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Introduction: Anemia associated with chronic kidney disease is a serious complication 

 necessitating expenditure of huge medical efforts and resources. This study investigates the role 

of alpha-lipoic acid (ALA) in end stage renal disease patients undergoing hemodialysis. By the 

virtue of its antioxidative effects, ALA is expected to act as an erythropoietin (EPO) adjuvant, 

and also has extended beneficial effects on endothelial dysfunction.

Methods: Forty-four patients undergoing hemodialysis and receiving EPO were randomized 

into two groups: the first group received ALA 600 mg once daily for 3 months; while the other 

group represented the control group. Parameters measured at baseline and at end of study were 

hemoglobin, EPO doses, EPO resistance index (ERI), iron store indices, malondialdehyde, oxi-

dized low-density lipoprotein (ox-LDL), interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), 

and asymmetric dimethylarginine (ADMA), as well as routine laboratory follow-up.

Results: EPO doses and ERI were significantly decreased in the treatment group, while they 

did not change in the control group. Hemoglobin, iron store indices, malondialdehyde, oxidized 

ox-LDL, IL-6, TNF-α, and ADMA were similar in both treatment and control groups at baseline, 

and did not change by the end of study period. Likewise, routine laboratory measures were not 

affected by the treatment.

Conclusion: ALA could be used in hemodialysis patients to reduce requirements for EPO. 

However, larger and longer term studies are required to clarify the exact role of ALA in hemo-

dialysis as well as in pre-hemodialysis patients.

Keywords: alpha-lipoic acid, anemia, asymmetric dimethylarginine, erythropoietin, 

 hemodialysis, oxidative stress

Introduction
Anemia is a universal condition of end stage renal disease that is associated with poor 

outcome; it demands devoting a remarkable amount of resources and continuous effort 

to attain and maintain hemoglobin within guideline targets. Correction of anemia 

impacts essential outcomes such as quality of life,1 cardiovascular function,2,3 and sur-

vival.4 Erythropoietin (EPO) therapy has become the cornerstone of standard care when 

treating anemia in chronic kidney disease. However, implementation of anemia man-

agement guidelines5,6 in real practice is hardly ever achieved, due mainly to complexity 

of complications accompanying end stage renal disease. This is noted particularly in 

developing countries, where economics greatly impact healthcare  decisions. Another 

serious issue is the suggested association between administration of large EPO doses 

and an increased risk of cardiovascular complications and/or mortality.7,8

Reports studying EPO adjuvants being continuously compiled and published; 

however, no conclusive role for EPO adjuvants has until now been stated. Antioxidants 
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have been attracting attention by virtue of their role in target-

ing oxidative stress, acting both as effector and consequence, 

and linking various risk factors of anemia and subsequent 

cardiovascular risk; additionally, they are of interest due to 

their leading role in EPO hyporesponsiveness. Antioxidants 

like Vitamin E, supplied orally or bound to the hemodialysis 

membrane, have been studied extensively; these studies have 

produced conflicting results on EPO responsiveness and dose 

reduction, as well as on other parameters such as oxidative-

inflammatory markers and cardiovascular outcome.9–11 

Conflicting results have also been mentioned for other anti-

oxidants such as ascorbic acid,12,13 N-acetylcysteine,14,15 and 

antioxidant combinations.16 In addition, negative side effects 

have increased concern about their use, such as oxalosis with 

ascorbic acid,17 toxicity, or even increased mortality with 

vitamin E.18 In spite of its benefits, the impracticalities of 

electrolyzed-reduced water use has prevented its widespread 

use.19

Alpha-lipoic acid (ALA) is a naturally occurring com-

pound that is de novo synthesized in mitochondria and is 

an essential cofactor for certain dehydrogenase enzymes 

during mitochondrial energy metabolism. It acts as a potent 

antioxidant through multiple mechanisms. It scavenges reac-

tive oxygen and nitrogen species, regenerates other antioxi-

dants such as ascorbic acid, glutathione, alpha-tocopherol 

and coenzyme Q
10

, and chelates reactive free metal ions. 

Regarding its safety, it has been reported that doses of up to 

1800–2400 mg/day can be tolerated safely in humans with-

out reported toxicity or significant adverse side effects.20,21 

Growing evidence has demonstrated a nephroprotective role 

for ALA; it improved histological lesions, ameliorated renal 

oxidative stress and inflammatory markers, and lowered the 

increase in serum creatinine and urea in rats induced by 

different insults.22–25

The present study investigates the role of ALA as an 

EPO adjuvant in end stage renal disease patients undergo-

ing hemodialysis. It also examines its antioxidative, anti-

inflammatory effects, and its role in endothelial dysfunction. 

To our knowledge, this is the first study investigating ALA 

effect on anemia management.

Patient and methods
This study was conducted at the outpatient dialysis unit of 

Mansoura University’s Urology and Nephrology Centre. 

Forty-four end stage renal disease patients undergoing 

maintenance hemodialysis were randomly assigned to two 

groups of 22 patients each. Twenty-two patients comprised 

the treatment group and were given ALA (Thiotacid; EVA 

Pharma, Cairo, Egypt) 600 mg once daily (after hemodialysis 

sessions in days of dialysis), whereas the other 22 patients 

served as the control group. The clinical study was in accor-

dance with the principles of the Declaration of Helsinki. It 

was approved by Mansoura University’s Medical Research 

Ethics Committee, and the patients gave their consent after 

being informed about the nature of the study.

Patients were anemic, were administered alpha recom-

binant human EPO (Epoetin; Sedico, Cairo, Egypt) as 

scheduled according to their needs, underwent hemodialysis 

three times weekly, and had adequate hemodialysis for at 

least 6 months using bicarbonate-based dialysate and poly-

sulfone membrane dialyzers. Patients with symptoms of 

active infections or acute inflammation, malignancy, active 

Hepatitis C virus infection (HCV) (as evidenced by elevated 

liver enzymes), or a history of recent surgery or significant 

blood loss were excluded. Complete disease and drug histo-

ries and other relevant biodata were taken for all the patients. 

A summary of baseline data is presented in Table 1.

Blood samples used for determination of study param-

eters were collected during appointments that were sched-

uled by the dialysis unit for routine patients’ examinations. 

They were collected prior to the second session of the week 

at the start and at the end of the 3-month study period. Non 

lipemic or hemolytic samples were immediately placed on 

ice. Plasma samples were mixed with (ethylenediaminetet-

raacetic acid) EDTA, centrifuged at 1000 g for 15 minutes, 

and aliquots were stored at -80°C till assay. They were used 

for determination of asymmetric dimethylarginine (ADMA), 

interleukin-6 (IL-6), tumor necrosis factor alpha (TNF-α), 

and oxidized low-density lipoprotein (ox-LDL). Serum 

samples were also stored at –80ºC for determination of 

malondialdehyde (MDA) and ferritin; other serum samples 

were used for the remaining assays and kept at 2°C–8°C 

and used instantly.

Table 1 Baseline characteristics of the treatment and control 
groups

Treatment group  
(n = 22)

Control group  
(n = 22)

age (years) 49.1 ± 16.2 46.2 ± 14.4
sex (female/male) 10/12 10/12
smokers 3 3
Patients with diabetes mellitus 7 3
Patients with hcV 16 16
Time on dialysis (year) 6.6 ± 4.3 8.8 ± 6.3
iPTh (pg/ml) 647.9 ± 583.3 464.5 ± 505.8

Note: Values expressed as mean ± sD.
Abbreviations: hcV, Hepatitis C virus; iPTh, intact parathyroid hormone; 
sD, standard deviation.
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ADMA was determined by the use of enzyme linked 

immunoassays (Immunodiagnostik AG, Bensheim, 

 Germany) according to manufacturer directions; the same 

was done for ox-LDL (Immunodiagnostik AG), IL-6 (R&D 

Systems,  Minneapolis, MN, USA), TNF-α (R&D Systems, 

USA), and ferritin (Monobind Inc, Lake Forest, CA, USA). 

A Biotek ELx800 (BioTek Instruments, Inc, Winooski, VT, 

USA) was used to read ELISA assays. MDA was determined 

using the thiobarbituric acid reactive substances method; 

0.5 mL of serum was mixed with 2.5 mL 20% trichloroacetic 

acid and 1 mL of 0.67% thiobarbituric acid. The mixture was 

incubated in a boiling water bath for 45 minutes, followed 

by cooling in tap water. Samples were mixed, shaken with 

4 mL butanol and centrifuged to facilitate separation of lay-

ers. The upper red-colored butanol phase was separated and 

quantified spectrophotometrically at 535 nm.  Malonaldehyde 

bis(diethylacetal) (1,1,3,3 tetraethoxypropane) was used as 

standard (all reagents supplied by Sigma-Aldrich [St Louis, 

MO, USA]).26 Hemoglobin concentration was determined 

using Sysmex KX-21N hematology analyzer (Sysmex 

Corporation, Kobe, Japan). The EPO dose was estimated as 

the weekly dose requirements per patient, and EPO resistance 

index (ERI) was calculated as the ratio of the dose adjusted 

for body weight after a hemodialysis session, to hemoglobin 

concentration.27 Iron was determined by the chromazurol B 

method. Transferrin saturation (TSAT%) was calculated by 

dividing the serum iron concentration by the total iron bind-

ing capacity and multiplying the result by 100, to obtain a 

percentage. Other laboratory parameters were measured via 

their routine methods.

statistics
The data was presented as mean ± standard deviation (SD). 

The Kolmogorov–Smirnov test was used to test normality of 

data distribution. Groups at baseline were compared using 

Student’s t-test or Mann–Whitney U-test as  appropriate. 

Paired t-test or Wilcoxon signed-ranks test was used to 

 compare values within each group at baseline and at the end 

of the 3-month study. Chi-square test was used for compar-

ing categorical values. Univariate analysis using Spearman’s 

correlation test and analysis of covariance were performed to 

test possible baseline factors that could confound ERI results. 

Statistical Package for Social Sciences (SPSS version 20; 

IBM Corporation, Armonk, NY, USA) for Windows was 

used. P , 0.05 was considered statistically significant.

Results
Nine patients were withdrawn from the original random-

ized sample of 53 patients; four patients from the treatment 

group and five from the control group. Two patients were in 

the treatment group and withdrawn due to gastrointestinal 

side effects, one patient suffered from hemorrhoids, and 

another patient underwent surgery to fix a fracture in her 

lumbar spine; additionally, two patients received transplants 

and three others were hospitalized for recurrent infections. 

 Treatment group patients who completed the assigned treat-

ment periods displayed 85% compliance.

There was no significant difference between the treat-

ment and control groups regarding baseline characteristics 

(Table 1) and laboratory parameters. Additionally, there were 

no changes in laboratory parameters by the end of the study in 

both treatment and control groups (Table 2). The changes 

in hemoglobin concentration, EPO doses, ERI, and iron 

indices are summarized in Table 3. There was no significant 

difference in the baseline values between the treatment and 

control groups. There were significant changes in the treat-

ment group by the end of the study in EPO doses and ERI, 

whereas there were no significant changes in these values for 

the control group. There was no significant change between 

baseline and end of study in both treatment and control groups 

for hemoglobin concentration, serum iron, total iron binding 

capacity (TIBC), TSAT%, and ferritin.

The changes in MDA, ox-LDL, IL-6, TNF-α, and 

ADMA are summarized in Table 4. There was no significant 

Table 2 changes in laboratory markers in treatment and control groups

Treatment group,  
baseline

End of the study 
(n = 22)

Control group,  
baseline

End of the study 
(n = 22)

serum phosphorous (mg/dl) 5.0 ± 1.2 5.2 ± 1.2 5.3 ± 2.0 5.3 ± 1.7
serum calcium (mg/dl) 9.4 ± 0.6 9.4 ± 0.8 9.5 ± 0.6 9.2 ± 0.7
serum albumin (g/dl) 4.2 ± 0.6 4.4 ± 0.4 4.6 ± 0.9 4.5 ± 0.4
serum creatinine (mg/dl) 9.8 ± 2.4 8.9 ± 2.7 10.2 ± 2.6 9.2 ± 2.6
serum blood urea nitrogen (mg/dl) 65.97 ± 13.43 60.36 ± 10.21 74.38 ± 15.39 67.51 ± 11.10
Kt/V 1.4 ± 0.2 1.5 ± 0.2 1.4 ± 0.3 1.4 ± 0.3

Note: Values expressed as mean ± sD.
Abbreviation: sD, standard deviation.
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Table 3 changes in anemia control measures in treatment and control groups

Treatment group,  
baseline

End of the study 
(n = 22)

Control group,  
baseline

End of the study 
(n = 22)

hb concentration (g/dl) 10.85 ± 1.31 11.25 ± 1.1 11.05 ± 0.74 11.43 ± 0.9
erythropoietin doses (IU/week) 6363.64 ± 3244.71 5000.00a ± 2943.92 5727.27 ± 3224.63 4681.82 ± 3045.47
erythropoietin resistance index  
(IU/kg per week per g / dl)

9.93 ± 7.35 7.46a ± 5.59 8.23 ± 4.84 6.62 ± 4.31

serum iron (μg / dl) 76.09 ± 17.15 78.02 ± 34.65 88.38 ± 44.78 86.75 ± 32.64
Total iron binding capacity (TIBc) (μg / dl) 324.2 ± 107.9 280.5 ± 117.7 325.9 ± 88.6 311.1 ± 112.0
Transferrin saturation (TsaT) (%) 26.53 ± 11.87 29.87 ± 11.34 27.54 ± 10.59 30.02 ± 12.29
Ferritin (ng/ml) 563.60 ± 351.96 536.64 ± 310.16 706.46 ± 451.30 641.05 ± 393.06

Notes: Values expressed as mean ± sD. aP , 0.05 compared with baseline.
Abbreviations: hb, hemoglobin; IU, international units; TIBc, total iron binding capacity; TsaT, transferrin saturation; sD, standard deviation.

Table 4 changes in biochemical parameters in treatment and control groups

Treatment group,  
baseline

End of the study 
(n = 22)

Control group,  
baseline

End of the study 
(n = 22)

Malondialdehyde (μM) 5.55 ± 2.01 5.61 ± 1.55 5.09 ± 1.98 5.48 ± 1.63
Oxidized lDl (ng/ml) 163.17 ± 83.10 162.34 ± 82.80 148.86 ± 85.55 135.18 ± 99.34
Interleukin-6 (pg/ml) 27.68 ± 15.24 24.83 ± 15.74 23.07 ± 19.49 23.38 ± 18.87
Transforming growth factor-α (pg/ml) 17.40 ± 7.74 19.00 ± 7.62 15.51 ± 7.98 17.64 ± 7.11
asymmetric dimethylarginine (μM) 0.592 ± 0.258 0.642 ± 0.353 0.609 ± 0.255 0.681 ± 0.302

Note: Values expressed as mean ± sD.
Abbreviations: lDl, low-density lipoprotein; sD, standard deviation.

difference in the baseline parameters between the treatment 

and control groups. There was no significant change between 

baseline and end of study in both treatment and control 

groups in MDA, ox-LDL, IL-6, TNF-α, and ADMA.

An analysis for a number of parameters was done for 

the sub-group of patients with no HCV (12 patients, six 

in each group). The findings of these selected parameters 

were that there was no significant difference in baseline 

parameters between the treatment and control groups. The 

change in hemoglobin concentration by the end of the study 

was not significant in both treatment and control groups, 

from 10.58 ± 1.26 to 11.43 ± 0.91 g/dL and 11.08 ± 0.78 to 

11.27 ± 1.11 g/dL, respectively. The changes in EPO doses 

and ERI in the treated group were from 7000 ± 3033.15 

to 5000 ± 4335.9 IU/week (P = 0.06) and 11.32 ± 8.49 

to 7.45 ± 7.48 (P , 0.05), respectively. In contrast, the 

changes in EPO doses and ERI in the control group were 

not significant (6000 ± 4000 to 5000 ± 3033.15 IU/week 

and 9.67 ± 7.71 to 7.64 ± 5.34 IU/kg per week per g/dL, 

respectively).

Univariate analysis revealed no correlation between ERI 

results and age, sex, smoking status, time on dialysis, intact 

parathyroid hormone (iPTH) values, presence of diabetes 

mellitus (DM), presence of HCV, and Kt/V. Only baseline 

ERI values were correlated with ERI results (r = 0.79, 

P , 0.001). Analysis of covariance found no effect for all 

these covariates.

Discussion
The present study showed no effects of ALA either on mark-

ers of oxidative stress MDA and ox-LDL, or inflammatory 

markers IL-6 and TNF-α. This was in line with a previous 

study in which ALA did not affect the inflammatory marker 

high-sensitivity C-reactive protein (HsCRP), nor did it reduce 

ox-LDL in hemodialysis patients.28

Lack of measurable effect in hemodialysis patients may be 

attributed to the fact that ALA acts indirectly to augment other 

endogenous antioxidants; it improves levels of ascorbic acid, 

glutathione, alpha-tocopherol, and coenzyme Q
10

, enhancing 

uptake from the blood, by inducing their synthesis, or by 

regenerating the reduced form.20,21  Hemodialysis is a case of 

excessively depleted antioxidant status, limiting ALA’s ability 

to perform its complete antioxidative role; in line with this is 

the suggestion raised in the SPACE study – one of the very 

few studies with positive effect upon oral administration of 

vitamin E in hemodialysis patients – that this positive effect 

may be due to the coadministration of ascorbic acid, which 

is capable of maintaining vitamin E in a reduced state.10

The relatively small sample size of the study may hinder 

beneficial effects in this complicated population; the study 
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group had multiple different confounding conditions, includ-

ing smoking, inability to rule out low/high hemoglobin or 

iron deficiency/overload in the patients at all the time points, 

and comorbidities such as DM and HCV. A large-scale study 

could reveal beneficial differences or at least allow control-

ling for some of these confounders.

One of the most important nontraditional cardiovascular 

risk factors that explains the high prevalence of  cardiovascular 

complications in patients with chronic renal failure is elevated 

ADMA. ADMA is the one of the most endogenous inhibitors 

of nitric oxide synthase (NOS), which produces nitric oxide 

(NO), thus resulting in endothelial complications. ADMA 

is not only an active mediator of various cardiovascular 

complications,29,30 it has also been found to predict progres-

sive deterioration of renal function and cardiovascular events 

in different stages of chronic kidney disease.31,32

In cultured endothelial cells, ALA decreased ADMA con-

centration; it enhances activity of the ADMA-metabolizing 

enzyme dimethylarginine dimethylaminohydrolase (DDHA) 

and gene expression.33 However, in the present study ALA 

did not exert an effect on ADMA. This contrasts with other 

studies of type 2 DM patients34 and hemodialysis patients.28 

Patients in these studies were all diabetics, whereas in the 

present study only a segment of the study population were 

diabetics. ALA may act selectively on those patients through 

antidiabetic mechanisms. ALA mimics insulin-induced glu-

cose handling at the cellular level.35 It improves glycemic 

control in type 2 diabetic patients.36 This may be why ALA 

has enhanced efficacy in a wide array of clinical effects in 

the diabetes field. In diabetic rat kidney, ALA attenuated 

albuminuria, glomerulosclerosis, and tubulointerstitial fibro-

sis, and lowered renal expression of transforming growth 

factor-β1 (TGF-β1) and inducible NOS (iNOS).24,25 It attenu-

ated markers of oxidative stress and inflammation in patients 

with diabetic overt nephropathy.37 It improved endothelial 

dysfunction in subjects with impaired fasting glucose38 

and in patients with type 2 diabetes,39 and preserved their 

renal function by inhibiting progressive increase of urinary 

albumin excretion.40 ALA also has a well-established role in 

management of diabetic neuropathy, a role which is based 

on compiled studies and which has been proven to be a safe 

and effective practice.41

In vivo studies have shown that EPO provides endothelial 

protection, which is found to be mediated via activation of 

NOS,42 thus antagonizing the effects of ADMA. In addition, 

EPO is known to have both a direct and indirect antioxidative 

role through recruitment of iron in red blood cell production 

(thus depleting body iron) and by increasing the number of 

new erythrocytes which are loaded with antioxidants.43 The 

reduction in EPO doses noticed by the end of the present 

study in the ALA-treated group may have attenuated the 

beneficial effect on ADMA level and oxidative stress mark-

ers, and, as a result, inflammatory markers.

Patients in the present study were in general considered 

iron replete and did not show iron deficiency as revealed 

by their iron indices. ALA resulted in no effect on iron, 

ferritin, and TSAT%. In general, patients were considered 

non-anemic, with few hemoglobin readings below 10.5 g/dL. 

ALA resulted in no effect on hemoglobin and hematocrit 

values; in contrast, it significantly reduced required EPO 

doses and ERI.

ERI response was not found to be related to age, sex, 

smoking status, time on dialysis, iPTH values, presence 

of DM, presence of HCV, and Kt/V; it was found to be 

related to only baseline ERI values. Analysis of covariance 

found no effect for all these covariates. These findings, 

however, should be expressed cautiously due to the small 

sample size.

One of the limitations of the present study is that it 

did not provide evidence of either the antioxidative or the 

anti-inflammatory effects of ALA; thus, the mechanism by 

which it improved anemia remains speculative. At first, it 

is worth noting that there is no evidence to support the use 

of a definitive biomarker, and a panel of different oxida-

tive stress markers may be required to adequately assess 

the antioxidative effect of ALA. Trials investigating the 

antioxidants in hemodialysis patients have yielded contra-

dictive outcomes. Moreover, the use of some antioxidants 

affected biomarkers differentially in the same study. For 

example, coenzyme Q
10

 suppressed advanced oxidation 

protein products, whereas it had no effect on MDA.44 

Secondly, factors related to red blood cells have been sug-

gested to contribute to the underlying mechanisms by which 

anemia occurs. The main erythrocyte metabolic pathway 

“hexosemonophosphate (HMP)” cycle and glucose-6-

phosphate dehydrogenase (G-6-PDH), a key enzyme of the 

HMP cycle, show decreased activity in patients undergoing 

regular hemodialysis. The HMP cycle plays a significant 

role in red blood cell antioxidant reactions because it is 

the only source of NADPH (reduced nicotinamide adenine 

dinucleotide phosphate). This compound is indispensable 

in the process of restoring reduced glutathione (GSH). The 

GSH system is one of the major scavengers of activated 

oxygen species in erythrocytes. Reduced antioxidant 

defense mechanisms in the erythrocyte leads to increased 

peroxidation of the polyunsaturated fatty acids (PUFA) in 
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red blood cell membranes and increased susceptibility to 

damage, resulting in hemolysis and a reduction of erythro-

cyte life span.45,46 Hemodialysis patients have been found to 

have low levels of erythrocyte GSH, which is correlated to 

low G-6-PDH activities,47 and administration of exogenous 

glutathione to hemodialysis patients increased red blood 

cell GSH content, increased red blood cell survival, and 

reduced EPO need. This improvement was not accompa-

nied by decreased oxidative stress indicator MDA.48 ALA 

is capable of regenerating other endogenous antioxidants 

such as GSH. Investigating erythrocyte G-6-PDH and GSH 

may provide the exact targets of ALA effects. This has 

been proven in diabetic rats, where ALA administration 

preserved the structural and functional integrity of red 

blood cells by increasing the red blood cell activities of 

antioxidant enzymes and of reduced GSH.49 Thirdly, the 

use of the nonspecific inflammatory marker HsCRP may 

yield positive results as found in a previous study.50 Lastly, 

one could not rule out the presence of other mechanisms 

mediating ALA lowering effect of EPO.

Some studies have reported lowered levels of anemia in 

hemodialysis patients with HCV when compared with no 

HCV. They found that HCV patients had better hemoglobin 

values and demanded less EPO doses than age-, gender- and 

race-matched HCV-free patients.51,52 Bearing in mind that 

minor production of endogenous EPO comes from a healthy 

liver,53 it was hypothesized that the chronic inflammation as 

a result of HCV infection or regenerating liver cells cause 

increased circulation of EPO released from hepatocytes. 

HCV patients constituted a high proportion of the present 

study population, and hence may impact the outcome results 

(HCV has a high prevalence in the general population in 

Egypt, which is increased further in susceptible groups such 

as hemodialysis patients). If the previous observation applies, 

then these patients already have an inherently improved 

response to exogenous EPO, and any beneficial change, even 

mild and unnoticed (provided by the antioxidant effect of 

ALA), would have amplified responses. To examine such an 

assumption, an analysis for the subgroup of patients with no 

HCV was done. In the treated group, the reduction in EPO 

doses showed a trend toward significance and the reduction 

in ERI was significant; in contrast, in the control group both 

parameters showed insignificant changes. Although small, 

this subgroup revealed favorable outcomes that clearly 

confirmed the role of ALA in anemia management, in both 

HCV-positive and HCV-negative hemodialysis patients. This 

was also demonstrated by the lack of effect HCV had on ERI 

results when analyzed as a covariate. 

Conclusion
The study provided evidence for the use of ALA as an EPO 

adjuvant, reducing the requirement for EPO; this reduction 

not only offers economic advantages, it more importantly 

would protect against the proposed harmful effect of high 

EPO doses.
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