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Chapterr  5* 

CONFIRMIN GG DIAGNOSIS OF HAZARDOU S 
ANDD HARMFU L ALCOHO L USE 
Diagnosticc accuracy of a computer  assisted diag-
nosticc system compared to conventional markers 
off  alcoholism. 

Abstract t 

Objective.. Conventional tests for alcoholism fail to confirm hazard-
ouss and harmful alcohol use (HHAU) accurately and objectively. In 
thiss study, we validated a Bayesian Alcoholism Test (BAT) for con-
firmingg the diagnosis of HHAU. 
Studyy design and setting. BAT is based on studies on the prevalence 
off  HHAU and other diseases causing similar abnormalities, and on 
conditionall  probabilities of these disorders and associated bio-
chemicall  markers and clinical signs. BAT was compared to carbo-
hydrate-deficientt transferrin (CDT) and gamma-
glutamyltransferasee (GGT) in treatment seeking alcoholics, non-
treatmentt seeking heavy drinkers and controls. Main outcome 
measuress were test sensitivity and specificity, likelihood ratio's and 
receiver-operatingg characteristic (ROQ curves. 
Results.. Comparing alcoholics and controls, sensitivity of BAT 
(94%)) was significantly higher than CDT (63%) and GGT (73 %). The 
areaa under the ROC curve for BAT (0,989) was significantly higher 
thann the area under the curve for CDT (0,909) and area under the 
curvee for GGT (0,902). 

**  Under  review: Korzec A, de Bruij n H, van Lambalgen M. Confirmin g Diagnosis of 
Hazardouss and Harmfu l Alcohol Use: Diagnostic accuracy of a computer  assisted diag-
nosticc system compared to conventional markers of alcoholism 
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Usingg pooled data of all 182 subjects included in the study, the 
amountt of drinking had a significant better correlation coefficient 
withh BAT (0.795) than with CDT (0.657), and GGT (0.604). 
Conclusion.. BAT has better diagnostic properties than CDT and 
GGTT for confirming HHAU. 
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INTRODUCTION N 

Alcoholismm refers to a heterogeneous set of disorders. This set of 
disorderss can be divided in two overlapping conceptual domains. 
Thee first domain contains psychiatric diagnoses and emphasizes 
addiction,, social, psychological and physical damage such as alco-
holl  dependence and alcohol abuse, often called Alcohol Use Disor-
derss (AUD). The second domain emphasizes drinking patterns de-
finedd by amount of drinking and their effects on physical health, 
oftenn referred as hazardous alcohol use or harmful use (HHAU) (1). 

Alcoholismm has severe consequences for society. The direct and 
indirectt costs of alcoholism are relatively constant in different 
countriess in Europe and North America. Depending on the calcula-
tionn used, these costs have been estimated to be between 1% and 2% 
off  the gross national product (2-6). Concurrent with these estimates, 
researchh suggests a considerable prevalence of alcoholism in the 
generall  population. Epidemiological estimates about die point 
prevalencee of excessive use of alcohol in the general population 
varyy between 4-29% for hazardous drinking and 1-10% for harmful 
drinking,, depending on country, the criteria for harmful and haz-
ardouss drinking and the screening instruments used (1). 

Severall  studies indicate that, even after active screening, general 
practitionerss identify maximally 60% of their alcoholic patients (7-
9).. The main reasons for under-diagnosis are denial on the part of 
patientss (10,11), insufficient sensitivity of screening instruments in 
detectingg patients with less severe alcoholism (12), insufficient skills 
off  physicians, and questioning the rationale of diagnosis and inter-
ventionn in young hazardous drinkers (13). 

Inn diagnosis, clinicians begin with different estimates of an a pri-
orii  probability about the presence of a disease. According to these 
estimates,, a diagnostic test may be used for screening, exclusion or 
confirmationn (14). If the patient is unwilling to disclose alcoholism, 
orr is not aware of alcohol related problems, there is no accurate di-
agnosticc test to confirm objectively the diagnosis. There is evidence 
thatt alcoholic patients who deny or who are not aware of their con-
ditionn can benefit from feed back of abnormal laboratory results 
(15,16),, and also some evidence mat physicians hesitate to confront 
patientss without robust confirmatory evidence (17,18). In forensic 
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(19,20),, insurance (21), occupational (22) and pre-operative settings 
(23,24),, there is a strong need of a confirmation test of alcoholism. 

Thiss paper presents an expert system, Bayesian Alcoholism Test 
(BAT),, to facilitate the confirmation of the diagnosis of a Hazardous 
andd Harmful Alcohol Use (HHAU). A diagnostic expert system is a 
computerr program that combines information about a disease, in 
thiss case alcoholism, in such a way that feeding in data about a par-
ticularticular patient (e.g. values of selected blood markers and clinical 
signs)) yields a probability mat the patient suffers from HHAU. Ex-
pertt systems are useful when there are a large number of diagnostic 
teststests and when the relationship between the disease and the result 
off  tests is of a probabilistic nature. Although the probabilistic com-
putationss involved are complex, with the advent of so-called Baye-
siann networks (25), mathematical and computational technology has 
noww progressed so far as to make an expert system of the size we 
needd feasible. The expert system allows us to answer queries of the 
followingg type: given values obtained for some, but not necessarily 
all,, diagnostic tests, what is the probability that a patient suffers 
fromm a particular disease? An advantage of the expert system above 
singlee diagnostic tests, is that it allows combining the results of 
manyy tests, which is common practice in diagnostics. This is in con-
trastt to the vast literature on diagnostic tests, where mostly single 
teststests are considered (26). 

BATT has been constructed from a literature survey, which yielded 
epidemiologicall  data for about 40 % of the probabilities. The re-
mainingg probabilities were obtained by consulting experts. 

Thee hypothesis investigated in this study is that BAT is a more 
accuratee tool to confirm the diagnosis of HHAU than other, cur-
rentlyy used tests, such as CDT and GGT. 

METHODS S 

StudyStudy design and study populations 
Thee study design is a prospective cross-sectional validation study of 
diagnosticc accuracy. The ethical committee of the St. Lucas Andreas 
Hospitall  approved the study protocol. All participants of the study 
gavee their informed consent; the research was carried out according 
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too the provisions of the Declaration of Helsinki of 1975, as revised in 
19%.. All subjects were recruited between 1998 and 2001. 

Wee aimed to test our diagnostic system in a broad spectrum of the 
disease.. First, we investigated whether the system was able to dis-
tinguishh "clear alcoholics" from "social drinkers". Thereafter we 
testedd the diagnostic differentiating ability of BAT within the 
populationn of heavy drinkers (representing the spectrum in-
betweenn alcoholics and social drinkers). Three study groups were 
formed:: controls, treatment seeking alcoholics and non treatment-
seekingg heavy drinkers. All subjects were male. 

Non-alcoholicNon-alcoholic controls (group 1) were 79 ambulatory psychiatric 
patientss (Sint Lucas Andreas Hospital, Amsterdam). Only patients 
withoutt HHAU [defined as an alcohol consumption of < 280 g etha-
nol/weekk (27,28)] in the last 4 weeks before blood sampling, and no 
Alcoholl  Use Disorder (AUD) in the last year, were included in the 
controll  group (n=47). AUD in all groups was defined as having a 
disorderr in accordance with the International Classification of 
Mentall  and Behavioral Disorders (ICD-10) (29) or in accordance 
withh the Diagnostic Statistical Manual of Mental Disorders, (DSM-
IV)) (30). 

AlcoholicsAlcoholics (group 2) were recruited from addiction treatment fa-
cilities:: 73 patients admitted to a detoxification ward (Jellinek clinic, 
Amsterdam)) and 29 patients attending an ambulatory alcoholism 
treatmentt center (Brijder stichting, Zaandam). Only patients with 
harmfull  use [defined as an alcohol intake of > 560 g ethanol/week 
(28)]]  in the last 4 weeks before examination and with an AUD diag-
nosiss were included in the alcoholics group (n=67). 

Non-treatmentNon-treatment seeking heavy drinkers (group 3) were recruited at 
wine-tastingg conventions and by advertisements in a wine maga-
zine,, in which we informed them of the relation between alcohol 
andd health and of the object of our study. We recruited a total of 68 
men,, from which 57 drank more than 28 alcoholic units per week. 
Thee remaining 11 subjects drank less than 28 alcoholic units per 
weekk during the last 90 days. Other characteristics of this group 
havee been described previously (31). 
Onee psychiatrist and six psychiatric residents who received prior 
trainingg about die instruments collected the data. For each subject 
alll  data were collected on the same day. The readers of the criterion 
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assessmentss were blind to the results of the laboratory tests and vice 
versa. . 

Instruments Instruments 
1.1. Criterion assessments (alcoholintake and AUD diagnosis) 
Sincee diagnostic accuracy of tests is almost always based on a cor-
rectt definition of false-positives and false-negatives, we used rec-
ommendedd and validated diagnostic instruments for assessing 
AUDD and alcohol intake, as criterion standard (32). 

Alcoholl  intake was assessed using Time Line Follow Back (TLFB) 
(33).. The TLFB is a comprehensive retrospective self-report survey 
thatt enables the collection of 
informationn on drinking behavior. The amount of alcohol was 
documentedd in standardized alcoholic units (AU), a standard drink 
inn the Netherlands containing approximately 10 grams of ethanol. 

Thee alcohol section of the Composite International Diagnostic In-
tervieww (GDI-2.1), section J on alcohol was used to assess symp-
tomss of alcohol use disorders. The QDI is a validated and reliable, 
fullyy structured, diagnostic interview which enables making diag-
nosess according to ICD-10 and DSM-IV criteria (34,35). 

ZZ Diagnostic system BAT 
Thee diagnostic system was based upon a literature search, com-
binedd with clinical expertise when literature was inconsistent or not 
available.. We searched for studies on three topics: prevalence of 
disorders,, prevalence of clinical signs, and conditional probabilities 
betweenn disorders on one side, and associated biochemical markers 
andd clinical signs on the other side. The investigated disorders were 
alcoholismm and the common disorders that can cause similar clinical 
signss and biochemical abnormalities: liver diseases, adiposity and 
diabetes.diabetes. The search was performed in Pubmed. We limited the 
searchh to original articles and reviews published in English between 
19700 and 2002. The literature was extended by search of the refer-
encee sections of the articles obtained, and by consulting textbooks. 

Sincee our study groups included only men, we included mostly 
dataa of studies on men in Western Europe or in the United States 
andd of studies performed in the general male population. If such 
dataa were not available, we used studies with mixed male and fe-

78 8 



malee populations, primary care populations, clinical populations 
etc.. 72 studies were included. Two reviewers appraised all articles 
forr methodological content and results. If, on certain prevalence or 
condition,, no studies were found, we obtained estimates by con-
sultingg experts. The interested reader is welcome to contact us for 
moree information regarding the literature search outcomes. See also 
thee homepage of the paper at 
http:// /staff.science.uvajU/~michiell/, for a summary table of data 
matt were used for constructing BAT. 

Thee data mentioned above were used to create a Bayesian net-
work,, a graphical structure the nodes of which represent diseases, 
symptomss and biochemical tests, and where an arrow going from 
diseasee to symptom or biochemical test, indicates that the symptom 
orr test is dependent on the disease (FIGURE 1). Apart from their 
graphicall  structure, the Bayesian network works with conditional 
probabilityy tables that give the conditional probability distribution 
off  a disease causing different symptoms and biochemical abnor-
malities.. The two kinds of information, graphical and probabilistic, 
aree combined and result in probabilities that a patient is suffering 
fromm different diseases. BAT combined the results of the compo-
nentss listed below and showed a probability for each subject to suf-
ferfer from HHAU, as well for diabetes and for liver disease. 

Ann important fact to consider is that BAT does not contain DSM-
IVV AUD criteria. The only alcohol problems related questions 
withinn BAT are the CAGE questions and question about the level of 
responsee to alcohol (LRA). For the rest, all the components of BAT 
aree either objective or contain questions about somatic data, which 
aree unlikely to be lied about. 

3.3. BAT components 
Alll  BAT components are parts of usual clinical practice when con-
firmingg an alcoholism diagnosis. The components concern clinical 
signs,, biochemical test and some additional questions concerning 
differentiall  diagnostic possibilities for elevated liver enzymes. 
a.a. Clinical signs 
Ass an indication of level of response to alcohol (LRA), subjects were 
askedd how many units were required to become aware of an effect. 
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Figuree 1 
Networkk for the Bayesian Alcoholism Test The a priori probabilities for 
diseasess and states (left) are combined with the biochemical (right) and 
clinicall  findings (under). An arrow going from disease to symptom or 
biochemicall  test, indicates that the symptom or test is dependent on the 
diseasee or state. 

Examplee of a conditional table for  the node ALT i.e. probabilities of values of alanine 
aminotransferasee depending on presence of alcohol use and of liver  disease. 

NoHHA U U 
ALTT not elevated 

50U/1<ALT<100U/1 1 
ALT>100U/1 1 
HAZARDOU SS USE 
ALTT not elevated 
50U/1<ALT<100U/1 1 
ALT>100U/1 1 
HARMFU LL  USE 
ALTT not elevated 
50U/1<ALT<100U/1 1 
ALIM00U/ 1 1 

Noo liver 
disease e 

0,975 5 
0,025 5 
0 0 

0.9 9 
0.05 5 
0.05 5 

0.7 7 
0.2 2 
0.1 1 

Fattyy liver 

0,8 8 
0,15 5 
0,05 5 

0.8 8 
0.15 5 
0.05 5 

0.5 5 
0.35 5 
0.15 5 

Hepatiti s s 

0,5 5 
0,3 3 
0,2 2 

0.4 4 
0.35 5 
0.25 5 

0.3 3 
0.4 4 
0.3 3 

Liver r 
cirrhosis s 

0,6 6 
0,3 3 
0,1 1 

0.5 5 
0.25 5 
0.25 5 

0.4 4 
0.3 3 
0.3 3 
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Furthermore,, the average number of cigarettes smoked per day 
wass documented. Each participant was also asked the four CAGE 
questionss (acronym based on its four questions: Cut down drinking, 
Annoyedd by criticism about drinking, Guilty feelings about drink-
ing,, and Early drink [drinking in the morning]) (36). 

Physicall  consequences of alcohol use were assessed by a stan-
dardizedd physical examination, including inspection of the skin 
(spider)) and palpation of the liver, and by biochemical tests. 
b.b. Biochemical tests 
Venouss blood samples were taken for determination of mean cell 
volumee (MCV), carbohydrate-deficient transferrin (CDT), gamma-
gluu tarnyltransferase (GGI), aspartate aminotransferase (AST), ala-
ninee aminotransferase (ALT) andd alkaline phosphatase (AP). These 
biochemicall  markers (with the exception of AP) are known as indi-
catorss of enzymatic induction or cellular damage due to alcohol, 
andd are predictive of adverse health outcomes (37). For details con-
cerningg the analytical procedures, see our report on diagnosing al-
coholismm in drinking drivers (19). In the present study, we used an-
otherr CDT test (ChronAlcoI.D. (Sangui Biotech Inc., USA). This test 
hass been validated analytically and clinically (38,39). For CDT, 
ALT,, AST, GGT, AP and MCV the upper reference limits were: 
CDT:: 3.0, ALT: 50, AST: 45, GGT: 65, AP 135 U/l and MCV 97fL. 
Thee rationale for choosing CDT cutoff at 3.0 is based on the recom-
mendationn in a study of a comparable CDT test (40). MCV cutoff 
wass based on several studies comparing social drinkers and alco-
holicss (41-43). The laboratory where the tests were performed rec-
ommendedd the other cutoffs. All biochemical tests were performed 
inn the laboratory of the Sint Lucas Andreas Hospital, except CDT, 
whichh was performed at Moscientia, Ingelheim, Germany. 
c.c. Other measurements 
Thee subjects were asked if they had diabetes or used (anti-diabetic) 
medication.. Hepatitis risk was screened with questions on earlier 
hepatitis,, intravenous drug use, or blood transfusion before 1985. 
BMII  was measured by weight and height measurement. 

Inn me case of missing data (out of 182 included patients: CDT: 7; 
Cagee 6: smoking: 6; LRA: 26), the data, which were present, were 
fedd into BAT. For these subjects, BAT generated a result based on 
thee data that were known. 
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DataData analysis 
Thee statistics software HUGIN 5.7 was used for building the Baye-
siann network (Hugin Expert A/S, Aalborg, Denmark). 
Thee statistics software Confidence Interval Analysis (CIA), version 
2.05,, was used for calculating diagnostic sensitivity, specificity and 
likelihoodd ratios. Confidence intervals (CI) for sensitivity, and speci-
ficityficity  were computed using Wilson's method (44). Confidence in-
tervalss of likelihood ratios were computed using the score method 
(44).. Difference between likelihood ratio's en 95% CI was computed 
usingg the ratio of two standardized ratio (44). Receiver operating 
characteristicc analysis was performed with Statistics Package for So-
ciall  Sciences (SPSS for Windows, 11.0, 2000). Area under the curve 
(AUC)) was used as a measure of overall test accuracy. Differences 
off  AUC between tests were examined according to the method by 
Hanleyy and McNeil (45). 

Differentiationn in the group of heavy drinkers was computed 
withh entropy (46). Entropy is a measure of information in distribu-
tion.. Increase of entropy is associated with a decrease of available 
informationn and increase of uncertainty. Confidence intervals were 
calculatedd with the method suggested by Esteban and Morales (47). 

Thee Spearman test with confidence intervals was performed with 
CIAA to assess difference in correlations between alcohol intake and 
resultss of BAT, CDT and GGT in the combined populations of alco-
holics,, heavy users and controls. 

RESULTS S 

Samplee characteristics of the three selected groups are shown in ta-
blee 1. The mean age of the heavy drinkers group (49.3) was signifi-
cantlyy higher than that of the alcoholics (43.6). 

Cutofff  level BAT 
BATT outcomes are, in principle, probabilities of a patient having 
HHAU.. The clinician must convert the continuous probabilities 
yieldedd by BAT into a binary decision whether he considers the pa-
tientt to suffer from HHAU or not. It is up to the clinician when he 
adoptss a rule to convert a probability into a yes/no statement. The 
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sensitivityy and specificity of BAT obviously depend on the decision 
rul ee chosen. 

Tablee 1. 
Samplee characteristics of 47 controls, 68 non treatment 
heavyy drinker s and 67 treatment seeking alcoholics. 

Age e 

Alcoholl  units/week, 

Percentagee AUD 
diagnosiss in last year 

Percentagee abstinent 
inn last year 

Controls s 
(n=47) ) 

45,33 7 
(24-76) ) 
44 5 
(0-24) ) 
0% % 

27,3% % 

Heavyy users 
(n-68) ) 

49.33 2 
(29-80)» » 
477 2 
(17-160) ) 
41,2% % 

0% % 

Alcoholics s 
(n=67) ) 
43.66  7 
(28-58)2 2 
1344 5 
(56-492) ) 
100% % 

0% % 

Valuess are mean  SD and (range) 
*Agee difference between controls and heavy drinker s and controls and 
harmfull  users n.s. 
Significantt  age difference between heavy drinker s and alcoholics: 5.7 
(95%%  Q 2.7-8.7) 

I tt  must also be noted mat the diagnostic markers found in the lit -
eraturee are represented by dichotomous variables. Hence, also for 
purposess of comparison BAT must be reformulated as a binary test. 

Thee cutoff range which gave the best accuracy (total of true posi-
tivess and true negatives divided by all subjects, here 95.6%) was 
betweenn 41% and 50%. Because we aimed to design a confirmation 
testt  we chose 50% as cut off level. 

Wee emphasize however, that mis decision rul e is to a certain ex-
tentt  arbitrar y and mat some contexts may require a different rule, 
e.g.. if higher  specificity is desired. 

83 3 



Testt  Sensitivity, specificity and likelihood rati o 
Inn the group of 67 treatment-seeking alcoholics, the sensitivity of 
BATT was significantly better  than CDT and GGT (table 2). 

Tablee 2. 
Sensitivities,, specificities and likelihood ratios of BAT, CDT and GGT for 
diagnosingg harmful and hazardous alcohol use, comparing treatment 
seekingg alcoholics and controls 

BAT(n-114) ) 

CDT(n=110) ) 

GGT(n=114) ) 

Difference e 
andd 95% Q 
forr  the 
Difference e 
BAT-CDT T 
Difference e 
andd 95%  a 
forr  the 
Difference e 
BAT-GGT T 

Sensitivity y 

94 4 
(86-98) ) 

63.1 1 
(50.9-73.8) ) 

73.1 1 
(61.5-82.3) ) 

30.8f* * 
(19.00 - 42.5) 

20.9* * 
(8.99 - 32.9) 

Specificity y 

97.9 9 
(89-100) ) 

93.3 3 
(82.11 - 97.7) 

91.5 5 
(80.11 - 96.8) 

4.4f f 
(-6-15.9) ) 

6.4 4 
(-2.9-17.6) ) 

Likelihood d 
rati oo + 
44.2 2 

(8.5-249.9) ) 

9.5 5 
(3.5-27.9) ) 

8.6 6 
(3.6-22.0) ) 

4.7#* * 
(4.55 - 4.8) 

5.1#* * 
(5.0-5.3) ) 

Likelihood d 
rati oo -
0.06 6 

(0.02-0.14) ) 

0.40 0 
(0.300 - 0.54) 

0.29 9 
(0.19-0.43) ) 

0.15#* * 
(0.14-0.17) ) 

0.21#* * 
(0.19-- 0.23) 

()) 95% confidence intervals 
**  significant difference at p level < 0.05 
## Ratio of compared Likelihood Ratios with 95% Confidence interval 
tt  The difference is calculated without missing values (n*=110) 

BATT also yields a probabilit y of the presence of the diagnosis. 
76.1%%  of the 67 alcoholics scored a probabilit y of >95% in BAT of 
havingg hazardous or  harmful use. 
Thee specificity of BAT was not significantly higher  than those of 
CDTT and of GGT. 
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Thee positive and negative likelihood ratio's of BAT were superior to 
thatt of CDT and GGT (table 2). 

Falsee positives 
Theree was only one subject of the 47 controls scoring positive with 
BAT,, against three subjects showing an elevated CDT and four 
subjectss with an elevated GGT. The reasons for the subject scoring 
falsee positive on the BAT were abnormal results of ALT (176 U/l, 
normall  range 5-50) AST (112 U/l , normal range 10-45) and GGT 
(1633 U/I, normal range 10-65). This subject was also the only control 
subjectt scoring with BAT above 50% probability of having hepatitis. 
Thee subject had no prior history of (intravenous) drug use or blood 
transfusion.. Blood examination for antibodies for hepatitis B and C 
(anti-HCVV and HbsAg) was negative. 

Falsee negatives 
Off  the 67 alcoholics, BAT did not recognize four subjects, against 24 
subjectss having normal CDT values and 18 subjects having normal 
GGTT values. 

Comparedd with the rest of the alcoholics, the subgroup of four 
subjects,, not identified with BAT, was not different from those cor-
rectlyy identified. One subject was much younger than the average of 
thee alcoholic population (29 years); another subject had a relatively 
loww alcohol use, just above harmful use level (570g alcohol/week). 

ROCC curves 
Comparisonn of the ROC curves (populations of alcoholics and con-
trols,, n=114) showed that BAT was superior to that of CDT and 
GGTT (FIGURE 2). The area under the curve for BAT was signifi-
cantlyy higher (p < 0.005) than for CDT and for GGT. Using receiver 
operatingg characteristic curves, 100% specificity was achieved, with 
aa corresponding sensitivity of the BAT of 92 %, sensitivity of CDT of 
28%% and sensitivity of GGT of 49% .The difference with CDT was 
nott significant. Of the 19 heavy drinkers with harmful use, BAT 
identifiedd 63 %, CDT identified 53 % and GGT identified 32 % of the 
subjects.. The difference between BAT and CDT was not significant 
(95%% Q of the difference -0,152 - 0,342). The difference between 
BATT and GGT was significant (95% CI the difference 0,072 - 0,502). 
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Figuree 2 
Receiverr  operating characteristic curves, comparing 46 controls and 64 
alcoholics.. Criteriu m is harmful use of alcohol (>560 g alcohol/week) 

1,0 0 

> > 
'<n n 
c c 
<D D 
(f)(f) 0,0 

0,0 0 

, . . . . .  rrrtx***** 
""  i*-^"^"""* ^ 

...-^J ...-^J 

ƒ ƒ 

<j j 

i i 

BAT T 
CDT T 

;; GGT 

ÉÉ  i V l 

1,0 0 

11 - Specificity 

BAT T CDT T GGT T 
Areaa under  the ROC 
curve e 
(95%%  Q) 

0,9899 0,909* 0,902* 
(0,975-1,000)) (0,852-0,966) (0,847-0,957) 

Areaa under the roc curves are given in percentages with confidence in-
tervals.. Comparison was done with 110 subjects because of 4 missing 
valuess of CDT 
**  p<0,005 
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Tablee 3. 
Sensitivities,, specificities and likelihood ratios of BAT without Cage, 
BATT with only CDT and GGT, CDT and GGT for  diagnosing harmful 
andd hazardous alcohol use, comparing treatment seeking alcoholics and 
controls s 

BATT without 
CAGE E 
BATT with only 
CDT-GGT T 
CDT(n«110) ) 

GGT(n«114) ) 

Differencee and 
95%%  Q for  the 
differencee BAT 
withoutt  Cage-
CDT T 
Differencee and 
95%%  a for  the 
differencee BAT 
withoutt  Cage -
GGT T 
Differencee and 
95%%  a for  the 
differencee BAT-
BATT with only 
CDTT and GGT 
Differencee and 
95%%  a for  the 
differencee BAT 
withoutt  Cage -
BATT with only 
CDTT and GGT 

Sensitivity y 

85 5 
(74,7-91,7) ) 

58 8 
(46-69) ) 
63.1 1 

(50.9-73.8) ) 

73.1 1 
(61.5-82.3) ) 

21.5f f 
(8,4-33,9) ) 

11,9* * 
(0-23,7) ) 

9* * 
(1,4-18,1) ) 

26,9* * 
(15,6-37,6) ) 

Specificity y 

97,9 9 
(899 -100) 

97,9 9 
(899 -100) 

93.3 3 
(82.1-97.7) ) 

91.5 5 
(80.1-96.8) ) 

4.4f f 
(-6-15.9) ) 

6.4 4 
(-2.9-17.6) ) 

0 0 

0 0 

likelihood d 
rati oo + 

40 0 
(7,6-226) ) 

27 7 
(5-156) ) 

9.5 5 
(3.5-27.9) ) 

8.6 6 
(3.66 - 22.0) 

4.2 2 
(4.1-4.3)* * 

4.6 6 
(4.5-4.8)* * 

1.6 6 
(1.6-1.6)* * 

1.5 5 
(1.4-1.5)* * 

Likelihood d 
ratio --
0,15 5 

(0,09-0,26) ) 
0,43 3 

(0,31-0,55) ) 
0.40 0 

(0.30-0.54) ) 

0.29 9 
(0.19-0.43) ) 

0.38 8 
(0.32-0.46)* * 

0.52 2 
(0.42-0.63)* * 

0.14 4 
(0.11-0.19)* * 

0.36 6 
(0.30-0.43)* * 

()) 95% confidence intervals 
**  significant difference at p level < 0.05 
## Ratio of compared Likelihood Ratios with 95% Confidence interval 
ff  The difference is calculated without missing values (n»110) 

87 7 



Differentiatingg power of BAT in heavy drinking 
Subsequentlyy we investigated the differentiating ability of BAT, 
CDTT and GGT to distinguish between three levels of drinking: 
harmfull  drinking (>560 g/week), hazardous drinking (280-
560g/week)) and non-hazardous use (<280 g/week). As can be seen 
inn table 4 from the entropy values, BAT gives more information 
thann GGT. 

Tablee 4. 
Distributionn of positive test results of BAT, CDT and GGT over the three 
subgroupss of 68 heavy drinkers: a. Non-hazardous use (<280g/week)/ b. 
Hazardouss use (280-560g alcohol/week), c. Harmful use (>560 g ako-
hol/week) ) 

Heavyy users 
(n=68)* * 

a.<280g/week k 
(n-H) ) 

b.280-560g/week k 
(n»38) ) 

c.. >560g/week 
(n-19) ) 

Entropy y 
(95%% O) 

BAT+ + 
(n-23)) 100% 

(n=0) ) 
0% % 

(n=H) ) 
47.8% % 

(n=12) ) 
52.2% % 

0.6921 1 
(0.6723-0.7130) ) 

CDT+ + 
(n-23)) 100% 

(n=l) ) 
4.3% % 

(n=12) ) 
52.2% % 

(n-10) ) 
43.5% % 

0.8367 7 
(0.6334-1) ) 

GGT+ + 
(n-17)) 100% 

(n=2) ) 
11.8% % 

(n=9) ) 
52.9% % 

(n=6) ) 
35.3% % 

0.9566 6 
(0.7321-1) ) 

*33 missing values of CDT 

Correlationn alcohol intake and test results 
Usingg pooled data of all 182 subjects, BAT had a significantly better 
correlationn coefficient with the alcohol intake, 0.795 (95% Q 0.735-
0.843)) than CDT, 0.657 (95% Q 0.564- 0.734) and than GGT, 0.604 
(95%% O 0.503-0.689). 

BATT without Cage, and Bat with only CDT and GGT 
Ass we plan to use BAT in populations that are prone to deny alco-
holl  problems, we computed BAT results when Cage is not used as 
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component.. The reason for doing so is that Cage is the only BAT-
itemm that is evidently influenced by the willingness of the subject to 
telltell the truth about alcohol problems. In comparison to BAX the 
sensitivityy of BAT without Cage sensitivity dropped from 94% to 85 
%.. It was still significantly better than CDT, but not better than 
GGT.. Furthermore, we checked what the BAT results would be if 
wee would simplify it by only using CDT and GGT as BAT compo-
nents.. The sensitivity of BAT with only CDT and GGT dropped to 
58%% (Table 3). 

COMMENT T 

Thee diagnosis of heavy drinking is difficult when dealing with sub-
jectss that deny excessive alcohol use or alcohol related problems. In 
casee of suspicion, the available diagnostic tests are too insensitive 
andd unspecific to be able to support the diagnosis in legal and 
healthh care settings. This study used a combination of clinical signs 
andd biochemical tests and compared its diagnostic properties with 
availablee markers of excessive alcohol use. 

Thee diagnostic system that we evaluated in this study has several 
advantagess above the usual diagnostic tests for excessive alcohol 
use. . 

First,, our results indicate that, in our population, this test has 
betterr diagnostic properties than the regular tests. Both positive and 
negativee likelihood ratio's of BAT were superior to those of CDT 
andd GGT. Therefore, BAT has better properties to rule in or rule out 
thee diagnosis of HHAU, which makes it more appropriate for con-
firmingg the diagnosis. 

AA second advantage is that BAT produces a probability that a 
subjectt is suffering from HHAU. 

AA third advantage is that it also produces a probability that the 
clinicall  and biochemical abnormalities are caused by another dis-
ease. . 

Thee fourth advantage above other suggestions for using combi-
nationss of biochemical tests for HHAU (48) is that BAT can be easily 
accommodatedd for other populations with a node of the expected 
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prevalencee of the disease, without changing cutoff values of the 
usedd tests. 

However,, our study has several limitations that deserve attention. 
First,, our study results are applicable for men only. The condi-

tionall  probability tables for women, especially for CDT, GGT, MCV 
andd smoking, are different 

Secondly,, the external validity of our study must be considered. 
Theree might be a selection bias, causing BAT to perform better or 
CDTT and GGT to perform worse. As all patients and subjects col-
laboratedd only if they agreed to an examination, there might be a 
selectionn bias, which could reduce external validity of our results. 
Ourr intent was to enable to confirm the diagnosis also in denying 
subjects.. One could hypothesize that the denying subjects would 
nott agree to participate with this study. However, there is no reason 
toto assume that this selection would favor BAT and impede CDT or 
GGT.. Another arguments that selection bias was not of a big impact 
onn our study is that the sensitivity and specificity values of CDT 
andd GGT found in our study, were similar to those found in differ-
entt other studies (49,50). 

Thirdly,, the majority of the conditional probabilities used in de-
signingg BAT are based on estimates. Many of the studies we used 
hadd methodological shortcomings or produced inconclusive data. 

Ourr results failed to indicate that BAT is significantly better than 
CDTT in identifying harmful drinkers in a population of heavy 
drinkers.. There are some possible reasons for this. The first reason 
toto consider is that this part of our study did not have enough power 
toto detect the difference. A secondd reason might be that wine drink-
erss are not representative of heavy drinkers in general. They smoke 
lesss than the general population and they might have less drinking 
problems,, as indicated by Cage, than usual populations of heavy 
drinkerss (31). Cage and smoking status influence the BAT score. 

Thee clinical applicability of BAT is confirmation of HHAU in dif-
ferentt settings. All data used to feed in the BAT system are results of 
standardd clinical examination of subjects suspected to have alcohol 
problems.. The examination takes 30 minutes. Feeding in the data 
andd producing the BAT results takes approximately a minute per 
subject. . 
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Thee present study includes only the first two phases of develop-
mentt of diagnostic tests (14). It should be further validated in other 
clinicall  settings (phase III) , such as a population with liver diseases 
andd eventually in a prospective consecutive series of clinically suit-
ablee patients (phase IV). Further research addressing these ques-
tionss is necessary to obtain definitive results about our diagnostic 
system. . 
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