ID genotype was protective as it is associated with inter-
mediate resting energy expenditure in our patients but not
with malnutrition.

Ghrelin is an appetite stimulating hormone. Increased
total ghrelin has been reported to be associated with
cachexia in chronic heart failure patients (Nagaya et al.
2001). Increased total ghrelin levels are also reported in
dialysis patients (Perez-Fontan et al. 2004). There are two
major forms of ghrelin—acylated and des-acylated. Acyl-
ated version is responsible for the appetite stimulating
properties of ghrelin (Wren et al. 2001), down-regulates
cytokines (Wu et al. 2007) and improves lean body mass
(Deboer et al. 2008) whereas the des-acylated ghrelin
induces negative energy balance and could be involved in
anorexia (Yoshimoto et al. 2002). In our study, the acyl
ghrelin levels were increased in patients as compared to
control which is in concordance with other studies (Oner-
Iyidogan et al. 2011). Further, the levels of acyl ghrelin
were lowest in the severe SGA category of malnutrition
and in patients with poor appetite. It has been reported that
low acyl ghrelin is associated with poor nutritional status,
loss of appetite (Oner-lyidogan et al. 2011) and CVD
(Chou et al. 2010).

The variants of ghrelin gene have not been extensively
investigated in ESRD; however, it is largely studied in
concern with diabetes and obesity. In our study, carriers of

Met72Met and GIn51Gln showed 3.4- and 2.4-fold higher
susceptibility to ESRD. Furthermore, the 72Met and
51GIn allele carriers were also associated with 2.1- and
3.3-fold higher susceptibility to severe malnutrition. The
51 Gln allele is reported to be associated with increased
risk for type 2 diabetes and hypertension (Poykko et al.
2003). Leu72Met polymorphism was also found to be
associated with serum creatinine and Lipoprotein(a) levels
in diabetic patients (Ukkola and Kesaniemi 2003). It has
been reported that the Arg51Gln was associated with low
total plasma ghrelin levels (Steinle et al. 2005). In our
study, the Met72Met and GIn51Gln carrier status was
associated with lower acyl ghrelin secretion which also
emphasizes the role of ghrelin genotypes in lower ghrelin
production and malnutrition in these patients. Further
Arg51GIn showed higher risk of inflammation in patients.
The in silico analysis of Arg51GIn showed that the
docking of mutated protein to its receptor was associated
with higher binding energy in contrast to the wild-type
protein which was associated with lower energy and
higher stability binding to its receptor which suggests that
mutation induces conformational change in the mature
ghrelin molecule and thus affect the binding affinity with
its receptor which in turn affect the function of the
receptor as well as ghrelin. Combined analysis revealed
twofold higher susceptibility to malnutrition. Moderate
and severe SGA group revealed 2.0- and 4.0-fold higher
death hazard in the patients.

In conclusion, ghrelin 72Met and 51Gln are major
alleles and are not only associated with disease suscepti-
bility but also with malnutrition. Arg51GIn showed higher
risk of inflammation in patients. Insilco analysis revealed
that mutated allele is associated with higher binding energy
to the ghrelin receptor. The levels of acyl ghrelin were
lowest in the severe group of malnutrition. Leptin levels
were increased in the normal and mild category of SGA
showing protective effect of higher leptin levels in mal-
nutrition. Further studies on appetite and energy homeo-
stasis regulating markers are required for establishing their
role in malnutrition. The demographic and biochemical
factors in patients whose period of dialysis was >1 year
showed marginally improved serum albumin and decreased
weight which might be due to achievement of dry weight in
these patients. This shows the relevance of genetic back-
ground as revealed by the combined effect model of
genotypes where group 2 (alleles associated with low
leptin, high ghrelin and low RMR) showed significant
association with disease susceptibility and poor nutritional
status. The limitation of our study is we were not able to
quantify des-acyl ghrelin levels as it may have a potential
role in inducing anorexia in our patients. Our results are
convincing as we have taken care of sample size, ethnicity,
followed stringent conditions for the selection and
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classification of patients on the basis of SGA and we have
considered only those P values and CI which reveal
significance.
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