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Abstract

Background - Gamma-glutamyl transferase (GGT) is routinely used as a highly sen-
sitive marker of hepatobiliary disease, alcohol consumption and more recently as 
predictive biomarker of cardiovascular events. In current practice, laboratories 
measure the GGT activity on tube containing lithium heparin. Except that there is 
no evidence that GGT activity can be reliably determined with this anticoagulant. 
The purpose of this study is to evaluate the impact of the anticoagulant on the 
determination the GGT activity in blood samples.

Methods - Blood samples of 30 patients were collected in three types of tubes: 
dry tube, tube containing lithium heparinate and another containing dipotassium 
ethylene diamine tetraacetate (K2-EDTA). The statistical analysis includes correla-
tion studies, Bland Altman’s analysis, as well as the comparison of biases to analyti-
cal change limit (ACL) and reference change value (RCV).

Results - Results obtained on heparinized plasma are globally overestimated com-
paratively to the serum (p=0.001). Whereas, the results obtained on EDTA plasma 
are more comparable to those of serum (p=0.356). Taking the dry tube as a refe-
rence, the calculated bias for heparinized plasma (+49.55%) samples is larger than 
the ACL (5.24%) and the RCV (37.52%). For EDTA plasma samples, this bias (-13.40%) 
is lower than RCV, but higher than ACL.

Conclusion - Our results show that the determination of GGT activity must be done 
on serum samples. If ever plasma should be used, we recommend collecting speci-
mens on EDTA anticoagulant.

Articles  originaux
Journal de la Faculté de Médecine d’Oran

Jfmo

Article original



Mustapha ZENDJABIL , Ismahene RIKAI , Ghizlene BENHAMED 

372 JFMO : N°5, Décembre 2018

MOTS CLÉS

Gamma glutamyl 
transférase; variables 
pré-analytiques; in-
fluence des anticoa-
gulants; héparinate de 
Lithium.

Résumé

Introduction - La gamma-glutamyl transférase (GGT) est couramment utilisée 
comme marqueur très sensible des maladies hépatobiliaires, de la consommation 
d’alcool et  plus récemment, comme biomarqueur prédictif d’événements cardio-
vasculaires. Dans la pratique actuelle, les laboratoires mesurent l’activité de la GGT 
sur un tube contenant de l’héparinate de lithium. Sauf qu’il n’y a aucune preuve que 
l’activité de la GGT puisse être déterminée de manière fiable avec cet anticoagulant. 
Le but de cette étude est d’évaluer l’impact de l’anticoagulant sur la détermination 
de l’activité de la GGT au niveau sanguin.

Matériel et méthodes - Des échantillons sanguins de 30 patients ont été recueillis 
sur trois types de tubes: un tube sec, un tube contenant de l’héparinate de lithium 
et un autre contenant de l’éthylène diamine tétraacétate de dipotassium (K2-EDTA). 
L’analyse statistique comprend des études de corrélation, l’analyse de Bland Altman, 
ainsi que la comparaison des biais avec la limite de changement analytique (LCA) et 
la valeur de changement de référence (VCR).

Résultats - Les résultats obtenus sur les plasmas héparinés sont globalement suresti-
més comparativement au sérum (p = 0.001). Tandis que les résultats obtenus sur les 
plasmas EDTA sont plus comparables à ceux du sérum (p = 0.356). En prenant le tube 
sec comme référence, le biais calculé pour les échantillons de plasmas héparinés (+ 
49.55%) est plus élevé que la LCA (5.24%) et la VCR (37.52%). En ce qui concerne le 
K2-EDTA, ce biais (-13.40%) est inférieur à la VCR, mais supérieur à la LCA.

Conclusion - Nos résultats montrent que la détermination de l’activité de la GGT 
doit être effectuée sur des échantillons sériques de préférence. Si jamais du plasma 
devait être utilisé, nous recommandons d’utiliser l’EDTA comme anticoagulant.

Introduction

The control of pre-analytical variables is crucial to ensure 
quality of laboratory testing. In fact, errors that occur du-
ring this phase can represent 75% of all errors encountered 
in the laboratory [1]; 26% of them can have adverse effects 
on the patient’s management such as the prescription of un-
necessary examinations or increase in the length of hospita-
lization. On the one hand, due to advances in automation, 
and on the other hand, to quality control assessment, errors 
in the analytical phase have become very low [2]. However, 
the quality control serum does not allow the evaluation of 
pre-analytical variables and in current practice, laboratories 
measure the parameters of general biochemistry on a single 
tube containing lithium heparin. This simplifies the organi-
zation of the laboratory. Except that, there is no evidence 
that each of these parameters can be reliably determined 
with this anticoagulant. 

Gamma-glutamyl transferase (GGT) (EC. 2.3.2.2) catalyzes 
the first step in the degradation of extracellular glutathione 
(GSH), allowing for the precursor amino acids to be used for 
intracellular GSH synthesis. Moreover, GGT favors the cellu-

lar supply of GSH, which, is an important antioxidant of the 
cell [3]. The GGT is especially active in the liver, proximal 
renal tubule, pancreas, and intestine, but most of the circu-
lating activity in healthy individuals is of hepatic origin [4]. 
So, the GGT is routinely used as a highly sensitive marker of 
hepatobiliary disease and alcohol consumption [5]. More re-
cently, the GGT was described as an independent cardiovas-
cular risk factor and could serve as a predictive biomarker 
for cardiovascular events such as stroke risk [6,7]. The pur-
pose of this study is to evaluate the impact of anticoagulant 
on the determination of GGT activity in blood samples.

Material and methods

1. Blood collection

The study was conducted at the laboratory of Front de Mer 
in Oran (Algeria) during April 2018. We randomly selected 
samples from thirteen patients. For each of these patients, 
blood samples were collected in three types of tubes, accor-
ding to the nature of the anticoagulant: dry tube, lithium 
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heparinate tube and dipotassium ethylene diamine tetraa-
cetate (K2-EDTA) tube. For obvious ethical reasons, we se-
lected samples from patients who had to have blood samples 
collected on all three types of tubes for performing other 
biological tests requested by attending physicians. So no ad-
ditional samples were taken. Lipemic, hemolysed or icteric 
samples were excluded from our research. The blood spe-
cimens were collected on fasting subjects at the morning 
between 8:00 am and 9:30 am by the same sampler. Then, 
the samples are centrifuged at 2700 g / min for 10 min on 
the centrifuge Rotofix 32A Hettich®, with a delay of one 
hour and half for the dry tubes without gel separator. Whe-
reas, the centrifugation of heparinized and K2-EDTA tubes is 
carried out within one hour of sampling.

2. Instrumentation and GGT activity measurement 

The Determination of GGT activity was performed on the 
clinical chemistry analyzer HumaStar 80® (Human Diagnos-
tics®, Germany). We use Biosystem® reagents; the principle 
of the method is as follows: GGT catalyzes the transfer of 
the γ-glutamyl group from γ-glutamyl-3- carboxy-4-nitroa-
nilide to glycylglycine, liberating 3-carboxy-4-nitroaniline. 
The catalytic concentration is determined from the rate 
of 3-carboxy-4-nitroaniline formation at 405 nm in kinetic 
mode [8]. 

γ–Glutamyl–3–carboxy–4– nitroanilide + Glycylglycine                                                                    
γ–Glutamyl–glycylglycine +3–carboxy–4nitroaniline Calibra-
tions and quality control are carried out according to the 
supplier’s recommendations.

3. Statistical analysis

We studied the correlation between the measurements 
obtained for the three types of tubes, as well as realize a 
Bland-Altman analysis. Then, the bias is calculated accor-
ding to the following formula: Bias (%) = 100 * (the average 
- the reference average) / the reference average. The serum 
was taken as reference.

The bias obtained was compared to analytical change limit 
(ACL). The ACL represents the maximum analytic variation 
makes it possible to interpret a measured difference based 
on the coefficients of variation (CVa), using the following 
formula: ACL = 1.96 × √2 × CVa [9]. The CVa was calculated 
from the quality control values collected over a six-month 
period. The term « 1.96 » represents the standard deviation 
corresponding to the level of statistical significance for a 
bidirectional change (1.96 = 95%) and √2 denotes the proba-
bility of a bidirectional change. 

In addition, we compared the bias to the reference change 

value (RCV), which incorporates the acceptable inaccuracy 
based on the intra-individual biological variation and the 
laboratory-related factors (analytical variables) [10]. This 
value appears as the maximum biological variation that can 
be tolerated. It is calculated according to the following for-
mula: RCV = 1, 96 × √2 × √CVa2 + CVw2 [11,12]. The CVw 
represents the intra-individual variability that was derived 
from the enumeration of biological variation for 316 analytes 
by Ricos et al. [13]. The difference will be considered signi-
ficant if the absolute value of the average bias exceeds the 
calculated limits of the ACL and the RCV. 

Statistical treatments were carried out using Excel® Spread-
sheet while Bland-Altman analysis and t-test was realized 
using XLSTAT® software.

3. Results

The correlation between the results obtained in serum to 
those obtained in heparinized plasma provides a slope line a 
= 1.027 and y intercept b = -11.27 with a correlation coeffi-
cient r = 0.825 which reflects a good correlation between the 
two variables (Fig. 01). Moreover, the correlation between 
the results obtained in serum to those obtained in EDTA plas-
ma provides a straight line of slope a = 0.989, y intercept 
b = 3.007 and a correlation coefficient r = 0.861 which also 
reflects a good correlation between the two variables. 

Fig 1 : Graphical representation of correlation lines of the 
experimental results obtained for heparin and EDTA tubes 
comparing to drain tube.
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Bland Altman’s analysis (Figure 02 and Figure 03) shows that 
the results obtained on heparinized plasma are globally ove-
restimated relatively to the serum. Whereas, the results ob-
tained on EDTA plasma are comparable to those of serum 
with the exception of three values that are out of the limits.

Figure 2: Graphical representation of the results of 
Bland-Altman analysis obtained for GGT activity (The or-
dinate shows the difference between the value measured 
on heparinized plasma (Y) and the value measured on the 
serum (X). The abscissa shows the average of the mea-
surements).
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Figure 3: Graphical representation of the results of 
Bland-Altman analysis obtained for GGT activity (The 
ordinate shows the difference between the value mea-
sured on EDTA plasma (Y) and the value measured on the 
serum (X). The abscissa shows the average of the mea-
surements).
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The t-test confirms these observations (Table 1 and Table 
2) with a significant difference (p = 0.001) between the de-
termination of the GGT activity on lithium heparinate tubes 
compared to the dry tubes. 

While, there is no significant difference with the tubes 
containing EDTA (p = 0.356).

Table 1: Experimental results obtained for the three types 
of samples.

Table 2: Comparison between the GGT activity results 
obtained on heparinized plasma and EDTA compared to 
serum.

 Comparison 
 

Bias (%) p-value CVa (%) CVw (%) ACL (%) RCV (%) 

Heparin vs 
plain tube 

 

+49.55 0.001  
 

1.921 

 
 

13.40 

 
 

5.24 

 
 

37.52 
EDTA vs 

plain tube 
-13.40 0.356 

 

Taking the dry tube as a reference, the calculated bias for 
heparinized plasma samples is larger than the ACL and the 
RCV. For EDTA plasma samples, this bias is lower than the 
RCV, but higher than the ACL.

Discussion

GGT is an enzyme commonly measured in medical analysis 
laboratories. However, there are no studies that suggest 
if other tubes than the dry tube can be used. In addition, 
the recommendations of suppliers found on the flyers of 
reagents are different. Thus, for the same assay method, 
some suppliers advocate the use of serum only. While others 
mention the possibility of using heparinized plasma. For 
example, in the Biosystem® reagent prospectus, it has men-
tioned the possibility of measuring GGT in the three types 
of samples interchangeably. Conversely, Pointe Scientific® 
reagents recommend the serum only and Beckman Coulter® 
recommends serum samples and the plasma collected on 
EDTA tube.

The results of this study show that the collection of blood 
samples should not be done with tubes containing lithium 
heparin which leads to an overestimation of the results. 
This interference with heparin can be explained by turbi-

 Tube Number of 
samples (n) 

Minimal value 
(UI/l) 

Maximal value 
(UI/l) 

Mean (UI/l) Standard 
deviation 

(UI/l) 
Plain tube : no 
anticoagulant 

 
 

30 

5.34 65.37 21.05 12.13 

Lithium 
Heparin 
anticoagulant 

15.03 69.06 31.48 10.74 

EDTA 
anticoagulant 

9.00 66.93 18.23 11.38 
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dity production in the reaction mixture [14]. The compa-
rison between the determination of GGT activity in Wistar 
rat serum, heparinized plasma and serum supplemented 
with heparin showed GGT activities of 45.1 ± 9.5 U/l (mean 
± SD), 161.2 ± 46.1 U/l, and 93.3 ± 30.9 U/l respectively 
[15]. In human samples, very little data exist with conflicting 
results; some report show an overestimate of results [16], 
while others find an underestimate [17]. In addition, these 
studies use older analyses with lower sample number.

The results obtained on EDTA assay are more comparable to 
those obtained on serum except that the bias is higher than 
the RCV. Therefore, we recommend excluding this anticoa-
gulant except some emergencies situations, where we take 
a single tube for others tests as blood count formula to offer 
a better patient care. Other types of anticoagulants are not 
evaluated in this study because citrate, oxalate, and fluoride 
are known to give GGT values 15% lower than those obtained 
from serum [18]. On the other hand, it would be interesting 
to evaluate the influence of separator gels on the determi-
nation of GGT activity.

Conclusion

To our knowledge, this is the first study to investigate the in-
fluence of the nature of anticoagulant on the determination 
of GGT activity in human blood samples. The GGT activity 
determination must be done on serum samples. If ever plas-
ma should be used, we recommend collecting specimens on 
EDTA anticoagulant. Note, however, that it would be inte-
resting to verify these results on a larger number of samples 
with more pathological values. In addition, we advise the 
biologists to be vigilant by checking also the influence of 
the anticoagulant on the results of other biochemical pa-
rameters in order to satisfy the requirements of the norm 
ISO 15189.

Conflicts of interest : None.
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