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Chapterr  4* 

TRISIALO-FE2-TRANSFERRI NN DOES NOT IM -
PROVEE THE DIAGNOSTI C ACCURACY OF 
CARBOHYDRATE-DEFICIEN TT TRANSFERRIN 
ASS A MARKE R OF CHRONIC EXCESSIVE 
ALCOHO LL  INTAK E 

Abstract t 

Wee studied the diagnostic efficiency of two commercial tests for 
analysiss of carbohydrate-deficient transferrin (CUT) as a marker of 
chronicc alcohol abuse in alcoholics, %CDTri-TIA (including about 
50%% trisialo-Fe2-transferrin in CD!) and ChronAIcoI.D. (excluding 
thiss transferrin isoform from CUT). TLFB (Timeline-Followback) 
andd Composite International Diagnostic Interview (CIDI) 2.1-
alcoholl  section, which are valid, reliable and fully structured diag-
nosticc interviews, were used as gold standard for assessment of fre-
quencyy and amount of alcohol intake. %CDTri-TIA showed a dis-
tinctlyy reduced diagnostic sensitivity (52.8% %CDTri-TIA, 71.7% 
ChronAIcoI.D.,, p - 0.00) and accuracy (66.2% %CDTri-TlA, 77.9% 
ChronAIcoI.D.,, p - 0.01). Diagnostic specificity was statistically not 
differentt between the tests (95.8% %CDTri-TIA, ChronAIcoI.D. 
91.7%,, p - 0.30). Inclusion of trisialo-Fertransferrin in CDT does not 
improvee its diagnostic efficiency. 

""  Previously published: A. Korzec, T. Arndt , M. Bar, M. W. J. Koeter. TrisiakvFerTransferri n 
Doess Not Improve The Diagnostic Accuracy of Carbohydrate-deficient Transferri n as a 
Markerr  erf Chronic Excessive Alcohol Intake. Journal of Laboratory Medicine 2001; 25:407-410 
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INTRODUCTION N 

Carbohydrate-deficientt transferrin (CDT) is widely used for labo-
ratoryy diagnosis of chronic alcohol abuse. A review on CDT was 
publishedd recently (1). There is still controversy as to the diagnostic 
benefitt from including trisialo-Fertransferrin in CDT and/or using 
CDTT concentrations or CDT/transferrin (CDT/Tf) ratios (1-5). We 
investigatedd these issues by comparing diagnostic sensitivity, speci-
ficityy and accuracy of two commercially available CDT tests: 
%CDTri-TIAA (Axis, Norway) and ChronAlcoI.D. (Sangui Biotech 
Inc.,, U.S.A.). 

MATERIALSS AND METHODS 

Thee study was in accordance with the Declaration of Helsinki of 
1975,, as revised in 1996 and approved by the ethical committee of 
thee St. Lucas Andreas Hospital. The guidelines for studies of the di-
agnosticc accuracy of diagnostic tests [6] were observed: spectrum 
biass was avoided by assessing consecutive patients, reviewer bias 
byy blinding case history on alcoholism and alcohol intake to labo-
ratoryy results and vice versa, verification bias by applying the crite-
rionn standards to all subjects. Each test was performed without 
knowledgee of the CDT results obtained by the other. 

PatientsPatients and Assessment of Alcohol Intake 
Alll  subjects were male. Elevated ("hazardous") drinking was de-
finedd as the level of persistent alcohol consumption being likely to 
resultss in adverse health effects: >280g ethanol/week (7,8). 

577 Controls were recruited from consecutive ambulatory psychi-
atricc patients. 24 patients with an alcohol consumption of <280 g 
ethanol/weekk in each of the last 4 weeks before blood sampling and 
whoo had no Alcohol Use Disorder (AUD, "alcoholism") diagnosis 
weree included in the control group (mean and median of ethanol 
consumptionn and age were 47 and 21 g/week and 46.5 and 45.5 
years).. The remaining 33 patients had an AUD diagnosis in the last 
yearr or had been drinking >280 g ethanol/week in the last 4 weeks 
andd were excluded from the study. 
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1011 Alcoholics were recruited from treatment facilities: 72 patients 
consecutivelyy admitted to a detoxification ward and 29 consecutive 
patientss attending an ambulatory alcoholism treatment centre. Al-
coholismm in this study group was defined as having an AUD diag-
nosiss in accordance with ICD-10 (International Classification of 
Mentall  or Behavioural Disorders) or DSM-IV (Diagnostic and Sta-
tisticall  Manual of Mental Disorders, 4th edition) (9,10). 53 patients 
withh an alcohol intake of >280 g ethanol/week in each of the last 
fourr weeks and with an AUD diagnosis were included in the alco-
holicss group (mean and median of ethanol consumption and age 
weree 1326 and 1113 g/week and 42.3 and 43.0 years). The remain-
ingg 48 patients were excluded from the study due to cessation of 
drinkingg in the last 4 weeks. 

Widelyy accepted, reliable and validated diagnostic instruments 
weree used as criterion standards in assessing alcohol intake and al-
coholismm (11). Alcohol intake was assessed from TLFB (12), a com-
prehensivee retrospective self-report survey that allows the collec-
tionn of information up to 12 months before the interview date. Al-
coholl  use disorder (AUD) was assessed by means of the Composite 
Internationall  Diagnostic Interview (C3DI) 2.1-alcohol section, which 
iss a valid, reliable and fully structured diagnostic interview and en-
abless diagnosis to be computer-generated according to ICD-10 and 
DSM-IVV criteria (9,10,13,14). 

BloodBlood samples 
Bloodd was collected into evacuated sterile gel-tubes (Becton-
Dickinson,, vacutainer). Serum was obtained by centrifugation at 
2600g,, 5°C for 10 min. Serum aliquots were stored at -20°C. Samples 
weree thawed only once for assay. To check if the delay between 
CDTT analysis by %CDTri-TIA (summer 1999) and ChronAlcoI.D. 
(winterr 1999) affected the CDT results, the %CDTri-TIA assay was 
repeatedd on a subset of 20 samples at the time of ChronAlcoI.D.: T -
testtest for paired samples showed no significant differences between 
thee "summer" and "winter" CDT values (mean CDT/Tf ratio 7.2% 

 7.2% (summer) and 7.0%  6.2% (winter), mean summer-winter 
differencee 0.19%  1.18% (p - 0.553 two tailed), correlation of test-
retestt 0.997 (p =0.000)). Passing and Bablok correlation (15) yielded 
noo significant difference from zero for the intercept and from 1 for 
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thee slope, proving the CDT concentrations to be stable (statistically 
non-different)) between summer and winter 1999. Unaltered CDT 
concentrationss after freezing serum samples for several months 
weree also reported in (16-18). 

%CDTri~TIA-%CDTri~TIA- and ChronAlcoLD. **-Assays 
%CDTri-TIAA Assay was provided by AXIS Biochemicals ASA (Oslo, 
Norway),, distributed by Orange Medical, The Netherlands and per-
formedd in Amsterdam. The test includes about 50% of trisialo-Fe2-Tf 
inn CDT, and reports CDT/Tf ratios. ChronAlcoLD. Assay was pro-
videdd by Sangui BioTech, Inc. (Santa Ana, U.S.A.), distributed by 
Biodiagnosticss (Kiel, Germany) and performed in Ingelheim. The 
testt excludes trisialo-Fe2-Tf from CDT and reports CDT concentra-
tionss and CDT/Tf ratios. Both tests are based on anion-exchange 
chromatographyy for fractionation of CDT isoforms and non-CDT 
isoforms,, followed by nephelometric (Array nephelometer. Beck-
man// Array Flexisoft program by Beekman Coulter, Mijdrecht, The 
Netherlands,, for the %CDTri-TIA) or turbidimetric (Dynatec MR 
50000 reader/Dynex Revelation 3.2 software by Dynex Technologies, 
Denkendorf,, Germany, for the ChronAlcoLD.) quantification of 
CDT.. Quality control was done by internal (delivered with the test 
kitss and analyzed in each series) and external quality control mate-
riall  (DGKC, Bonn; GTFCH, Heidelberg; Instand, Düsseldorf). The 
CV'ss for the low and high controls in the appropriate quality-
controll  periods were <12.0% and <5.3% (%CDTri-TIA) and <7.5% 
andd <7.9% (ChronAlcoLD).. Analytic specificity and precision of the 
ChronAlcoLD.. were assessed previously (19)]. For both tests, bor-
derliness indicating elevated alcohol consumption have been sug-
gested:: 5-6% CDT for the %CDTri-TIA (test instructions) and 2.5-
2.7%% CDT or 100-110 mg CDT/L for the ChronAlcoLD. (20). Taking 
intoo account the social consequences of false-positives regarding 
chronicc akohol abuse, we used the upper limits of these borderlines 
ass decision criteria (cut-offs): 6% CDT for the %CDTri-TIA and 2.7% 
CDTT or 110 mg CDT/L for the ChronAlcoLD. (Table 1). 

Statistics Statistics 
Diagnosticc sensitivity, specificity, accuracy, ROC curves, confidence 
intervalss (CI) and inter-assay variation coefficients were computed 
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withh the statistics software SPSS base 10.0 for Windows NT (SPSS 
Inc.,, Chicago, US.A.). Differences in the criteria of diagnostic effi-
ciencyy between %CDTri-TIA and ChronAfcoI.D. were checked for 
significancee by the McNemar test for paired samples. Confidence 
intervalss were calculated with a formula given in (21). P-values 
<0.055 indicate significant differences. 

RESULTSS AND DISCUSSION 

Thee parameters of diagnostic efficiency obtained at cut-offs of 6% 
CDTT for the %CDTri-TIA and 2.7% for the ChronAlcoLD. assay are 
summarisedd in Table 1. Compared with %CDTri-TIA, ChronAl-
coLD.. showed significantly higher diagnostic sensitivities and accu-
racies.. There were no significant differences in the diagnostic speci-
ficitiess between %CDTri-TIA and ChronAlcoLD. (Table 1). 

Tablee 1. 
Parameterss of diagnostic efficiency of %CDTri-TIA and ChronAlcoLD. 
forr 53 patients (akohol intake of >280g ethanol/day and alcoholism 
diagnosis)) and 24 controls (alcohol intake <280 g ethanol/day). 

ChronAlcoLD .. %CDTri-TT A 
cut-offf  2.7% cut-off 6.0% Difference 95% Q* p> 

Diagnosticc 71.7% 52.8% 18.9% 7.2%-30.6% 0.00 
sensitivity y 
Diagnosticc 91.7% 95.8% -4.1% -12.0%-3.8% 0.30 
specificity y 
Diagnosticc 77.9% 66.2% 11.7% 29%-20.5% 0.01 

ee interval for difference between the two tests 
bb p values based on McNemar test without continuity correction (21). 

Usingg cut-offs of 5% CDT (instead of 6% CDT, Table 1) for the 
%CDTri-TIAA and 2.5% (instead of 2.7%, Table 1) for the ChronAl-
coLD.. improved the diagnostic sensitivities (from 52.8% to 69.8% for 
%CDTri-TIA,, from 71.7% to 81.1% for ChronAlcoLD.) and accura-
ciess (from 66.2% to 75.3% for %CDTri-TIA/ from 77.9% to 84.4% for 
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ChronAlcoI.D.)) for both tests, but diminished the diagnostic speci-
ficityficity  of the %CDTri-TIA assay (from 95.8% to 87.5%). The diagnos-
ticc specificity of the ChronAlcoI.D. was unaffected (91.7% at the low 
andd the high cut-off). 

Comparedd with CDT/Tf ratios (ChronAlcoI.D.), absolute CDT 
concentrationss obtained by the same assay (ChronAlcoI.D.) showed 
aa significantly reduced sensitivity (45.3% for absolute vs 71.7% for 
relativee CDT concentrations; 95% CI -40.0% - - 13.4%, p-0.00) and 
accuracyy (61.0% for absolute vs 77.9% for relative CDT concentra-
tions;; 95% a -26.6% - -7.1%, p=0.00). 

Ourr findings are in accordance with an earlier study (2), compar-
ingg the %CDT-TIA (identical with %CDTri-TIA, including about 
50%% of trisialo-Fe2-Tf, measuring CDT/Tf ratios) and the CDTect 
(excludingg trisialo-Fe2-Tf, measuring absolute CDT concentrations). 
Comparedd with CDTect, %CDT-TTA showed an overall reduced di-
agnosticc accuracy for detecting alcohol abuse in men, this being 
mainlyy due to a diininished diagnostic sensitivity (2). For ChronAl-
coI.D.,, absolute CDT concentrations (as used by the CDTect) 
showedd an overall weaker diagnostic accuracy when compared 
withh the corresponding CDT/Tf ratios (see above). Thus, the find-
ingss in (2) cannot solely be due to the different units used by the 
twoo tests (% of total Tf by the %CDT-TIA and U/L by the CDTect). 
CDTectt (22) and the ChronAlcoI.D. (19) show a similar analytic 
specificity.. The fact that both tests exclude trisialo-FerTf from CDT 
makess the greatest difference in comparison with the %CDTri-TIA. 
Thus,, it is more likely that the diminished diagnostic accuracy of so-
calledd "trisialo-tests" (%CDTri-TIA or %CDT-TIA1) is due to the in-
clusionn of trisialo-Fe2-Tf in CDT. This conclusion is supported by 
findingss by others (3,5,23): No increase of trisialo-Fe2-Tf concentra-
tiontion after chronic alcohol consumption, but significant increases for 
asialo-Fe2-Tff  (by 219% of its normal serum concentration), mono-
sialo-Fea-Tff  (28% increase) and disiaIo-Fe2-Tf (148% increase) were 
describedd in (23). Increased concentrations of asialo- and disialo-
Fe2-Tff  in serum samples with pathological CDT/Tf ratio and al-
mostt identical trisialo-Fe2-Tf concentrations in serum samples with 
normall  and pathological CDT/Tf ratio were reported in (3). Classi-

11 Unfortunately, the new product by Axis, excluding trisialo-FerT f trom CDT and using the 
commonn CDT definition has the same name, %CDT TIA . 
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tyingtying relative CDT concentrations obtained by ChronAlcoI.D., 
%CDTT TIA (including 50% of trisialo-Fe2-Tf into CDT) and HPLC as 
eitherr normal or elevated, Lipkowski et al. found 22% discrepancies 
betweenn %CDT TIA and HPLC, but only 9% between ChronAl-
coI.D.. and HPLC (5). The authors strongly recommend not to in-
cludee trisialo-Fez-Tf into CDT. 

Thee significant differences in diagnostic sensitivity and diagnostic 
accuracyy between %CDTri-TIA and ChronAlcoI.D. were not 
matchedd by analogous differences in the corresponding areas under 
thee ROC curve (AUC, see Fig. 1). This discrepancy is most probably 
causedd by an intersection of both curves outside the clinically im-
portantt part: In the cut-off area where in normal clinical practice the 
diagnosticc measurements or decisions are made (at the recom-
mendedd cut-offs), %CDTri-TIA performs worse than ChronAlcoI.D. 
Inn the cut-off area where diagnostic decisions wil l never be made 
(becausee of the corresponding unacceptable low diagnostic specifi-
cities),, %CDTri-TIA performs better than ChronAlcoI.D. and thus 
gainss AUC. However, ROC analysis seems less suitable for com-
paringg the tests under study because this method assumes that the 
choicee of cut-off is made only from data plotted, without informa-
tiontion from previous published work suggesting what is the best cut-
offf  value (24). 

Thiss is in contrast to the concept of our study (use of non-
arbitrary,, recommended and widely accepted cut-offs). Compari-
sonss of sensitivities of diagnostic tests are usually made on the 
samee level of specificity or vice versa. In our study, this approach 
wouldd mean comparison of the test performance for one test at the 
recommendedd (optimal and widely used) and for the other at a non-
recommendedd (non-optimal and never used) cut-off. Therefore, we 
havee assessed the diagnostic efficiency of both tests at their recom-
mendedd cut-offs. The relatively small number of controls may limit 
thee significance of our study. However, it does not explain the sig-
nificantt differences in diagnostic accuracy between %CDTri-TIA 
andd ChronAlcoI.D. 
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Figure.. 1. 
ROCC plot for two commercial CDT tests for laboratory diagnosis of 
chronicc excessive alcohol intake for 53 alcoholics and 24 healthy controls: 
%CDTri-TIAA (including about 50% of trisialo-Fe2-transferrin in CDT), 
ChronAlcoI.D.. (excluding this transferrin isoform). 
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Conclusion n 

Iff  trisialo-Fe2-Tf increases at all after chronic alcohol abuse, its pro-
portionall  change might be less than that for the common CDT iso-
forms.. If this is true, the comparably less affected but large amounts 
off  trisialo-Fe2-Tf might mask the alcohol-induced increases in the 
CDTT isoforms and thus lower the diagnostic sensitivity of CDT. As 
aa consequence, the production of so-called "trisialo-tests" by Axis 
hass been terminated recently. 
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