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Abstract 
Carbohydrate-deficient transferrin – CDT is currently the most 
specific biological marker for chronic alcohol consumption.

After 4 weeks of monitored abstinence, a population of 55 
alcoholic patients, admitted to the Centro Regional de Alcoologia 
in Lisbon for treatment and recovery, had significant decreases 
in their average levels of abnormal transferrin. Yet, at this stage, 
the values of this marker remained higher than the conventional 
reference levels, namely in heavy drinkers with viral hepatitis 
(HBV, HCV). These values became significantly lower than the 
traditional markers (AST/ALT/GGT) of abstinent heavy drinkers, 
particularly those with hepatitis. This reflects the better specificity 
of CDT for alcoholism/abstinence. The abnormal index values of  

 
iron status are also higher in heavy drinkers in the abstinence 
period, again particularly those with viral hepatitis infection, in 
comparison with the reference population. The evaluation of 
the critical transferring level is helpful, as it correlates with the 
isoforms induced by alcohol.

This data recommends the absolute need for determination 
of abnormal transferrin levels in heavy drinkers under monitored 
abstinence, which should be the indicated reference marker for 
the subsequent surveillance of alcohol abstinence.

Key words: alcoholism, abstinence, carbohydrate deficiency 
transferrin, iron status.
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medical treatment for reconversion to abstinence.12,13

Normal transferrin is glycoprotein that is synthesi-
zed and glycosylated in the hepatocytes and secreted 
by the liver. Ethanol and acetaldehyde lead to the 
induction of insaturation through a deficit in the 
incorporation of oligosaccharide radicals in the iron 
transport protein – transferrin -  in the Golgi complex, 
through a major reduction in the sialyltransferase 
activity, and by reinforcing the activity of the sialyda-
ses in the serum of the alcoholic patient.1,14-16 This 
immature form of transferrin acquires its detectable 
isoforms with persistent active alcohol consumption 
of about sixty grams/day for seven to ten consecutive 
days, reaching high levels of sensitivity and specificity, 
ranging from 70 to 80% and 90 to 95% respectively,1 
although there is no consensus on these levels. Since 
the half-life is about fifteen days,4 much shorter than 
that of the classic markers of alcoholism, it is useful 
in their relative interpretation.

The strongest feature of this test is its specificity, 
since few medical conditions that are easily detectable 
in clinical practice and not alcohol-related, yield false 
positives with low frequency, and it also seems to be 
independent of the nature of the liver disease and the 
severity of the liver damage.18-21,42 In a previous work, 
as in other series, the measurement of the absolute 
value of abnormal transferrin is influenced by the level 
of total serum transferrin, which is important in eva-

Introduction
Over the last ten years, the usefulness of the gradual 
introduction into clinical practice of measuring ab-
normal levels of serum transferrin (isoforms) induced 
by persistent consumption of alcohol1-3 has become 
more consistent, due to its higher sensitivity and bet-
ter specificity than the traditional biological indices 
(AST, ALT, GGT), and its promising predictive value 
in societies, like ours, with high frequencies of alcohol 
consumption.4-7 

Moreover, this parameter has recently been shown 
to be relevant in the monitoring of abstinence over 
time (individual reference cut-off) in alcoholic pa-
tients undergoing treatment,7-13 acting as an early in-
dicator of relapse (a return to drinking often precedes 
typical clinical symptoms by several weeks) and, the-
refore, as a useful guide in the timely intervention of 
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luating the iron status in the alcoholic patient.22-25,42

The present study aims to assess the behavior of 
abnormal serum transferrin in a chronic dependent 
user population, subject to controlled abstinence in 
an alcoholism treatment and recovery center.

Material and methods
The target population consisted of fifty-five patients 
(in random temporal order) hospitalized at the Centro 
Regional de Alcoologia de Lisboa (CRAL, Lisbon Re-
gional Center for Alcoholism) in the period 1996-97.

As part of the routine clinical and laboratory study, 
the patients, duly informed about the additional tests, 
had blood drawn on the date of admission (time 0) 
and again on the date of discharge (time 1) following 
four weeks of controlled abstinence. Multiple biologi-
cal variables for the study of the metabolic behavior 
of lipids, glucose, proteins, iron, and liver function, 
including the measurement of selective biological 
variables for the calculation of the PGA index (pro-
thrombin time + gamma-glutamyl transpeptidase + 
apolipoprotein A1), were considered, in addition to 
the quantification of serum carbohydrate deficient 
transferrin (CDT).

We used the first generation CDTect Pharmacia 
(Uppsala) test, with results expressed as absolute 
values, and the second generation AXIS % CDTria TIA 
(Oslo) test, which also includes the calculation of the 
transferrin ratio in the procedure, and expresses the 
results as percentages, involving asialo-, monosialo-, 
and disialo-transferrin forms in the prototype test, as 
well as trisialo-transferrin.   

All patients were screened for the existence of viral 
infections (HBV and HCV).

For an accessible, global determination of morpho-
logical liver status (limited to non-invasive options),43 
the patients underwent ultrasound imaging exams 
(liver, splenoportal axis, and peritoneal cavity).

Reference values used for the variables studied 
were: GSTa (a glutathione S transferase) mg/L <4; 
GGT (gamma-glutamyl transpeptidase) U/L H<37 
M<24; AST (aspartate aminotransferase) U/L H<29 
M<21; ALT (alanine aminotransferase) U/L H<25 
M<21; ApoA1 (apolipoprotein A1) g/L 120-172; si-
deremia mg/d H 59-158 M 37-145; transferrin mg/d 
H 223-244 M 197-395; transferrin saturation % 16-
60; ferritin ng/dL H 52-352 M 8-110; hemoglobin g/
dL H 14-18 M 12-16; prothrombin time % 70-120; 
albumin g/dL 3.63-4.79; CDT UL <20.5; Axis % 2.5-
5; CDT/Tf % < 7.5.

Laboratory techniques
Axis % CDTri TIA (turbidimetric immunoassay), 
LP400 Microplate Reader (reading apparatus, SANO-
FI Diagnostics Pasteur), Axis Biochemicals reagents. 
The serum transferrin of the sample is saturated with 
Fe3+ ions, followed by the separation of the different 
isoforms using ion-exchange microchromotography, 
given that the different concentrations of sialic acid 
residues present in the transferrin isoforms have 
different charges enabling their separation. The 

FIG. 1

% deviation from mean values of biological indices in the serum  
of alcoholic patients after four weeks of abstinence from alcohol.

TABLE I

Carbohydrate deficient transferrin  
in alcohol-dependency and in abstinence

Axis 
n = 55

CDT 
n = 23

CDT/Tf 
n = 23

T0 6.58 ± 4.07 27.11 ± 13.98 10.67 ± 5.46

n = 50

T1 3.45 ± 1.53 13.73 ± 5.32 5.11 ± 2.34

p<0.01 p<0.01 p<0.01

T0 - At admission
T1 - At discharge after four weeks of controlled abstinence; five patients did 
not complete this time period 
Tf - Total transferrin. Axis CDT carbohydrate deficient  
transferrin (methodology)
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Results
The group studied consisted of forty-three male 
and twelve female patients, fifty-two of whom were 
Caucasians and three of whom were Black, with an 
average age of forty-two years (28 to 49 years of age) 
and estimated consumption of 100-490  g/day for a 
period of more than six years.

Table I and Fig. 1 show the behavior of the Axis, 
CDT, and CDT/transferrin readings of  biological al-
cohol consumption markers, with abnormal average 
levels of serum transferrin in the longitudinal study, at 
time 0 and at time 1 (from consumption to completion 
of four weeks of controlled abstinence). A comparison 
of these levels shows a significant decrease (p <0.01) 
in each of the variables, with decreases of -47.6% Axis, 
-50.9% CDT and -52.2% CDT/transferrin.

Despite the controlled abstinence (T1), values 
higher than the conventional cut-off values were 
still found (13.8% Axis, 4.3% CDT, and 18% CDT/
transferrin). In this series, the mean serum levels 
of alcohol-dependent after four weeks of controlled 
abstinence were eleven percent higher than readings 
taken in a control population that did not consume 
alcohol.

In the present case series, twenty-five of the fifty-
-five patients (45.4%) were identified as being infected 
or co-infected with the HBV and/or the HCV.

In the stratification (Table 2 and Fig. 2) of this uni-

eluted isoforms (asialo-, monosialo-, disialo-, and 
trisialo-transferrin), together with human antitrans-
ferrin antibodies, form immunocomplexes that are 
measurable by turbidimetry. The total transferrin of 
the sample is determined separately, using the same 
antibody. The result is evaluated using a calibration 
curve and expressed as a percentage relative to the 
concentration of total transferrin. CDTect Pharmacia 
(second radioimmunological method), Beckman 5500 
GAMMA Counting System (reading apparatus), Phar-
macia CDTect RIA regents, procedural description in 
previous work.42 Hematological parameters quantified 
using a Coulter MAXM Auto Loader. Prothrombin 
time, automatic method, STA Compact reading device 
(Boehringer Mannheim). Activity of transaminases 
and gamma-glutamyl transpeptidase analyzed by 
the Hitachi 911 autoanalyser, Boehringer Mannheim 
reagents, transferrin by the immunoturbidometric 
method, and sideremia using the direct ferrozine me-
thod. Procedures are described in a previous work.42

Statistical analysis used the Student’s t-test to che-
ck for null hypothesis of differences between means. 
Microsoft Excel software was used.

Subgroup of alcohol-dependents without viral infection

Axis

n=30

CDT

n=15

CDT/Tf

n=15

T0

T1

6.9 ± 4.3

3.3 ± 1.3

29.4 ± 15.1

12.8 ± 4.0

11.1 ± 5.9

4.5 ± 1.5

p<0.01 p<0.01 p<0.01

Subgroup of alcohol-dependents with viral infection

Axis

n=25

CDT

n=8

CDT/Tf

n=8

T0

T1

5.8 ± 3.8

n=20

3.9 ± 1.9

25.2 ± 12.1

15.6 ± 7.1

10.4 ± 4.6

6.2 ± 3.2

NS NS NS

T0 - At admission
T1 - At discharge, after four weeks of controlled abstinence
Tf - Total transferrin. Axis CDT carbohydrate deficient transferrin 
(methodology)

TABLE II

Carbohydrate deficient transferrin in alcohol-dependency 
and in abstinence without and with viral infection (HBV, 
HCV)
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FIG. 2

% deviation from mean values of biological indices of the status 
of iron in the serum of alcoholic patients (groups with and wi-
thout viral infection) after four weeks of abstinence from alcohol.
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-dependents with viral 
infection (the presence 
of HBV and HCV), less 
pronounced differences 
were found in the ave-
rage serum levels after 
controlled abstinence 
(-32.8% Axis, -38.1% 
CDT and -52.1% CDT/
transferrin) than in the 
other subgroup, and 
these differences were 
not significant. 

The frequencies of 
abnormal values (hi-
gher than conventional 

reference values) at T0 in the 
alcohol-dependent subgroup wi-
thout viral infection were 56.7% 
Axis and 60% CDT, while in the 
subgroup of alcohol-dependents 
with viral infection they were 
43.5% Axis and 62.5% CDT. After 
controlled abstinence for a period 
of four weeks, the frequencies of 
abnormal values of carbohydrate 
deficient transferrin in the alcohol-
-dependent subgroup without viral 
infection were 13.3% Axis and 0% 
CDT, while in the alcohol-depen-
dent subgroup with viral infection, 
these frequencies, at 25% Axis and 
12.5% CDT, were clearly higher 
than in the other group.

The indices for iron status 
(Table 3 and Fig. 1) show that 
abstinence promotes a decrease 
by -52.0% (p <0.05), -15.5%, and 
-9.7% respectively, in the average 
serum ferritin, sideremia, and sa-

turation index levels, with no change in transferrin 
levels. The levels of hemoglobin endowment were 
normal and invariable. After four weeks of abstinence, 
the frequencies of values higher than the conventional 
references were 30% for ferritin, 12% for sideremia, 
8% for the transferrin saturation index, and 8% for 
transferrin. The average value of transferrin in this 
series is higher than that in the other series of twenty-
-one patients with advanced alcoholic cirrhosis of the 

verse, in the subgroup of alcohol-dependents without 
infection (absence of HBV, HCV), the longitudinal 
evolution of behavior of the marker indices of alcohol 
consumption, in relation to the levels of existence of 
abnormal transferrin highlights decreases of -52.1% 
Axis, -57.0% CDT, and -59.5% CDT/transferrin in 
mean serum levels after four weeks of controlled 
abstinence as statistically significant differences 
(p <0.01). However, in the subgroup of alcohol-

Ferritin Sideremia Transferrin Saturation Index HB

T0

N=55 562.5 ± 962.0 130.6 ± 70.0 302 ± 66.1 34.0 ± 20.1 14.6 ± 1

T1

N=50 269.6 ± 338.9 110.3 ± 47.4 304 ± 66.3 30.7 ± 15.3 19.5 ± 1

p<0.05 NS NS NS NS

T0 - At admission
T1 - At discharge, after four weeks of controlled abstinence. Five patients were lost because they did not complete the 
hospitalization period.
HB - Hemoglobin

TABLE III

Iron status indices in alcohol dependency and in abstinence

Without viral infection

Iron Transferrin Saturation Index Ferritin

T0

n=30 140.4 ± 67.3 314.6 ± 68.1 35.4 ± 18.3 40.7 ± 449.9

T1

n=30 102 ± 34.8 306.4 ± 58.9 27.9 ± 12.4 193.4 ± 214.7

p<0.01 NS NS p<0.05

With viral infection

Iron Transferrin Saturation Index Ferritin

T0

n=25 118.8 ± 727 287.2 ± 61.7 32.4 ± 22.3 730.3 ± 1300

T1

n=20 122.7 ± 60.7 301.2 ± 77.5 35.1 ± 18.8 383 ± 450.4

NS NS NS NS

T0 - At admission
T1 - At discharge, after four weeks of controlled abstinence. Five patients were lost because they did not 
complete the hospitalization period 

TABLE IV

Iron status indices in alcohol-dependency and in abstinence without and with 
viral infection (HBV, HCV)
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liver hospitalized in a central general hospital, HCL 
302 ± 66.1  E.S.R.  254 ±621.7.42

 In the stratification of patients studied (Table 4 
and Fig. 3), decreases in average serum values in the 
subgroup of alcohol-dependents without viral infec-
tion of -27.4% (p <0.01), -2.6%, -21.2%, and -52.5% 
(p <0.01), respectively, for sideremia, transferrin, 
transferrin saturation index, and ferritin, were noted 
following abstinence, with frequencies of abnormal 
values (higher than reference values) of 3.6%, 7.1%, 
3.4%, and 20%, respectively, for sideremia, transfer-
rin, transferrin saturation level, and ferritin. In the 
subgroup of alcohol-dependents with viral infection, 

frequencies of abnormal values following abstinence 
were 28.7% sideremia, 10% transferrin, 15.2% trans-
ferrin saturation index, and 45.2% ferritin. Following 
abstinence, iron status was the highest of the indices 
of the subgroup of alcohol-dependents with viral 
infection, though significant decreases were not mea-
sured in any of the indices of the group of patients 
with this condition. 

In the study of liver dysfunction (Table 5 and Fig. 
1), the average serum values of enzymatic activity 
indices decreased significantly after four weeks of abs-
tinence: -49.2% (p <0.05), -73.4% (p <0.01), -65.1% 
(p <0.01), and -49.4% (p <0.05) for GTSa, GGT, AST, 
and ALT respectively. Following abstinence, frequen-
cies of abnormal values (higher than conventional 
references) were noted as 52.1%, 54%, 14%, and 
23.6% for GSTa, GGT, AST and ALT respectively, 
these being well above the frequencies of abnormal 
values of carbohydrate deficient transferrin normally 
found in an identical situation of absence of alcohol.

In a stratification of the total population studied 
(Table 6 and Fig. 3), the subgroup of alcohol-de-
pendents without viral infection and in abstinence 
shows significant decreases (p <0.01) in the average 
levels of GGT, AST, and ALT, biological indices of 
liver dysfunction. In regards to the differences in the 
average levels in the subgroup of alcohol-dependents 
with viral infection, abstinence is not sufficient to 
cause statistical significance in any of them. In the 
latter subgroup, following abstinence, the frequency 
of abnormal levels (higher than the conventional 
cut-off values) is higher than in the subgroup of 
alcohol-dependent patients without viral infection, 
under the same conditions.

In a comparison of the behavior of se-
rum levels of these enzymatic indices be-
tween the two subgroups, there were no sig-
nificant differences in any of them at time 
0. However, in a condition of abstinence, 
at time 1, there were significant differences 
between the subgroups with and without 
viral infection: ALT p<0.05, GGT p<0.05, 
GTSa p<0.01, and AST p<0.01.

A non-invasive, conditioned of the sta-
tus of the liver under the persistent effect 
of alcohol (Table 7) shows that in this series 
of alcohol-dependent patients hospitalized 
for alcoholism treatment in the Centro Re-
gional de Alcoologia de Lisboa, only 2.5% 
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FIG. 3

% deviation from mean values of biological indices of liver 
dysfunction in the serum of alcoholic patients (groups with and 
without viral infection) after four weeks of abstinence from 
alcohol 

GSTa GGT AST ALT

T0

N=55 12.2 ± 18.0 231.4 ± 70.0 51.9 ± 86.7 42.5 ± 65.8

T1

N=50 6.2 ± 5.4 61.6 ± 71.5 18.1 ± 11.9 21.5 ± 15.6

p<0.05 p<0.01 p<0.01 p<0.05

T0 - At admission
T1 - At discharge, after four weeks of controlled abstinence  
Five patients were lost because they did not complete the hospitalization period
GSTa, GGT, AST, ALT (methodology)

TABLE V

Liver dysfunction in alcohol-dependency and in abstinence
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of cases had a PGA index score (severity 
of alcoholic liver disease) higher than 9, 
while 64.2% had scores lower than 6 (com-
pared to 90% of patients with scores higher 
than 9 in a series of twenty-one patients 
hospitalized for advanced alcohol-related 
cirrhosis of the liver in a central general 
hospital - HCL).42

The ultrasound imaging study of the 
series at CRAL resulted in 21.7% of cases 
with normal results and 78.3% with diag-
noses of hepatomegaly/steatosis, without 
any imaging results across the entire series 
suggestive of nodular structures in the 
liver, portal hypertension, splenomegaly, 
or ascites.

Discussion
In this series, the quantification of transfer-
rin isoforms in the blood serum of alcohol-
-dependent patients, hospitalized for alco-
holism treatment and recovery, proved to 
be a better interpretive tool than traditional 
indicators. The results of the three indices 
studied, Axis, CDT, and CDT/transferrin, 
were equally effective in terms of the detai-
led analysis of alcohol consumption.26 The 
absence of alcohol results in a significant 

decrease in each of the indices.4,8,9,12

At the beginning of treatment, the alcohol-
-dependent patients in this series had percentages 
of abnormal transferrin similar to those measured in 
other series conducted under similar conditions.27 
On the other hand, and as in other case series, the 
serum isoform levels in alcohol-dependents under 
controlled abstinence may be higher than the values 
of the general consumer population.9,17 This shows the 
advantage of determining the individual level of the 
alcoholic in abstinence, as an appropriate and more 
accurate benchmark for the subsequent monitoring 
of supervised abstinence.

Here in Portugal, the frequency of viral infection 
(HBV and HCV) in alcohol-dependent patients is 
high. A comparison of the results of the subgroups 
that make up the total shows that while the absence 
of alcohol is sufficient to cause a significant decrease 
in serum levels of carbohydrate deficient transfer-
rin, in the subgroup of alcohol-dependent patients 
with viral hepatitis infection, abstinence by itself is 

Without viral infection

GGT GSTa AST ALT

T0

N=30 159.3 ± 18.6 11.2 ± 11.3 38.1 ± 33.5 32.2 ± 26.3

T1

N=30 42.5 ± 30.8 4.6 ± 3.1 14.3 ± 3.2 17.9 ± 8.3

p<0.01 NS p<0.01 p<0.01

Without viral infection

GGT GSTa AST ALT

T0

n=25 317.8 ± 
512.7

21.4 ± 22.2 68.4 ± 112.5 54.8 ± 92.9

T1

n=20 90.4 ± 101.5 12.2 ± 5.5 23.8 ± 17.0 26.8 ± 21.7

NS NS NS NS

T0 - At admission
T1 - At discharge, after four weeks of controlled abstinence  
Five patients were lost because they did not complete the hospitalization period
GSTa, GGT, AST, ALT (methodology)

TABLE VI

Liver dysfunction in alcohol-dependency and in abstinence without 
and with viral infection (HBV, HCV)

Score CRAL (n=55) HSAC/HCL (n=21) 42

<6 64.2% 0%

>6 <8 33.3% 10%

>9 2.5% 90%

Scale correspondence:

without damage/minimal damage 3 - 5 points

fibrosis with/without hepatitis 6 - 8 points

cirrhosis with/without hepatitis 9 - 12 points

CRAL: Centro de Alcoologia de Lisboa (patients hospitalized for alcoholism)
 HSAC/HCL: H.Sto.A. Capuchos/Hospitais Civis de Lisboa (patients 
hospitalized for alcoholic cirrhosis)
PGA:38 Prothrombin time + gamma-glutamyl transpeptidase + 
apolipoprotein A1
Point system equivalencies/serum levels of APO A1, GGT, Prothrombin time 
38,42

TABLE VII

PGA index in alcohol-dependency and in abstinence  
(morpho-functional equivalency)
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not enough to induce significant decreases in these 
indicators of consumption, which suggests that 
other factors interfere in this behavior, particularly 
through direct or indirect intervention with the virus/
iron metabolism interaction,22,28-36 particularly with 
abnormal transferrin, which highlights the need for 
individualized reference values for the subsequent 
control of abstinence.

In the alcoholic, variability in iron homeostasis 
is expressed clinically in symptoms ranging from 
anemia to siderosis, and there is a known positive 
association between serum levels of transferrin and 
its induced isoforms.23-26,42 In this series, normal he-
moglobin endowment and assumed mild to moderate 
alcoholic liver disease (a pathobiological discrimina-
tor of morphofunctional suspicion with a low score 
on the PGA index),37-42 age group, imaging tests,43 and 
induced variability/reversibility of enzymatic activity 
in most patients, support a probable increase in the 
synthesis of transferrin in the liver.36 This, it makes 
sense to study the ratios of abnormal transferrin. 
Controlled abstinence is sufficient to cause a decrease 
in all the iron status indicators, with significance for 
ferritin.

The effects of the absence of alcohol on the al-
coholic undergoing treatment are more significant 
in the absence of viral infection of the liver, and it 
is known that this alone is frequently associated in 
clinical practice with an increase in iron status.34 In 
fact, in the subgroup of alcohol-dependents with 
viral infection under abstinence, the frequency of 
abnormal serum levels is higher than in the group of 
alcohol-dependents without viral infection under the 
same study conditions, which suggests the influence 
of an unknown mechanism other than alcohol.34 
Abstinence causes a significant reduction in liver 
dysfunction as measured by the enzymatic activity 
indices. But even in the absence of alcohol, high 
frequencies of these markers, traditionally used as po-
tential indicators of consumption, are found and since 
these are higher than the abnormal frequencies of 
carbohydrate deficient transferrin, this latter marker 
of alcohol consumption turns out to be more useful 
for the proper individual control of abstinence.1,28,42 
The frequency of abnormal values of liver function 
in the subgroup of alcohol-dependents with viral 
infection under controlled abstinence distinguishes 
the pathogenesis attributable to the dysfunction, ex-
plaining the  significant differences between the two 

subgroups of alcohol-dependents for all indicators of 
liver dysfunction.

This study supports the usefulness of individuali-
zed CDT measured during controlled abstinence for 
the timely detection of possible relapses in alcoholism 
(relative increase in abnormal transferrin) during the 
process of monitored recovery.  
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