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Comparison of the effects of intradialytic parenteral nutrition 
alone and combined with anabolic steroid in patients 

undergoing hemodialysis therapy

Abdi Metin SARIKAYA, Funda SARI, Ramazan ÇETİNKAYA

Aim: It has been shown that androgen anabolic steroids and intradialytic parenteral nutrition (IDPN) may have 
advantages in malnourished hemodialysis patients. We aimed to compare the effects of IDPN and IDPN with added 
anabolic steroid. 

Materials and methods: Twenty hemodialysis patients who had albumin of <3.5 g/dL were included. Of those, 10 
patients received 1000 mL of IDPN at each hemodialysis session 3 days per week, whereas the other 10 patients received 
IDPN plus nandrolone (100 mg intramuscularly) once every 2 weeks. Nutritional parameters were recorded at baseline 
and after 6 months.

Results: In patients who received IDPN alone, significant elevations were found in albumin, total protein levels, and 
body weight (P < 0.05) after 6 months when compared with baseline values. In patients who received IDPN plus 
nandrolone, significant elevations were found in the same parameters (P < 0.05). Except for total cholesterol (P = 0.034), 
there were no differences in nutritional parameters between the 2 groups.

Conclusion: Patients receiving IDPN for 6 months exhibited a significant increase in albumin levels. Adding nandrolone 
to IDPN treatment achieved no additional increase in these parameters; however, an increase in total cholesterol in the 
IDPN plus nandrolone group may be unfavorable at long-term follow-up.  
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Introduction

The prevalence of protein-calorie malnutrition 
remains as high as 30% to 40%. Protein-calorie 
malnutrition, a reflection of dietary protein intake in 
the stable hemodialysis (HD) patient, has been shown 
to be highly associated with increased morbidity and 
mortality in patients with end-stage renal disease. It 
remains one of the major factors that adversely affect 
patient outcome (1-3). Furthermore, recent studies 
have shown that a low concentration of serum 
albumin and low levels of creatinine, cholesterol, 
and blood urea nitrogen were all associated with 
increased risk of mortality (4-6). 

Inadequate nutritional intake is considered 
the most common cause of malnutrition in HD 
patients. Thus, nutritional support can prevent or 
ameliorate malnutrition, improve quality of life, and 
reduce morbidity and mortality (7-12). There are 
many techniques to provide nutrients to maintain 
dialysis patients who have inadequate food intake. 
These techniques include dietary counseling, food 
supplements, enteral tube feeding, intradialytic 
parenteral nutrition (IDPN), and total parenteral 
nutrition (7-10). For malnourished hemodialysis 
patients who failed to respond to dietary counseling 
or food supplements, IDPN may be the best choice of 
treatment (11,12). It was shown that IDPN promotes 



A. M. SARIKAYA, F. SARI, R. ÇETİNKAYA

1253

a great increase in whole-body protein synthesis and 
a significant decrease in whole-body proteolysis, 
along with a significant increase in muscle-protein 
synthesis (13,14). 

In HD patients with malnutrition, therapeutic 
options other than enteral or parenteral nutrition 
include recombinant growth hormone and anabolic 
androgen steroids (AASs) (15). Stimulation of 
protein anabolism in muscle may be attempted via 
use of AASs (16,17). Nandrolone decanoate and 
oxandrolone are the most commonly used AASs 
in clinical practice. Although positive effects have 
been documented with nandrolone decanoate and 
oxandrolone in patients with burns, cancer, human 
immunodeficiency virus infection, and chronic 
obstructive pulmonary diseases, data are limited in 
HD patients (18-20). Although there are many studies 
in which individual effects of IDPN and anabolic 
steroids were evaluated, to our knowledge, there is 
no study comparing combined IDPN and androgen 
treatment to IDPN alone. Therefore, we aimed to 
assess the effects of adding nandrolone decanoate to 
IDPN versus IDPN alone in the present study.

Materials and methods
Twenty patients (10 female, 10 men; mean age: 66.4 
± 6.9 years) who had been on regular (3 times/week) 
hemodialysis for at least 6 months were enrolled in 
the study. Patients were selected for IDPN by a renal 
dietitian and a nephrologist in accordance with the 
criteria listed in Table 1 (21-23). Patients with diabetic 
nephropathy, chronic liver disease, congestive heart 
failure, malignancies, or chronic infections were 

excluded. Patients using statins were excluded from 
the study because of the risk of hepatotoxicity when 
used together with nandrolone decanoate.

Malnutrition was defined by scoring body weight 
(>10% below ideal body weight) in addition to total 
protein and albumin concentrations; only patients 
having at least 2 abnormal values were included. 
The last abnormal results were recorded as baseline 
value. Hemodialysis was performed 3 times a week 
for 4 h with Fresenius FX80 low flux membrane and 
a glucose-containing dialysate (2 g/L). The flow rates 
for blood and dialysate were 300 mL/min and 500 mL/
min, respectively. All patients received erythropoietin 
replacement therapy for at least 3 months prior to the 
study. Parameters such as dialysis modality, treatment 
time, and filter used remained unchanged during the 
study period. The study patients were administered 
IDPN throughout each hemodialysis session (4 h 
per session 3 times a week), and these solutions were 
infused at a rate of 250-300 mL/h. Each individual 
was assigned randomly to receive either 1000 mL of 
IDPN supplement (each containing amino acids = 
42.5 g, glucose = 125 g, lipid emulsion = 50 g, and 
total nonprotein calories = 925 kcal) (N = 10 patients) 
or IDPN plus 100 mg of nandrolone intramuscularly 
once every 2 weeks (N = 10 patients). Urea, creatinine, 
albumin, total protein, cholesterol, hemoglobin, 
C-reactive protein, Kt/V [ratio of dialyzer clearance 
(in milliliters per minute) multiplied by time (in 
minutes) to patient water volume (in liters)], protein 
catabolic rate, calcium, phosphorus, and body weight 
(kg) were recorded at baseline and after 6 months. 
All blood samples were taken before dialysis during 
the entire study period. Kt/V dialysis doses were 

Table 1. Criteria for initiation of intradialytic parenteral nutrition (IDPN).

Initiate IDPN if patient meets any 3 of the following criteria.
1. Serum albumin concentration of <3.5 g/dL.
2. Unintentional loss of body weight of >10% or current body weight of <90% of ideal body weight.
3. Dietary history showing a decreased daily protein intake of <1 g/kg or daily calorie intake of <25 kcal/kg.
4. Protein catabolic daily rate of <1 g/kg.

AND
• Inability to increase oral intake with oral supplements,
• Not a candidate for enteral tube feeding, 
• All possible attempts have been made to achieve adequate dialysis.
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calculated using the Daugirdas formula as stated in 
the 2006 Kidney Disease Outcomes Quality Initiative 
(KDOQI) guidelines. 

Statistical analysis 
All results were expressed as mean ± standard 
error of the mean (SEM). Data were assessed using 
nonparametric Wilcoxon signed ranks and chi-
square tests. Paired 2-sample t-tests were used to 

determine changes from baseline in the secondary 
endpoints. The level of significance was set at P < 
0.05.

Results
There was no difference in baseline parameters 
between patients receiving IDPN alone and IDPN 
plus AASs (Table 2). Dialysis was adequate for all the 
patients on the basis of Kt/V. 

Table 2. Patient demographics at baseline in 2 study groups (mean ± SEM).

Characteristic IDPN alone IDPN plus nandrolone

Number of patients 10 10
Number of men 5 5
Number of women 5 5
Mean age (years) 66.7 66.1
Mean duration of HD (months) 6.5 6.8
Weight (kg) 57 ± 8 58 ± 1
Serum albumin (g/dL) 3.0 ± 0.2 3.06 ± 0.1
Serum total protein (g/dL) 5.7 ± 1.0 5.6 ± 1.1
Kt/V 1.48 ± 0.2 1.51 ± 0.1
Urea reduction ratio (%) 75.2 ± 6.7 76.1 ± 5.9
Protein catabolic rate 0.8 ± 0.1 0.78 ± 0.2
Hemoglobin (g/dL) 10.7 ± 0.8 10.9 ± 0.7
Serum urea (mg/dL) 92.8 ± 6.5 89 ± 6.8
Serum creatinine (mg/dL) 6.4 ± 1.1 6.6 ± 1.2
Serum C-reactive protein (mg/L) 2.7 ± 0.9 2.9 ± 1.1
Serum potassium (mEq/L) 4.4 ± 0.3 4.3 ± 0.2
Serum calcium (mEq/L) 9.8 ± 0.1 9.9 ± 0.1
Serum phosphate (mEq/L) 5.4 ± 0.4 5.3 ± 0.3
Serum cholesterol (mg/dL) 176 ± 58.5 178 ± 62.1
Alkaline phosphatase (units/L) 199.4 ± 84.9 192.3 ± 79.8
Aspartate transaminase (units/L) 25.1 ± 11.5 25.1 ± 11.5
Drugs used during the study period:
rHuEPO (IU/HD session) 2480 ± 250 2520 ± 220
Calcium acetate (no. of patients) 4 5
Calcitriol IV (no. of patients) 3 3
Carnitine IV (no. of patients) 10 10

Between 2 groups, P was greater than 0.05 for all values.
HD = hemodialysis, IDPN = intradialytic parenteral nutrition, Kt/V = ratio of dialyzer clearance (in milliliters per minute) multiplied 
by time (in minutes) to patient water volume (in liters).
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In patients who received IDPN, significant 
elevations were found in hemoglobin (P = 0.007), 
urea (P = 0.04), creatinine (P = 0.03), albumin (P 
= 0.005), total protein levels (P = 0.005), and body 
weight (P = 0.005) after 6 months when compared 
with baseline values (Table 3).

In patients who received IDPN plus nandrolone 
decanoate, significant elevations were found in 
hemoglobin (P = 0.005), urea (P = 0.04), creatinine 
(P = 0.03), albumin (P = 0.005), total protein (P = 
0.005), and body weight (P = 0.005) after 6 months 
when compared baseline values. Furthermore, 
the most significant difference seen in the group 
receiving nandrolone decanoate was a distinct 
elevation in total cholesterol concentration at month 
6 when compared to baseline (P = 0.005) (Table 4). 
Except for total cholesterol (P = 0.034), there were 
no differences in the nutritional parameters between 
the 2 groups.

The intradialytic infusion of IDPN solutions 
was well tolerated. Despite infusion rates as high as 
300 mL/h, known side effects of rapid amino acid 
infusions such as headache, flushing, or fever were 

not seen in any of the subjects. Of the 20 patients, 6 
had nausea, but this side effect was tolerated by the 
patients. 

Discussion
Malnutrition is common in hemodialysis patients and 
is a powerful predictor of morbidity and mortality. 
Although much progress has been made in recent 
years in identifying the causes and pathogenesis of 
malnutrition in hemodialysis patients, as well as 
in recognizing the link between malnutrition and 
morbidity and mortality, no consensus has been 
reached concerning its management (15). Along 
with such conventional interventions as nutritional 
counseling, oral nutritional supplements, and 
IDPN, novel preventive and therapeutic strategies, 
such as appetite stimulants, growth hormones, 
AASs (nandrolone decanoate and oxandrolone), 
and antiinflammatory drugs, have been tested with 
contradictory and inconclusive results (19,20,24-30).

Inconsistent results were found in recent studies 
evaluating the effects of IDPN in patients undergoing 

Table 3. Comparison of parameters at baseline and after 6 months in patients who received IDPN alone.

Characteristic Baseline After 6 months P-values

Weight (kg) 57 ± 8 60.1 ± 6.5 0.005
Serum albumin (g/dL) 3.0 ± 0.2 3.7 ± 0.4 0.005
Serum total protein (g/dL) 5.7 ± 1.0 6.6 ± 0.9 0.005
Kt/V 1.48 ± 0.2 1.46 ± 0.17 0.38
Urea reduction ratio (%) 75.2 ± 6.7 72.2 ± 7.6 0.41
Protein catabolic rate 0.8 ± 0.1 1.1 ± 0.2 0.28
rHuEPO (IU/HD session) 2480 ± 250 2000 ± 210 0.61
Hemoglobin (g/dL) 10.7 ± 0.8 11.8 ± 0.7 0.007
Serum urea (mg/dL) 92.8 ± 6.5 112.4 ± 7.4 0.04
Serum creatinine (mg/dL) 6.4 ± 1.1 7.91 ± 2.1 0.03
Serum C-reactive protein (mg/L) 2.7 ± 0.9 2.94 ± 1.2 0.57
Serum potassium (mEq/L) 4.4 ± 0.3 4.2 ± 0.3 0.36
Serum calcium (mEq/L) 9.8 ± 0.1 9.6 ± 0.2 0.34
Serum phosphate (mEq/L) 5.4 ± 0.4 5.1 ± 0.5 0.45
Serum cholesterol (mg/dL) 176 ± 58.5 184 ± 46.81 0.07
Alkaline phosphatase (units/L) 199.4 ± 84.9 201 ± 68 0.56
Aspartate transaminase (units/L) 25.1 ± 11.5 26 ± 12 0.42
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hemodialysis therapy. Some studies (31,32) reported 
an increase in serum albumin levels but an unchanged 
body weight. Contrary to these studies, Mortelmans 
et al. (33) reported an increase in body weight but 
unchanged serum albumin levels. This lack of 
consistency may be related to characteristics of patient 
population, frequency and duration of hemodialysis, 
content of IDPN, or duration of study. Finally, studies 
with fewer than 10 patients found either an increase 
in serum albumin level without change in body 
weight (14) or an increase in body weight without 
change in albumin level (34). In our study, the use of 
IDPN alone for 6 months significantly increased both 
body weight and serum albumin levels. 

Stimulation of protein anabolism in muscle 
should be attempted by using AASs, a large family 
of testosterone-related hormones that vary in terms 
of chemical structure, mode of action, anabolic 
effects, and risk of undesired side effects. AAS 
administration induces an increase in the mRNA 
expression of skeletal muscle androgen receptor and 
intracellular use of amino acids derived from protein 
degradation and stimulates net synthesis of muscle 

protein (32,33). The most commonly used AAS in 
clinical practice is nandrolone decanoate. In some 
previous studies (16,17,19), the dose of nandrolone 
decanoate was 100 mg once a week, while we used 
100 mg nandrolone decanoate once every 2 weeks. 

In a study by Gascon et al. (18), in the group 
receiving nandrolone but not erythropoietin, a 
significant increase in body weight, muscle mass, 
and hemoglobin level was observed. Similarly, 
in Johansen et al.’s study (19), subjects receiving 
nandrolone decanoate gained an average of 2.5 kg 
more lean body mass than those receiving a placebo 
with a concomitant increase in serum creatinine 
levels, suggesting that nandrolone caused increased 
muscle mass. Furthermore, Barton Pai et al. (20) 
reported an elevation in serum levels of albumin and 
hematocrit by nandrolone decanoate therapy.

To our knowledge, although there are studies 
individually assessing conventional interventions 
and novel preventive and therapeutic interventions, 
this is the first study evaluating the superiority of 
adding AASs to IDPN treatment compared with 
IDPN alone. In our study, a significant increase 

Table 4. Comparison of parameters at baseline and after 6 months in patients who received IDPN plus nandrolone.

Characteristic Baseline After 6 months P-values

Weight (kg) 58 ± 1.0 60.91 ± 6.6 0.005
Serum albumin (g/dL) 3.06 ± 0.1 3.81 ± 0.2 0.005
Serum total protein (g/dL) 5.6 ± 1.1 6.7 ± 1.12 0.005
Kt/V 1.51 ± 0.1 1.45 ± 0.1 0.38
Urea reduction ratio (%) 76.1 ± 5.9 74.16 ± 6.6 0.39
Protein catabolic rate 0.78 ± 0.2 1.13 ± 0.1 0.30
rHuEPO (IU/HD session) 2520 ± 220 2020 ± 200 0.04
Hemoglobin (g/dL) 10.9 ± 0.7 11.78 ± 0.68 0.005
Serum urea (mg/dL) 89 ± 6.8 108.8 ± 6.3 0.04
Serum creatinine (mg/dL) 6.6 ± 1.2 8.09 ± 1.3 0.03
Serum C-reactive protein (mg/L) 2.9 ± 1.1 2.76 ± 0.9 0.57
Serum potassium (mEq/L) 4.3 ± 0.2 4.3 ± 0.2 0.38
Serum calcium (mEq/L) 9.9 ± 0.1 9.7 ± 0.1 0.36
Serum phosphate (mEq/L) 5.3 ± 0.3 5.3 ± 0.2 0.44
Serum cholesterol (mg/dL) 178 ± 62.1 236 ± 58.7 0.005
Alkaline phosphatase (units/L) 192.3 ± 79.8 200 ± 88.1 0.51
Aspartate transaminase (units/L) 25.1 ± 11.5 25 ± 11 0.41
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was seen in body weight, hemoglobin, and albumin 
levels after 6 months in both the IDPN and the IDPN 
plus AASs groups. The changes in the nutritional 
parameters were similar in these 2 groups. The 
absence of significant differences in hemoglobin 
elevations can be explained by using nandrolone in 
lower doses than the above-mentioned study. These 
data could support the hypothesis that ameliorating 
malnutrition and encouraging weight gain are 
adequate strategies for stable hemoglobin levels and 
decreased erythropoietin requirements. We should 
have used a control group that was not using IDPN 
or AASs for better assessment of these results, but 
we did not have enough malnourished hemodialysis 
patients to create a control group. In our study, 
serum creatinine levels significantly increased in 
both groups. However, these elevations were not 
different between the groups. Elevation in creatinine 
levels could be related to improved appetite and body 
weight rather than nandrolone decanoate.           

The only observed difference between the IDPN 
plus AASs group and the IDPN alone group was a 
significant elevation in cholesterol level. This elevation 

is an important finding, despite using a lower dose 
than previous studies. Considering this result, it 
should be thought that using nandrolone decanoate 
could lead to increased cardiovascular risk in HD 
patients (16). This result warrants further controlled 
clinical trials evaluating both long-term efficacy and 
the risk of dangerous side effects of AASs. Similarly, 
an important and significant warning comes from 
studies reporting complications associated to AAS 
usage in athletes, such as reduction in high density 
lipoprotein and elevation in cholesterol levels (17).

In conclusion, IDPN therapy, alone or in 
combination with nandrolone decanoate, improved 
both body weight and serum albumin concentration 
in malnourished hemodialysis patients in this study. 
According to our results, no additional benefit was 
provided by adding nandrolone to IDPN treatment; 
in fact, long-term usage of anabolic steroids could be 
harmful in HD patients due to significant increase in 
serum cholesterol levels. Thus, IDPN alone seems to 
be a safe and effective therapy in malnourished HD 
patients.
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