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Original Research Article 
 

Electrophoretic patterns of serum proteins in a chronic 

hemodialysis population 

 
 
 
Abstract: 
 
Objective: This study aimed to explore the benefit of monitoring patients on 
maintenance hemodialysis with serum protein electrophoresis (SPE) as a low-cost 
biologic test. 
Patients and methods: It is a mono-center retrospective study, conducted between 
January 2017 and December 2020 among 100 patients at maintenance 
hemodialysis.  
The patients' blood was collected after the hemodialysis session, and was analyzed 
for various biological tests. the electrophoresis of serum proteins was analyzed by 
the capillarys system from Sebia. 
 

Results: Serum protein electrophoresis was normal in 36% of cases, showed an 
inflammatory syndrome in 24% of cases, hypergammaglobulinemia in 19% of 
patients, severe malnutrition profile in 13% of patients, anemic profile (8%) and 
nephrotic profile in 5% of cases. 
The combined analysis of anthropometric parametrs, CRP, total cholesterol, 
albumin and serum protein electrophoresis results diagnose the complex 
inflammation malnutrition in 18% of patients. 
The presence of an inflammatory syndrome at the SPE was associated with a 
positive CRP in 65% of cases (p = 0.002). The mean value of Albumin (g/l) with 

biochemical assay (bromocresol green method) is 39,83,83 versus 38,544,59 
obtained with electrophoretic measurement. The discrepancy was observed more 
in the low concentrations of albumin (20 patients presented hypoalbuminemia in 
the SPE method versus 9% in the BCG method). 
 
Conclusion: Serum protein electrophoresis is an inexpensive biological test that 
allows monitoring of protein metabolism in chronic hemodialysis 
patients. The diagnosis of inflammation and malnutrition sometimes lacks 
sensitivity or specificity, but the SPE is the test of choice for the diagnosis of 
monoclonal gammapathy. 
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Introduction: 
 
The prevalence  of chronic kidney disease CKD is estimated to be 8–16% worldwide 
[1], with about 2 millions currently treated with hemodialysis (HD) [2]. 
Unfortunately, despite the technical advances in hemodialysis, the mortality of 
patients with end-stage renal disease (ESRD) is 10 to 30 times higher than that of 
the general population [3]. 
 
Protein-energy wasting (PEW) is a common complication of CKD and is thought to 
contribute to the high rates of morbidity and mortality observed in this 
population[4]. In fact, HD induces inadequate nutritional intake because of 
the decreased appetite and the increased dietary restrictions, thereby the 
persistent inflammation reduces the synthesis and half-life of serum albumin [5,6]. 
It is accepted now that  malnutrition and inflammation occurs concomitantly, and 
researchers often use the term malnutrition-inflammation complex (MIC) to 
designate the combination of these two conditions in this population [7]. 
 
The biological monitoring of dialyzed patients aims to prevent the various 
complications arising from blood dialysis. In addition to other complications such as 
nutritional, hematologic, cardiovascular, and infectious problems [8]. 
 
Serum protein electrophoresis (SPE) is commonly used in CKD, it allows the 
qualitative evaluation of serum proteins and provides valuable information about 
their metabolism. 
SPE can lead to the etiologic diagnosis by detecting monoclonal gammopathy 
which are frequently complicated by renal failure. Such as cast nephropathy, 
Randall’s disease or amyloidosis or to explore an associated inflammatory 
syndrome [9]. 
 
This study aimed to explore the benefit of monitoring patients on maintenance 
hemodialysis with serum protein electrophoresis as a low-cost biologic test. 
 

Patients and methods: 
 
It is a mono-center retrospective study, conducted between January 2014 and 
December 2017 among 100 patients undergoing hemodialysis at Atlas HD center in 
collaboration with the laboratory of biochemistry of military hospital Avicenna in 
Marrakech. 
Blood specimen was obtained from each participant after dialysis. Laboratory 
testing was performed to determine complete blood count (CBC), total protein, 
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albumin, C-reactive protein (CRP), ferritin, creatinine, urea, total cholesterol, 
Triglyceride, HDL, LDL, alanine transaminase (ALT), aspartate transaminase (AST), 
gamma glutamyl transferase (GGT), alkaline phosphatase (ALP) as well as 
serological detection of hepatitis C virus (HCV) and hepatitis B virus (HBV). 
 
Serum protein electrophoresis was performed on capillary electrophoresis system 
from Sebia at pH 8.6.  
 
we analyzed the data using SPSS software version 16.0. First, we performed a 
descriptive analysis of the sample as a whole; the quantitative variables were 
expressed as mean ± standard deviation, and the qualitative variables as 
frequencies and percentages. 
The association between categories is measured by the Chi square test and the 
significance threshold was set at 0,05. 
The imperative of informed consent was waived in light of the anonymous, 
retrospective, and observational character of this study. 
 
 

Results: 
 

This study comprised 100 patients, median age 53,13 years (13,22). The total of 
the 100 patients (46 men and 54 women) completed the measurement of all the 
parameters at the baseline. The patients suffered from the following comorbidities: 
hypertension (33%), diabetes mellitus (18%), polycystic kidney disease (12%). The 
etiology of renal failure is vascular nephropathy in 21% and diabetes in 18%. The 
demographic variables, anthropometric measurements and laboratory parameters 
of the study subjects are depicted in the Table 1, and the serum protein 
electrophoresis results are resumed in the Table 2. 
 
Table 1 : the demographic, clinic and biological characteristics of the patients. 

  Mean Max Min interquartile range Normal range 

Age (years) 53.13 6 83 13.22   

Age at start of HD 
(years) 50.44 6 78 14.05   

age of HD (months) 99.24 12 264 61.44   

BMI (Kg/M2) 24.46 15 37.77 5.52 20-25 

urea (mmol/l) 22.16 11.33 53.16 6.83 2.5-7.5 

creatinine (mmol/l) 918.31 1587.97 254.95 272.56 60-120 

albumin (g/l) 39.8 49.1 29 3.83 35-50 

cholesterol (mmol/l) 3.82 6.74 2.19 0.93 3.6-5.2 

triglyceride (mmol/l) 1.53 6.17 0.49 0.82 <1.7 

HDL (mmol/l) 0.98 2.17 0.49 0.31 >1.10 
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LDL (mmol/l) 2.19 4.31 0.9 0.74 1.6-4.4 

ASAT (UI/l) 16.34 210 0.3 24.33 <50 

ALAT (UI/l) 14.312 128 0.1 17.91 <65 

PAL (UI/l) 133.7 1015 10.6 134.2 35-104 

Hemoglobin (g/dl) 11.11 16.3 8.2 1.76 12-16 

CRP (mg/l) 9.03 85 0.25 14.32 <5 

ferritin (ng/l) 303.06 868 9 187.67 14-450 

 
 
 
 
Table 2 : results of serum protein electrophoresis: 

parameter SPE mean max Min interquartile range References 

Total proteins (g/l) 70.79 88 57 5.61 66-83 

Albumin   (g/l) 38.54 48.59 26.56 4.59 35-47.6 

Alpha 1 globulin (g/l) 2.62 6.3 1.05 0.96 2.10-4 

Alpha 2 globulin (g/l) 7.62 12.37 5.02 1.31 5.10-9 

Beta 1 globulin (g/l) 4.76 9.3 2.7 1.2 3.4-5.2 

Beta 2 globulin (g/l) 4.1 10.64 2.06 1.35 2.3-4.7 

Gammaglobulin (g/l) 13.4 23.66 7.69 3.27 7.00-14.00 

Ratio 
Albumin/Globulin 1.21 1.87 0.59 0.25 1.2-1.8 

 
 
Serum protein electrophoresis was normal in 36% of cases, showed an 
inflammatory syndrome in 24% of cases, hypergammaglobulinemia in 19% of 
patients and a severe malnutrition profile in 13% of cases, anemic profile (8%) and 
nephrotic profile in 5% of our patients. Figure 1  
 
 
 
 
 
Figure 1 : syndromic profile of serum protein electrophoresis results: 
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The presence of an inflammatory syndrome at the SPE was associated with a 
positive CRP in 65% of cases (p = 0.002). 

The mean value of albumin (g/l) is 38,544,59 in electrophoretic measurement 

versus 39,83,83 obtained with biochemical quantification (bromocresol green 
method). 
the combined analysis of BMI, CRP, total cholesterol, albumin and serum protein 
electrophoresis results diagnose the complex inflammation malnutrition in 18% of 
patients. 
 
The prevalence of positive hepatitis C serology in our series was 6% and that of 
hepatitis B was 2%. the 2 diagnoses were often associated with an inflammatory 
syndrome and hypergammaglobulinemia in 2 patients with positive HCV. 
There was no evidence of a monoclonal peak of gammaglobulins or 
dysgammaglobulinemia in any of the patients. 
 

Discussion: 
 
Protein metabolism is affected by chronic renal failure, regardless of its stage or 
the renal replacement therapy used (hemodialysis, peritoneal dialysis or renal 
transplantation). More than renal failure by itself, it is the conditions associated 
with it, primarily chronic inflammation, oxidative stress, uremia, metabolic acidosis 
and peripheral insulin resistance that led to catabolism and disturbances of protein 
metabolism [10]. 
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Serum protein electrophoresis is a qualitative or semi-quantitative method, 
employed mostly in order to diagnose monoclonal gammopathy.  Especially in the 
presence of renal failure that could be a direct consequence of the presence of an 
M component. 

To the best of our knowledge, this is the first study assessing the protein 
electrophoretic patterns in hemodialysis patients, and we were focused on the 
contribution of serum protein electrophoresis in the exploration of protein 
metabolism in chronic hemodialysis patients and the distribution of electrophoretic 
profiles in this patient population. 

Syndromic analysis of electrophoresis results showed that the inflammatory profile 
is the most prevalent in our hemodialysis population.  
 
CKD is characterized as a low-grade chronically inflamed state that has five 
progressive stages. In the first two stages, patients are asymptomatic, thus may go 
undiagnosed[11]. As the disease progresses, end-stage renal disease (ESRD) ensues 
in which one needs long-term dialysis or a kidney transplant [11,12]. This chronic 
low-grade inflammation is attributed to several factors which include increased 
production of proinflammatory cytokines, oxidative stress, chronic and recurrent 
infections, fluid overload, sodium overload, and gut dysbiosis[12,13]. 

Acute inflammation is characterized by the hepatic synthesis of proteins of the 

acute phase of inflammation, also called acute phase reactants. These are -1 

antitrypsin, -1 anti-chymotrypsin, and orosomucoid which are -1 globulins, 

ceruloplasmin, and haptoglobin that migrate into -2 globulin. when CRP, and 

complement constituents are -globulin[14]. 

The inflammatory electrophoretic profile in SPE is characterized by hyper -

globulinemia. When it associates  hypoalbuminemia, hyper -globulinemia and 

hyper -globulinemia with it, it testifies to the chronicity of the inflammatory 
phenomenon[14]. 

Detection of inflammation among adults with CKD is commonly identified by Tumor 
Necrosis Factor-alpha (TNFα), Interleukin-6 (IL-6) and C-reactive protein 
(CRP)[11,15]. CRP, especially, has been associated with an increased risk of 
cardiovascular disease, cardiovascular morbidity, and mortality risk in this 
population[3,8,13,15,16].  
Over half of adults with advanced stages (3–5) of CKD have elevated levels of CRP 
and the prevalence is even higher, at 35–65%, in adults undergoing chronic 
hemodialysis [6,17].  
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In our study, the prevalence of a positive CRP is 37%, while PSE shows an 
inflammatory electropherogram in 24% of cases. In fact, among patients with an 
inflammatory syndrome on SPE, 65% (n = 19) had a positive CRP. The concordance 
between the 2 biological tests is statistically significant. Nevertheless, the CRP is 
much more sensitive and easier to handle for the monitoring of inflammation in 
hemodialysis patients. 
The increase of CRP variate usually within the marginal zone between norm and 
pathology (3-10 mg/L),testifying the chronic low grade inflammation[18]. 
 
We diagnosed severe malnutrition in 13% of our patients. Several studies have 
evidenced malnutrition in 23%-76% of patients on hemodialysis (HD) and in 18%-
50% of patients on peritoneal dialysis [19].The wide variation in malnutrition 
prevalence in patients on HD may be attributed to the different assessment 
methods. Those methods could be subjective (clinical history and nutritional 
physical examination) or objective (anthropometry, biochemical exams, and 
bioelectrical impedance). 
 
The major sign of malnutrition is hypoalbuminemia. In our study, the mean value of 

albumin (g/l) is 38,544,59 in electrophoretic measurement versus 39,83,83 
obtained with biochemical quantification. This founds agrees with several authors 
who have found a difference of 0.5 to o.6 g/dl between the 2 methods, with a 
tendency for the bromocresol green dying method to find higher values than the 
electrophoresis method especially in low concentrations[20,21].  
 

Malnutrition among HD patients is attributed to several factors including limited 
dietary intake, dialysis-related nutrient loss, oxidative stress, metabolic acidosis, 
hyper-metabolism, and chronic inflammation-induced protein breakdown[6,22] 
The development of sarcopenia and cachexia in ESRD is both a consequence and a 
cause of systemic diseases. [18,23]. In fact, conventional cardiovascular risk factors 
such as hypercholesterolemia or hypertension do not strongly affect mortality in 
patients with CKD. However, low serum albumin, poor protein intake, and low BMI 
or weight loss are strong predictors of mortality in HD patients[24].  
 
Hypergamamglobulonemia is the result of non-specific plasma cell activation. It is 
often encountered during viral or bacterial infections, autoimmune conditions, or 
sometimes without determined reason [25]. 
 
In conclusion, SPE is an inexpensive biological test that allows a general assessment 
of protein metabolism in hemodialysis patients. Although the quantification of the 
different protein fractions is global, and lacks of precision. the syndromic study of 
the electropherograms gives precious information and allows a correct monitoring 
of the nutritional and inflammatory state of the patients. 
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