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ABSTRACT
Background: The prevalence of protein energy wasting (PEW)/ cachexia is very high among patients with chronic kidney dis-
ease (PEW), increasing in severity with the progression of the disease. Among other factors, increased serum Leptin levels and 
insulin resistance have been implicated in the pathogenesis of PEW/cachexia in CKD 
Aim and objectives: To assess the serum leptin & insulin levels along with HOMA IR (Homeostasis model assessment-Insulin 
Resistance) in non diabetic chronic kidney disease patients and to study the correlation of  these parameters with glomerular 
filtration rate (GFR) & body mass index (BMI). 
Materials and methods: Non-diabetic CKD patients (group1; n=45) and healthy non-diabetic individuals (group 2; n=45) with 
normal renal function were recruited for the study. Serum leptin and Insulin levels were assessed using ELISA kits. Calculated 
values of HOMA IR & BMI were taken for the analyses. 
Statistical analysis: The statistical analysis was done using SPSS version 16. The parameters were compared among the 2 
groups using Independent t test and correlation coefficient.
Results: Serum Leptin levels (24.15 ± 17.44 ng/ml) were increased significantly (p=.000) in group 1 patients compared to those 
in group 2 (7.50 ± 1.28 ng/ml). Serum insulin levels (p=.000) were increased in CKD patients (15.49 ± 9.39 µU/ml) from that of 
the healthy controls (7.50 ± 1.28µU/ml). The HOMA IR was also significantly high (p=0.000) in the CKD group ( 3.69 ±  2.26) 
than the controls (1.69 ± 0.35). Leptin, insulin & HOMA IR showed a highly significant negative correlation with GFR & BMI .The 
serum albumin and total cholesterol in the CKD group were 3.20 ±  0.19 g/dl & 127.47 ± 31.75 mg/dl respectively.
Conclusion: Hyperleptinemia and insulin resistance may be responsible for  protein energy wasting/cachexia  associated with 
CKD.
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INTRODUCTION

Protein energy wasting (PEW)/ cachexia is highly preva-
lent among patients with chronic kidney disease(CKD). 
PEW is a devastating complication of CKD, as it increases 
the incidence of cardiovascular outcomes as well as the 
morbidity & mortality  associated with CKD, making it a 
major clinical problem.

The International Society of Renal Nutrition and Metabo-
lism (ISRNM) panel has described  PEW as a state of 
decreased body stores of protein and energy fuels (body 
protein and fat masses). It describes a progressive loss 
of adipose tissue and lean body mass, with cachexia  

constituting the severe form of protein energy wasting 
(PEW) [1].The PEW/cachexia syndrome in CKD patients 
consists of anorexia, increased energy expenditure, de-
creased protein stores characterized by low serum albu-
min, loss of body weight and loss of muscle mass. 

The etiology of PEW in  chronic kidney disease (CKD) is 
complex and includes inflammation, metabolic acidosis, 
insulin resistance, increase in serum leptin [2], transient 
catabolic illnesses, hyperparathyroidism and so many 
other conditions. CKD is associated with insulin resist-
ance even from an early stage, when the GFR is normal 
[3]. Leptin is an  adipocyte- derived hormone that has 
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an inhibitory effect on food intake while it increases the 
energy expenditure. Elevated levels of serum leptin have 
been reported in CKD patients and has been linked with 
the pathogenesis of PEW/cachexia [4,5].  

Hence we decided to assess the serum leptin & insu-
lin levels along with HOMA- insulin resistance, in non 
diabetic CKD patients, graded to have PEW/ cachexia. 
We have also correlated the levels of these parameters 
with glomerular filtration rate(GFR) and body mass 
index(BMI).  This study is an attempt to highlight the 
role played by leptin and insulin in the pathogenesis of 
PEW in non diabetic CKD and, its relation to the declin-
ing GFR & BMI. 

MATERIALS AND METHODS

Our study has been conducted in patients with chronic 
kidney disease who were non diabetic and not on dialy-
sis, recruited from the department of Nephrology, Gov-
ernment Mohan Kumaramangalam Medical College Hos-
pital, Salem.  Friends, family members and colleagues 
of the patients constituted the control group. Written 
consent was obtained from all the subjects, after clearly 
explaining to them about our study protocol. This study 
was approved by the ethical committee of Govt Mohan 
Kumaramangalam Medical College Hospital.  

Group 1 comprised of 45 non diabetic patients with 
Chronic Kidney Disease (CKD), diagnosed and staged, 
based on NKF K/DOQI guidelines [6]. Group 2 compris-
ing of 45 healthy adults with normal renal function (GFR 
> 90 ml/min), formed the control group. The study 
group 1 included  CKD patients, not on hemodialysis/ 
peritoneal dialysis.  Patients with history of diabetes, 
metabolic syndrome, endocrine disorders, obesity, preg-
nancy, malignancy or any other terminal illness were ex-
cluded from the study.

The control group 2 included healthy individuals, with 
normal renal function. Subjects with diabetes, hyperten-
sion, renal disease, chronic infections, pregnancy, sys-
temic illness, endocrine disorders,  malignancy or neu-
ropsychiatric illness were excluded from the study. All 
subjects in both the control and study group were age 
and sex matched.

Laboratory analysis:
After an overnight fast of at least 8 hrs, fasting blood 
samples were collected from both the patients and con-
trols. Plasma and serum were separated immediately af-
ter collection, and stored at -20°C , until further analysis.

Complete blood count, urine routine , blood glucose, urea, 
creatinine, albumin & Total Cholesterol  were estimated us-

ing the semi autoanalyzer- Microlab 300. These biochemical 
analyses were done, in the clinical Biochemistry Laboratory, 
VMKV Medical College, Salem. Serum Leptin was analyzed 
using DRG (sandwich) EIA 2395 ELISA kit [7]. Serum In-
sulin was analyzed using Monobind’s Insulin/ MAPS ELISA 
kit [8]. Homeostasis model assessment-Insulin Resistance 
(HOMA-IR) was calculated using the formula, HOMA-IR = 
fasting serum insulin (µIU/ml)* fasting plasma glucose (mg/
dl)/405 [9].  GFR was calculated using the MDRD (Modifica-
tion of Diet in Renal Disease) formula available online [10].

PROTEIN ENERGY WASTING (PEW)/ CACHEXIA:
We have tried to assess the protein energy wasting (PEW) 
in the CKD patients based on the following criteria, pro-
posed by The International Society of Renal Nutrition 
and Metabolism (ISRNM):

Readily utilizable criteria for the clinical diagnosis of 
protein energy wasting (PEW) in chronic kidney disease 
[11]

1. Serum chemistry
Serum albumin < 3.8 g 100 ml (Bromocresol Green)
Serum prealbumin (transthyretin) < 30 mg 100 ml  (for 
maintenance dialysis   
       patients only; levels may vary according to GFR 
level for patients with CKD         
       stages 2–5)
Serum cholesterol < 100 mg/100 ml

2. Body mass
BMI < 23
Unintentional weight loss over time: 5% over three 
months or 10% over six months
Total body fat percentage < 10%

3. Muscle mass
Muscle wasting:Reduced muscle mass 5% over three 
months/10% over 6 months
Reduced mid-arm muscle circumference area (reduc-
tion > 10% in relation to the Fiftieth percentile of refer-
ence population) Creatinine appearance

4. Dietary intake
Unintentional low DPI < 0.80 gkg−1day−1for at least 
two months* for dialysis patients or < 0.6 g kg−1day 
−1 for patients with CKD stages 2 – 5
Unintentional low dietary energy intake (DEI) < 25 
kcal kg−1day−1for at least 2 months*

Dietary energy intake (DEI), dietary protein intake (DPI), 
nPCR normalized protein catabolic rate, and nPNA normal-
ized protein nitrogen appearance,
* Can be assessed by dietary diaries and interviews, or 
by protein intake by calculation of normalized protein 
equivalent of total nitrogen appearance (nPNA or nPCR), as 
determined by urea kinetic measurements.

Note: At least three out of the four listed categories (and at 
least one test in each of the selected category) must be satis-
fied for the diagnosis of kidney disease–related PEW.
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BMI Weight status

Below 18.5 Underweight

18.5- 24.9 Normal

25- 29.9 Overweight

30 and above Obese 

We have also calculated BMI using the formula: Weight 
in kilograms / (height in meters)2 Kg/m2 [12].The stand-
ard weight status categories associated with BMI ranges 
for adults are

Herewith we have selected 4 parameters to diagnose the 
protein energy wasting (PEW) in CKD patients - serum 
albumin, serum cholesterol, BMI & Dietary Energy In-
take- DEI. Nutritional diaries were provided to the CKD 
patients and they were taught to make entries, which 
will explain their complete dietary regimen through out 
the day. From the entries their dietary energy intake was 
calculated, for further analysis.

Statistical analysis
Statistical analysis was done using the software SPSS version 
16. Data was expressed as mean ± 2SD and differences in 
mean between the 2 groups were analyzed using independ-
ent t test. Bivariate correlations of Leptin, Insulin & insulin 
resistance (IR) with BMI and GFR, were performed using 
Pearson’s correlation. 

RESULTS

The present study was conducted in 45 non diabetic CKD 
patients (group1) not on dialysis and 45 healthy controls 
(group2), with normal renal function. Serum leptin, in-
sulin, albumin and total cholesterol were analyzed in the 
blood samples. HOMA IR and BMI were the calculated 
parameters, taken for the study. The results are displayed 
in Table 1.

Serum Leptin levels (24.15 ± 17.44 ng/ml) were in-
creased significantly (p=.000) in group 1 patients com-
pared to those in group 2 (7.50 ± 1.28 ng/ml). Serum 
insulin levels (p=.000) were increased in CKD patients 
(15.49 ± 9.39 µU/ml) compared to the healthy controls 
(7.50 ± 1.28µU/ml). The HOMA IR was also significant-
ly high (p=0.000), in the CKD group. 

The correlations of serum Leptin, Insulin & HOMA-IR  
with BMI & GFR, were performed  using Pearson’s cor-
relation which is depicted in Table-2. Leptin, Insulin & 
HOMA IR were found to have a highly significant nega-
tive correlation with GFR & BMI . 

Indicators of protein energy wasting/ cachexia: 
Certain biochemical tests were done to assess the sta-
tus of protein energy wasting/ cachexia. Serum albumin 
(3.20 ±  0.19g/dl) was found to be significantly de-
creased (p=.000) in the group 1 patients from that of the 
group2 (4.1 ± 0.30 mg/dl) subjects. Serum cholesterol 
levels (group1: 127.47 ± 31.75mg/dl, group2: 161.16 
± 39 mg/dl) showed a significant decrease in group1 
patients (p=.000). 

The BMI levels were significantly decreased (p=.001) in 
the group1 (21.96 ± 3.46 kg/m2) patients compared to 
those in group 2 (25.50 ± 4.61 kg/m2). We have found 
that the serum albumin levels were below 3.8 g/dl in 
the CKD patients. The serum cholesterol levels though 
were decreased in CKD patients , their levels were not 
below 100mg/dl. The BMI levels were below 23 in the 
CKD patients. All these values are shown in Table 1. The 
dietary energy intake (DEI) of CKD patients was assessed 
from their nutritional dairies. Their mean DEI was found 
to be less than 24 kcal kg−1day−1 . The CKD patients in 
group 1 satisfy three of the four criteria stated by the IS-
RNM [11]. Hence the patients in group 1, can be placed 
under the category of protein energy wasting (PEW)/ ca-
chexia syndrome.

DISCUSSION

We have conducted our study in 45 non diabetic predial-
ysis CKD patients and 45 healthy controls. Serum leptin 
levels have been significantly increased in CKD patients 
(group1) compared to healthy controls (group 2). There 
is negative significant correlation of serum leptin levels 
with BMI & GFR. 

Leptin is a 167 amino acid peptide , an adipocytokine, 
produced abundantly by the adipose tissue and acts as a 
major regulator of food intake and energy homeostasis. 
It circulates as both free and protein- bound form and 
exerts inhibitory effects on food intake while increasing 
energy expenditure [13]. The  leptin receptor belongs 
to class I cytokine receptor superfamily and possesses 
strong homology to the signal transducing subunits of 
the IL-6 receptors [14]. At least five isoforms of recep-
tors (OBRa, OBRb, OBRc, OBRd, and OBRe) are known 
to exist and result from alternate gene splicing. Among 
these most biological effects of leptin are mediated by 
the leptin receptor OBRb, which is primarily present in 
the hypothalamus, where action of leptin is important 
in energy homeostasis. The OBRb receptors are also ex-
pressed in peripheral tissues including heart, skeletal 
muscle , adrenals, kidneys, adipocytes , smooth muscle 
cells, endothelial cells etc . 

An association of increased serum leptin levels with CKD, 
have been emphasized in certain studies, in different 
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populations. [15,16,17].  Leptin is cleared from the cir-
culation by kidney, by glomerular filtration followed by 
metabolic degradation in the renal tubules [17]. In CKD, 
due to reduced GFR, there is increased serum leptin lev-
els. We have also found a negative significant correlation 
between serum leptin levels and GFR , which confirms 
that serum leptin is increased due to declining renal 
function in CKD. In CKD, inflammation is another impor-
tant factor which contributes to hyperleptinemia [13]. 

The increased leptin levels may mediate protein energy 
wasting and cachexia, by regulating food intake and en-
ergy consumption via signalling through the hypotha-
lamic melanocortin system [18]. Pro-opiomelanocortin 
(POMC) is a propeptide precursor that is produced in 
neurons found in the hypothalamic arcuate nucleus [19]. 
POMC neurons are thought to provide tonic inhibition of 
food intake and energy expenditure by production and 
release of α-melanocyte stimulating hormone (α- MSH) 
[4]. α- MSH in turn activates the  hypothalamic type 4 
melanocortin receptor (MC-4R), leading to suppressed 
food intake and increased energy expenditure. 

Leptin is able to activate the POMC neurons in the hy-
pothalamus, triggering the production and release of 
α- MSH, which binds to MC3/MC4 receptors expressed 
on the hypothalamic nuclei, inducing a reduction of ap-
petite and increase in energy consumption [20]. Leptin 
also suppresses the activity of Neuropeptide Y & Agouti- 
related peptide (AGRP), which are endogenous antago-
nists of MC- 4R [21].    

Hence increased serum leptin levels could be an impor-
tant causal factor for protein energy wasting/ cachexia 
seen in CKD patients [4,5].This fact has been tested by 
Wai Cheung et al, who have identified that leptin causes 
MC-4R blockade and that it plays a significant role in 
transducing cachexic signals in CKD [4]. Pecoits- Filho et 
al suggest that free circulating leptin concentrations are 
elevated in patients with end stage renal disease and may 
be associated with inflammation associated cachexia [5].

As we have observed in our study, serum leptin increases 
as the BMI decreases, showing a probable relation be-
tween increasing leptin levels and PEW/ cachexic mani-
festations. Hence leptin may play an important role in 
anorexia/ cachexia syndrome seen in CKD patients.

Some of the causes of protein energy wasting (PEW) in 
CKD patents  are inflammation, metabolic acidosis and 
insulin resistance [21]. Leptin secretion have been found 
to be regulated by insulin, glucocorticoids and catecho-
lamines [22].

In our study we have identified the occurrence of hyper-
insulinemia and increased HOMA-IR, in CKD patients. 
Hyperinsulinemia  may be due to reduced clearance of 
insulin by the kidneys / compensatory to insulin resist-

ance. We have also obtained negative significant correla-
tion between serum insulin levels & HOMA-IR with GFR 
and BMI.

The insulin resistance in CKD, results in uremic myopa-
thy due to increased muscle breakdown. Insulin has an 
anticatabolic effect, by activating protein synthesis and 
inhibiting proteolysis. In insulin resistance, there is de-
creased utilization of glucose as an energy source, by 
the skeletal muscles.CKD attenuated insulin stimulated 
protein synthesis and increased protein degradation in 
skeletal muscle [23].  

Many studies have documented insulin resistance as an 
important complication of CKD, with varied metabolic 
changes [24,25,26]. In CKD, insulin resistance is due to a 
post-receptor signalling defect : reduced activity of PI3K 
(phoshpatidylinositol 3-kinase) in turn causing reduced 
levels of phoshorylated Akt (pAkt).  This dysfunction of 
PI3K signalling pathway is a common initiator of muscle 
protein degradation by enhancing the activity of ubiqui-
tin-proteosome pathway, in muscle [27]. Ubiquitin pro-
teosome proteolytic (Ub-P’some) system  consists of the 
7- KDa protein ubiquitin, E3 ubiquitin ligases (atrogin-1, 
MAFbx & MuRF1) and proteosome (large multi-subunit 
complex found in all mammalian cells). 

Insulin resistance activates the Ub-P’some system 
through suppressing PI3 Kinase pathway & by activat-
ing MEK/ERK pathway [28]. This PI3K signalling defect  
activates FOXO group of transcription factors ,which  in 
turn induces the expression of ubiquitin conjugating en-
zymes  atrogin-1, MAFbx & MuRF1 [29]. Insulin resist-
ance also results in the activation of MEK/ERK pathway, 
causing increased expression of ubiquitin (UbC) . Hence 
the Ubiquitin proteosome proteolytic (Ub-P’some) sys-
tem is activated as shown in figure1.

The suppression of PI3K signalling pathway also results 
in activation of Bax proteins which in turn activates the 
enzyme caspase 3. Caspase 3 plays an initial role in mus-
cle protein degradation, by cleaving actomyosin and 
presenting them to the ATP dependent Ubiquitin proteo-
some proteolytic (Ub-P’some) system which in turn de-
grades the monomeric actin/myosin fragments but not 
the actomyosin complexes [30]. Hence increased insulin 
resistance seen in CKD patients may play an important 
role in muscle protein degradation causing a reduction 
in lean body mass. An important consequence of insulin 
resistance in CKD is the pathogenesis of PEW/ cachexia 
[31]. 

Leptin and insulin-  Role in kidney damage: Serum leptin 
levels and insulin resistance increases in chronic kidney 
disease and both these parameters play an important role 
in the pathogenesis of PEW/ cachexia. Apart from this 
both leptin & insulin are known to activate the sympa-
thetic nervous system, causes impairment of natriuresis 
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and inhibition of nitric oxide synthesis  [32,33]. All these 
factors may contribute to the up regulation of blood pres-
sure and hence worsening of renal function. 

CONCLUSION

The present study shows an increase in serum leptin, 
insulin and HOMA-insulin resistance, showing a strong 
correlation with GFR & BMI. Increased leptin signal-
ling and insulin resistance might significantly contribute 
to the development of protein energy wasting (PEW)/ 
cachexia syndrome in patients with chronic kidney dis-
ease. Understanding the role played by these parameters 
might help in early intervention of the wasting disorder, 
when the skeletal muscle complications might still be re-
versible. The emerging role of therapeutic agents  like 
AGRP (agouti-related peptide- endogenous antagonist of 
MC-4R  receptors) & orexigenic agents/appetite stimu-
lants (neuropeptide Y, Ghrelin) and their appropriate use 
in maintaining the skeletal muscle homeostasis, should 
be further confirmed by well controlled studies. 

Table 1: Mean and standard deviation for the bio-
chemical parameters among  the CKD and control 
groups

PARAMETER GROUP 1
(CKD patients)

GROUP 2
(healthy 
controls)

Unpaired t 
test Sig(2-
tailed)
p-value

Sr.Leptin (ng/ml) 24.15 ± 17.44 6.98 ± 3.73 .000

Sr.Insulin (µU/ml) 15.49 ± 9.39 7.50 ± 1.28 .000

HOMA-IR 3.69 ±  2.26 1.69  .35 .000

BMI (kg/m2) 21.96 ± 3.46 25.50 ± 4.61 .001

Sr. Albumin (g/dl) 3.20 ±  0.19 4.1 ± 0.30 .000

Sr.T.cholesterol 
(mg/dl)

127.47 ± 31.75 161.16 ± 39
.000

TABLE 2 : Correlations of Leptin, Insulin & HOMA IR 
with GFR & BMI

PARAMETER GFR BMI

LEPTIN Pearson Correlation
 Sig (2-tailed)

-.731**

.000
-.364**
.000

INSULIN Pearson Correlation
 Sig (2-tailed)

-.668**

.000
-.360
.055

HOMA IR   Pearson Correlation
 Sig (2-tailed)

-.689**

.000
-.355**
.042
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