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Abstract

Original Article

IntRoductIon

Insulin resistance (IR) is a condition, in which a higher 
than normal insulin concentration is needed to achieve a 
normal metabolic response.[1] As long as hyperinsulinemia 
is adequate to overcome IR, glucose tolerance remains 
normal.[2] Compensatory increases in renal tubular uptake and 
excretion of insulin in the setting of diminished glomerular 
filtration rate (GFR) were reported as early as 1970.[3] 
Numerous factors related to chronic kidney disease (CKD) 
have been implicated in the etiology of IR. These include 
uremic toxins, chronic metabolic acidosis, intracellular 
ion homeostasis disequilibrium, as well as qualitative and 
quantitative disturbances of insulin receptors on adipocytes, 
skeletal muscle cells and hepatocytes, cytokines produced by 
adipocytes (adipocytokines), chronic inflammation as well 
as low physical activity.[4] DeFronzo et al. demonstrated that 

resistance to insulin in patients with CKD developed mainly 
in peripheral tissues. At the same time, no impairment of 
hepatic glucose uptake or inhibition of glucose synthesis in 
the liver was observed.[5] Treatment of IR in CKD patients 
can be achieved by hemodialysis, angiotensin-converting 
enzyme (ACE) inhibitors, thiazolidinedione, treatment of 
calcium and phosphate disturbances, and recombinant human 
erythropoietin (rHuEpo).[6]

Nondiabetic patients with an increased serum leptin 
concentration have been reported to have a higher risk of 
IR.[7] Leptin seems to play an important role in the regulation 
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of appetite and energy balance in humans[8] Leptin appears to 
act on the hypothalamus by inhibiting synthesis and release 
of the neuropeptide Y (NPY). NPY, in contrast to leptin, is 
one of the most potent appetite stimulants yet demonstrated. 
Thus, leptin seems to be a powerful regulator of satiety centers 
of the brain.[9] rHuEpo is now widely used in the treatment of 
anemia in hemodialyzed patients. Some signs and symptoms 
found in rHuEpo-treated patients, such as increased libido and 
potency, improvement of appetite, physical and mental activity, 
as well as some side-effects of rHuEpo therapy (exacerbation 
of pre-existing hypertension, seizures, and hyperkalemia) 
may suggest, that they are caused not only by amelioration 
of anemia but also by altered function of endocrine organs or 
by a direct effect of rHuEpo on the nervous system or other 
organs.[10] Therefore, this present study is conducted to assess 
the possible effects of short-term treatment with rHuEpo 
therapy on the IR, plasma leptin, and NPY concentrations in 
hemodialysis (HD) patients irrespective of diabetic status.

MateRIals and Methods

This work is a case–control study carried over a period from 
January 2014 to February 2015. The study included thirty 
patients with end-stage kidney disease (ESKD) treated by 
HD at dialysis Department of Tamia Central Hospital. All 
patients were dialyzed through arteriovenous fistula three 
times a week for 4 h session using polysulfone high-flux 
dialyzer 1.6 m2 surface area, with dialysate flow 500 ml/min 
and dialysate calcium concentration 1.25 mmol/l, using heparin 
as anticoagulant with tailored doses according to each case 
and bicarbonate-based dialysate. The adequacy of dialysis 
was assessed using Kt/V[11] formula (K is patient clearance, t 
dialysis time, and V urea space).

The patients were divided into two groups. The rHuEpo 
group comprised 15 patients (7 females, 8 males, mean 
age 47.8 ± 9.3 years, mean body mass index [BMI] 
27.3 ± 3.4 kg/m2, mean duration of HD therapy 83.3 ± 53.7 
months) treated with rHuEpo therapy in addition to iron but 
not receiving blood transfusion; the average EPO dose was 
4000–6000/week. The etiology of ESKD in patients of the 
rHuEpo group was diabetic nephropathy 6, hypertension 4, 
obstructive nephropathy 3, chronic glomerulonephritis 1, and 
unknown cause 3 patients. No-rHuEpo group consisted of 
15 patients (7 females, 8 males, mean age 45.5 ± 8.6 years, 
mean BMI 25.6 ± 4.8 kg/m2, mean duration of HD therapy 
65 ± 45.3 months) not treated with rHuEpo and had either 
hemoglobin level >8 g% or refused to take EPO due to 
financial constraints or those who did not tolerate EPO 
or had accelerated hypertension secondary to EPO where 
EPO had to be discontinued, but receiving iron or blood 
transfusion (when needed) for the management of anemia. 
The etiology of ESKD in patients of the No-rHuEpo 
group was hypertension 5, diabetic nephropathy 4, chronic 
glomerulonephritis 3, and unknown cause 3 patients. Patients 
were enrolled to the rHuEpo or No-rHuEpo group in a 
randomized manner. There were no selection criteria that 

recommended patients to the rHuEpo or No-rHuEpo group. 
The control group consisted of 15 healthy controls (6 females, 
9 males, mean age 48.8 ± 11 years, mean BMI 26.5 ± 3 kg/m2). 
Blood samples for control group were withdrawn only once.

Inclusion criteria were patients with end-stage renal disease 
who were receiving regular HD. They included diabetic and 
non-diabetic patients. The exclusion criteria were diseases 
affecting fasting insulin levels such as congestive heart failure, 
patients on corticosteroids, patients on drugs such as beta 
blockers, biguanides, ACE inhibitors, patients with end-stage 
pulmonary disease, connective tissue disease, liver disease, and 
cancer. All patients were in stable condition, had no obvious 
infection, without trauma and surgery. All patients were 
informed about the content of the study and gave their written 
approvals before enrollment. All procedures were performed in 
accordance with the ethical standards of Al-Azhar University’s 
committee on human experiments.

All patients and controls were subjected to the following: Full 
medical history and examination. Biochemical evaluations: 
serum creatinine, blood urea, total cholesterol, high-density 
lipoprotein (HDL), low-density lipoprotein (LDL), and 
triglyceride levels, serum calcium, serum phosphorus, 
intact parathyroid hormone (iPTH), fasting blood sugar, and 
glycated hemoglobin % (HbA1c%). Serum fasting insulin 
was measured by ELISA Kit (Calbiotech INC., 10461 Austin 
Dr, Spring Valley, CA, 91978, USA). IR was calculated 
by homeostatic model assessment of IR (HOMA-IR) 
formula: because of its simplicity, HOMA-IR = Insulin 
(Mu/mL) × glucose (mmol/L)/22.5. Plasma leptin level 
was measured using an enzyme Immunoassay method 
kit (Immunospec Corporation., Suite 103 Canoga Park, 
CA, 91302, USA). NPY was measured by ELISA Kit 
(Kamiya Biomedical Co, 12779 Gateway Drive, Seattle, WA 
98168, USA). Blood samples for insulin, leptin, and NPY 
estimation were withdrawn in the morning after overnight 
fasting immediately before a subsequent hemodialysis session. 
Blood samples were withdrawn at the beginning and after 3 
and 6 months of the study period.

Statistical methods
The statistical analysis was performed using SPSS version 18.0 
statistical software (SPSS Inc., Chicago, IL, USA). The results 
were indicated by mean ± standard deviation. Paired-samples 
t-test was used in comparing the results at baseline, after 3, and 
6 months. Independent-samples test was used in comparing 
independent samples. For qualitative data, the number and 
percent distribution was calculated, Chi-square was used as 
test of significance. Significant difference was P < 0.05.

Results

The clinical characteristics of studied groups are shown 
in Tables 1 and 2. Serum fasting insulin level, HOMA-IR, 
and serum triglyceride were significantly higher in ESKD 
patients compared to age, sex, and BMI-matched control 
individuals [Table 1]. The mean fasting insulin and HOMA-IR 
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levels in ESKD patients were (11 ± 4.2 mU/L and 2.6 ± 1.1), 
respectively. While, the mean fasting insulin and HOMA-IR 
levels in control group were 6.6 ± 1.4 mU/L and 1.5 ± 0.3, 
respectively.

The clinical and baseline biochemical parameters of the 
rHuEpo and No-rHuEpo groups were a like comparable and 
are shown in Tables 2 and 3. Their biochemical parameters did 
not change after 3 months of treatment except for a significant 
decrease in plasma leptin and significant increase in NPY in 

rHuEpo group. After 6 months of rHuEpo therapy, a significant 
decrease in serum triglyceride, fasting insulin level, HOMA-IR 
level, and leptin levels were noticed, while serum NPY was 
significantly increased in rHuEpo group [Table 3].

A significant decrease in the mean values of fasting insulin 
levels as well as IR (calculated by HOMA-IR) was noted in the 
rHuEpo group after three (9.3 ± 3.17 µU/mL, 2.2 ± 0.77) and 
6 months (7.1 ± 2.18 µU/mL, 1.7 ± 0.66%) of rHuEpo therapy 
as compared to their baseline levels (12.3 ± 4.7 µU/mL, 
2.9 ± 1.1%) for insulin levels and HOMA-IR, respectively. 
Moreover, a significant decrease in the mean values of 
HbA1c% (5.6 ± 1%) and leptin levels (17.4 ± 8.7 ng/mL) as 
well as a significant increase in NPY levels (113 ± 9.9 pg/mL); 
the rHuEpo group was noted after 3 months of rHuEpo 
therapy as compared to its baseline levels with further 
insignificant improvement. In contrast to, fasting insulin 
levels as well as IR (calculated by HOMA-IR) were not 
significantly different from its baseline levels in No-rHuEpo 
group throughout the study. Moreover, significant increases 
in HbA1c% and leptin levels were noted after 6 months of 
the study as compared to their baseline levels in No-rHuEpo 
group [Table 4].

The EPO therapy did not influence BMI significantly either in 
rHuEpo patients or in male and female patients [Tables 2-4]. 
As regards to serum calcium, serum phosphorus, and PTH  did 
not show significant influence by rHuEpo therapy throughout 
the study.

Baseline biochemical parameters of male and female patients 
were a like comparable except for baseline leptin levels which 
were significantly higher in female (42.1 ± 21 ng/mL) as 
compared to male patients (23 ± 22 ng/mL). In spite of the 
persistent decrease of leptin levels in both sexes after rHuEpo 
therapy, it is still insignificantly higher in female as compared 
to male patients [Table 5].

dIscussIon

Our study confirms the association between ESKD and IR 
found in the previous studies.[12-14] IR has been known to 
be present even in early stages of CKD.[15] IR, along with 
oxidative stress and inflammation, is suggested to play a 
role in the development of albuminuria and declining kidney 
function.[16,17] IR promotes kidney disease by worsening renal 
hemodynamics through mechanisms such as activation of the 
sympathetic nervous system, sodium retention, decreased Na+, 
K+-ATPase activity, and increased GFR.[17] Like other chronic 
diseases, patient with ESKD demonstrates low-grade systemic 
inflammation marked by elevated levels of proinflammatory 
cytokines such as C-reactive protein, tumor necrosis factor 
alpha (TNF-α), inerleukin-6 (IL-6), and IL-1β.[18] Inflammation 
and oxidative stress are evident in the early stage of CKD[19] 
and are also known to induce IR. IR, as potentially modifiable 
cardiovascular risk factor, is currently considered as a 
therapeutic target in patients of CKD undergoing HD.

Table 1: Comparison between patients and control groups

Mean±SD P

Control (n=30) Patients (n=30)
Age/years 48.8±11.4 46.6±8 >0.05
Sex

Male/female 9/6 16/14 >0.05
BMI (kg/m2) 26.5±3.1 26.3±0.4 >0.05
Cholesterol (mg/dL) 157.2±20 174±46.8 >0.05
Triglyceride (mg/dL) 138.9±23 199±62.7 <0.05
LDL (mg/dL) 131.4±23.6 135.5±24 >0.05
HDL (mg/dL) 43.8±4.7 40.6±6 >0.05
Fasting blood 
sugar (mmol)

5.2±0.49 5.3±0.54 >0.05

HBA1c% 5.4±0.9 5.7±0.8 >0.05
Insulin levels (µU/mL) 6.6±1.4 11±4.2 <0.005
HOMA-IR 1.56±0.38 2.6±1.1 <0.005
BMI: Body mass index, LDL: Low-density lipoprotein, HDL: High-density 
lipoprotein, HBA1c: Glycated hemoglobin, HOMA-IR: Homeostasis 
model assessment for insulin resistance, SD: Standard deviation

Table 2: Clinical characteristics of recombinant human 
erythropoietin and no recombinant human erythropoietin 
groups

No‑rHuEpo rHuEpo P
n 15 15
Age/years 45.5±8.6 47.8±9.4 >0.05
Sex: Male/female >0.05*

Male (n=16)
n 8 8
Age/years 44.5±9 47.2±11 >0.05
Duration of HD/months 62.6±48 86.2±49 >0.05

Female (n=17)
n 7 7
Age/years 47±8.6 48.2±7.8 >0.05
Duration of HD/months 68.6±44 49.3±46 >0.05

Etiology of ESKD (n/%)
Diabetes mellitus 4/13.3 6/20 >0.05
Hypertension 5/16 4/13.3
Chronic 
glomerulonephritis

3/10 1/3.3

Obstructive nephropathy 0 1/3.3
Unknown 3/10 3/10

Duration of HD (months) 65±45 83.3±53.7 >0.05
*P>0.05, no significant difference between male and female as regards to 
number, age, and duration of dialysis. ESKD: End-stage kidney disease, 
HD: Hemodialysis, rHuEpo: Recombinant human erythropoietin
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Table 3: Comparison between no‑recombinant human erythropoietin and recombinant human erythropoietin groups at the 
start and after treatment

At start (mean±SD) P 3 months (mean±SD) P 6 months (mean±SD) P
BMI (kg/m2)

No-rHuEPO 25.6±4.8 >0.05 25.5±4.7 >0.05 26.9±4.7 >0.05
rHuEPO 27±3.4 26.3±4.4 26.7±3.4

Creatinine (mg/dL)
No-rHuEPO 8.6±1.6 >0.05 9±1.4 >0.05 9.1±2 >0.05
rHuEPO 9.4±2.3 10±1.7 9.1±2

Blood urea (mg/dL)
No-rHuEPO 195.8±34 >0.05 189±48 >0.05 215±68 >0.05
rHuEPO 198.2±48 202±62 199±62

Kt/V
No-rHuEPO 1.29±1 >0.05 1.28±1.2 >0.05 1.31±0.9 >0.05
rHuEPO 1.27±1.7 1.30±1.25 1.30±1

CRP
No-rHuEPO 5.79±1.7 >0.05 6±3.1 >0.05 5.62±1.8 >0.05
rHuEPO 6.25±2.9 6.4±2.6 5.90±2.3

Serum albumin
No-rHuEPO 3.73±0.4 >0.05 3.78±0.4 >0.05 3.75±0.4 >0.05
rHuEPO 3.87±0.4 3.99±0.3 3.77±0.3

Calcium (mg/dL)
No-rHuEPO 8.8±1.1 >0.05 9.3±1 >0.05 90.8 >0.05
rHuEPO 8.8±1 8.7±0.7 8.9±1

Phosphorus (mg/dL)
No-IrHuEPO 5.5±1.4 >0.05 5±1.7 >0.05 5.4±1.2 >0.05
rHuEPO 5.7±1.5 5.7±1.6 5.6±1.3

iPTH (pg/dL)
No-rHuEPO 431±344 >0.05 373±361 >0.05 454±357 >0.05
rHuEPO 491±340 598±378 454±283

Cholesterol (mg/dL)
No-rHuEPO 162±50 >0.05 161±47 >0.05 168±73 >0.05
rHuEPO 185±41 174±36 154±32

Triglyceride (mg/dL)
No-rHuEPO 189±61 >0.05 171±89 >0.05 175±43 <0.05
rHuEPO 209±64 179±58 136±38

LDL (mg/dL)
No-rHuEPO 134±17 >0.05 130±21 >0.05 126±17 >0.05
rHuEPO 136±29 128±24 121±11

HDL (mg/dL)
No-rHuEPO 40±6 >0.05 40±6 >0.05 38.8±4 >0.05
rHuEPO 41±6 38±5 40.6±2

FBS (mmol)
No-rHuEPO 5.3±0.6 >0.05 5.4±0.5 >0.05 5.6±0.5 >0.05
rHuEPO 5.4±0.4 5.3±0.4 5.3±0.4

HBA1c%
No-rHuEPO 5.6±0.5 >0.05 5.7±0.8 >0.05 5.9±0.6 >0.05
rHuEPO 5.9±1 5.6±1 5.4±1

Insulin (µU/mL)
No-rHuEPO 9.8±3.4 >0.05 9.8±3.1 >0.05 10.6±3 <0.005
rHuEPO 12.3±4.7 9.3±3.1 7.1±2

HOMA-IR (%)
No-rHuEPO 2.3±1 >0.05 2.42±0.9 >0.05 2.6±1 <0.005
rHuEPO 2.9±1 2.23±0.7 1.7±0.6

Contd...
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This study showed a significant improvement in fasting insulin 
levels as well as IR in the HD patients receiving EPO therapy. 

This has been demonstrated by many previous studies.[2,5,20,21] 
Improved IR by EPO therapy has been postulated to be due 
to decreasing Plasma Cell Differentiation Antigen-1 (PC-1) 
activity which has been found to be elevated in insulin resistant 
state. PC-1 inhibits insulin signaling either at the level of 
receptor or downstream at post-receptor site.[22] Improvements 
in oxygen supplementation and overcoming tissue hypoxia 
may explain improvement in insulin action.[23] EPO corrects 
anemia and improves appetite and nutritional status of patients 
with ESKD, thereby improving IR.[24] Improvement of IR 
with EPO has also been explained through repair of chronic 
inflammation, as reduced level of inflammatory cytokines, 
particularly TNF-α, and iron overload or ferritin level have 
been found in patients with ESKD on HD.[25] Serum calcium, 
serum phosphorus, and PTH levels throughout the current 
study were similar between both groups and did not change 
by rHuEpo therapy. Therefore, it is unlikely that its play a role 
in the improvement of IR.

Dyslipidemia is a common disorder in ESkD patients. In CKD 
patients, total and LDL cholesterol concentrations frequently 
remain comparable with that of the general population, 
whereas increases in the triglyceride concentrations and 
decreases in the high-density lipoprotein cholesterol are 
often seen. CKD patients had higher prevalence of elevated 
triglyceride concentration (40% vs. 30% in subjects without 
CKD) and low HDL cholesterol concentration (43% vs. 29% 
in subjects without CKD).[26] In this study, the triglyceride 
concentrations were significantly high in ESKD patients, 
while the cholesterol levels, LDL and HDL remain comparable 
with the general population. The significant high level of 
serum triglycerides had been improved in patients received 
rHuEpo therapy, and this change was noted after 6 months 
of treatment, therefore, long-term therapy will explore other 
beneficial effect of rHuEpo therapy. It has been reported that 
EPO therapy has a favorable effect on triglyceride and HDL 
levels in hemodialyzed patients.[2,20]

In the current study and reported by other authors,[27,28] serum 
leptin levels are elevated in ESKD patients. As serum leptin 
is cleared by normal kidneys, reduced renal clearance of this 
hormone may account for elevated serum leptin levels in ESKD 
patients.[29] Leptin is known to have diverse physiological 
effects on various organs. It is an important hormone that is 
related to glucose homeostasis, food ingestion, body weight 

Table 3: Contd...

At start (mean±SD) P 3 months (mean±SD) P 6 months (mean±SD) P
Leptin (ng/mL)

No-rHuEPO 38.2±21 >0.05 39±23 <0.05 42.3±25 <0.05
rHuEPO 37.0±16 17.4±8.7 14.6±13

NPY (pg/mL)
No-rHuEPO 56.7±12 >0.05 56±10 <0.005 55.6±11 <0.005
rHuEPO 57.7±6 113±9 111±9.6

BMI: Body mass index, iPTH: Intact parathyroid hormone, FBS: Fasting blood sugar, LDL: Low density lipoprotein, HDL: High density lipoprotein, 
HBA1c: Glycated hemoglobin, HOMA-IR: Homeostasis model assessment for insulin resistance, NPY: Neuropeptide Y, SD: Standard deviation, 
CRP: C-reactive protein, rHuEpo: Recombinant human erythropoietin

Table 4: Comparison of biochemical parameters during 
6 months observation period in each group

No‑rHuEPO group rHuEPO group

Mean±SD P Mean±SD P
BMI (kg/m2)

At start 25.6±4.8 >0.05 27.1±3.4 >0.05
After 3 months 25.5±4.7 26.3±4.4
After 3 months 25.5±4.7 >0.05 26.3±4.45 >0.05
After 6 months 25.9±4.7 26.7±3.4

FBS (mmol)
FBS at start 5.3±0.6 >0.05 5.4±0.46 >0.05
After 3 months 5.4±0.5 5.3±0.47
After 3 months 5.4±0.5 >0.05 5.3±0.47 >0.05
After 6 months 5.6±0.5 5.3±0.46

HbA1c%
At start 5.6±0.7 >0.05 5.9±1.0 <0.005
After 3 months 5.7±0.8 5.6±1.0
After 3 months 5.7±0.8 <0.05 5.6±1.0 >0.05
After 6 months 5.9±0.5 5.4±1.0

Insulin (µU/mL)
At start 9.8±3.4 >0.05 12.3±4.7 <0.005
After 3 months 9.8±3.1 9.3±3.17
After 3 months 9.8±3.1 >0.05 9.3±3.17 <0.005
After 6 months 10.6±3.6 7.1±2.18

HOMA-IR (%)
At start 2.3±1.0 >0.05 2.9±1.17 <0.005
After 3 months 2.4±0.9 2.2±0.77
After 3 months 2.4±0.9 >0.05 2.2±0.77 <0.005
After 6 months 2.6±1.1 1.7±0.66

Leptin (ng/mL)
At start 38.2±21.9 >0.05 37.0±16.94 <0.005
After 3 months 39.8±23.6 17.4±8.71
After 3 months 39.8±23.6 <0.05 17.4±8.7 >0.05
After 6 months 42.3±25.3 14.6±13.5

NPY (pg/mL)
At start 56.7±12.3 >0.05 57.7±6.7 <0.005
After 3 months 56.7±10.2 113.18±9.9
After 3 months 56.7±10.2 >0.05 113.18±9.9 >0.05
After 6 months 55.5±11.2 111.13±9.6

BMI: Body mass index, FBS: Fasting blood sugar, HBA1c: Glycated 
hemoglobin, HOMA-IR: Homeostasis model assessment for insulin 
resistance, NPY: Neuropeptide Y, SD: Standard deviation
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balance, and hematogenous functions and has an influence on 
the reproductive and cardiovascular organs.[30] It appears that 
leptin has an effect on the insulin sensitivity in the peripheral 
organs. Nondiabetic patients with an increased serum leptin 
concentration have been reported to have a higher risk of IR.[7,30] 
Moreover, the serum leptin concentration has a beneficial effect 
on patients with end-stage renal failure because HD patients 
with an elevated leptin level become more sensitive to EPO.[31]

In addition, it has been already shown in the previous 
studies rHuEpo therapy exerts a profound effect on the 
hormonal status in HD patients by decreasing significantly 
plasma levels of somatotropin,[32-36] prolactin,[32,33] glucagon, 
pancreatic polypeptide and gastrin,[35] and increasing plasma 
concentration of insulin,[35] estradiol,[32] testosterone,[34] 
atrial natriuretic peptide.[32] In this study, plasma leptin 
concentrations were significantly suppressed by rHuEpo 
treatment. This effect of rHuEpo could be due to a direct 
suppressive effect on leptin synthesis by adipocytes or by an 
increased leptin turnover.[10] As leptin is presumed to stimulate 
hemopoiesis, improvement of the hematocrit value induced by 
rHuEpo therapy could suppress leptin synthesis and release by 
a feedback mechanism.[36]

It has been reported that ESKD patients show normal[37] or 
elevated[38,39] NPY plasma levels. In this study, NPY levels 
were significantly higher in male patients in compared to 
female patients. The rHuEpo treatment was accompanied 
by a significant increase of plasma NPY concentration. The 
pathomechanism of this effect of rHuEpo treatment remains 
to be elucidated. This fact does not exclude the presence of 

a suppressive effect of circulating leptin on NPY secretion 
and receptors at the hypothalamic level, and the existence 
of a negative feedback between these two hormones in 
the regulation of food intake and energy expenditure.[9] As 
demonstrated by Yilmaz et al., basal plasma leptin was high in 
female patients and still higher in female in compared to male 
patients throughout this study in spite of significant improving 
effect of rHuEpo therapy on leptin levels.[40]

conclusIon

This research confirmed the association between ESKD and 
IR, in addition to, a significant improvement in IR as well 
as hyperlipidemia and hypertriglyceridemia after short-term 
rHuEpo therapy in hemodialyzed patients. Long-term EPO 
therapy is advised to explore other beneficial effect of rHuEpo 
therapy.
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