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Chapterr  6* 

DIAGNOSINGG ALCOHOLIS M IN DRIVERS UN-
DERR INFLUENCE : comparing different diagnostic 
procedures s 

Abstract t 

Backgroundd In several European countries Drivers Under Influence 
(DUI)) suspected of alcoholism, are mandatory referred for diagnos-
ticc examination. However, no generally accepted diagnostic proce-
duree is available to establish the diagnosis alcoholism in this popu-
lation. . 
Objective:: The aim of this study was to compare four diagnostic 
proceduress for confirming the diagnosis alcoholism: a standard 
fullyy structured interview (CIDI), a restrictive diagnostic procedure 
(RDP),, a Bayesian alcoholism test (BAT) and a standard clinical di-
agnosticc procedure (CDP). 
Subjectss and Methods Subjects were 116 DUI's referred for a diag-
nosticc examination. Data were collected for all diagnostic proce-
duress (CIDI, RDP, CDP and BAT). Results of the four diagnostic 
proceduress were compared both quantitatively and qualitatively. 
Resultss BAT identified 52,6 % of the total population as alcoholic, 
CDPP 50%, RDP 27,8% and CIDI 7,8%. The prevalence of BAT dif-
feredd significantly from RDP and CIDI, but not from CDP. The 
agreementt between BAT and CDP was high (Kappa 0,78, 95% C3: 
0,66-- 0,89). All diagnostic procedures were significantly correlated 
withh the average amount of drinking (alcohol units/week). Only 
BATT was significantly correlated with the highest number of alcohol 
unitss in one day. 

Submitted::  Korzec A, de Brtnjn , Koeter  MWJ, van den Brink W. Diagnosing alcoholism in 
driverss under  influence:comparmg different diagnostic procedures 
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Conclusionn Different diagnostic procedures for diagnosing DUI re-
sultt in widely ranging prevalence rates of alcoholism. The results of 
BATT and CDP are most closely related to prevalences found in 
standardd clinical practice. CIDI results in unlikely low prevalence 
rates.. The advantage of BAT is that it is more objective, each subject 
iss diagnosed in the same - objective - way. 
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INTRODUCTION N 

Alcoholismm refers to a heterogeneous set of disorders. Two overlap-
pingg conceptual frameworks are used to approach this set of disor-
ders.. The first approach comprises the psychiatric diagnoses alcohol 
dependencee and alcohol abuse (Alcohol Use Disorders: AUD), and 
emphasizess loss of control and alcohol related social, psychological 
andd physical consequences. The second approach emphasizes 
drinkingg patterns defined by amount of drinking and their effects 
onn physical health, and is often referred as hazardous alcohol use 
(HAU)) (1). The choke of the most appropriate diagnostic approach 
dependss on the goal of the diagnostic procedure. 

Diagnosingg alcoholism is not different from diagnosing other dis-
eases.. In making a diagnosis, clinicians begin with an estimate of 
thee a priori probability about the presence of a disease. Depending 
onn this estimate, the clinician uses a diagnostic test for screening or 
forr confirmation. In screening the aim is case finding and finding as 
manyy cases as possible. High sensitivity of the test (few false nega-
tivee test results) is more important than high specificity (few false 
positivee test results). In contrast, confirmation aims at a definite di-
agnosis.agnosis. Very high specificity (very few false positive test results) is 
moree important than high sensitivity (few false negative results). 

Inn evaluating diagnostic procedures for alcoholism in legal set-
tings,, one must consider the differences in the context, compared to 
healthh care settings. In health care, the main diagnostic aim is to en-
hancee health. Therefore, it is important to identify all alcoholic pa-
tients.. In order to minimize the risk of missed diagnoses (and miss 
treatmentt possibility) a high sensitivity of diagnostic procedures is 
important. . 

Inn a forensic setting, such as a mandatory medical examination in 
aa Drivers Under Influence (DUI) population, die aim is not to en-
hancee health but to enhance traffic safety. Because diagnosis may be 
challengedd in court diagnosis is restricted to certain or definite 
cases.. In legal settings, high specificity of diagnostic tests is impor-
tantt because incorrect diagnoses have unacceptable legal conse-
quences. . 

Understandingg the legal dilemma is essential in choosing between 
thee different diagnostic procedures. The dilemma is to find a bal-
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ancee between two opposite aims. On the one side, the requirement 
iss to enhance traffic safety (for the common good) - each missed di-
agnosiss endangers traffic safety and may have serious consequences 
forr other people. On the other side, the requirement is to protect the 
rightss of the individual - each incorrect diagnosis has serious conse-
quencess (for the individual) such as losing employment after being 
disqualifiedd from driving. 

Anotherr issue to consider in evaluating diagnostic procedures in 
alcoholismm is that most screening instruments for AUD and HAU 
aree unfit if patient deny their drinking. In forensic settings, such as 
aa mandatory diagnostic evaluation of alcoholism in DUI's, one can 
expectt a very high probability of denial (2). 

Summingg up, the ideal diagnostic procedure for confirming HAU 
orr AUD in forensic settings has to meet two requirements: (A) the 
diagnosticc procedure should be highly specific and based on plau-
siblee reasons for the diagnosis alcoholism, in order to justify the 
confiscationn of the drivers license; (B) the diagnostic procedure 
shouldd identify cases objectively, independent of the subjects' will -
ingnesss to admit alcohol use and related problems. Biochemical 
teststests for alcoholism can be used in order to deal with the problem of 
deniall  (3). However, as these markers show only poor to moderate 
specificity,, they do not fulfil l the first requirement and therefore 
cannott be used in forensic settings without extra information to con-
firmm the diagnosis of alcoholism. 

Inn order to deal with the above-mentioned requirements, we de-
velopedd a Restrictive Diagnostic Procedure (RDP), based on bio-
chemical,, clinical and psychological instruments (4). RDP is a diag-
nosticc algorithm, based on clinical history and laboratory markers, 
withh several decision points, aiming to identify only definite cases 
off  AUD and HAU. RDP however has three limitations: (a) RDP is 
mostlyy based on clinical experience and not on hard empirical data; 
(b)) in earlier research, RDP identified only 31 % of a DUI population 
ass alcoholics (4); and (c) RDP does not make use of the a priori 
prevalencee of alcoholism in the population in which the diagnostic 
testtest is being performed. 

Inn order to deal with these limitations of RDP, we devised a con-
firmatoryy diagnostic instrument, the Bayesian Alcoholism Test 
(BAT).. BAT is an expert system. This expert system yields a prob-
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abilityy for the patient to suffer from HAU after the imputation of 
dataa about the estimated prevalence of the disease in the target 
population,, and data of a particular patient (e.g. values of selected 
bloodd markers and objective clinical signs). In an earlier paper, we 
describedd the development and first validation study of BAT in 
threee populations: alcoholics, heavy drinkers and controls. We 
foundd that BAT had better confirmation properties than conven-
tionaltional biochemical markers for identifying HAU (5). 

Inn the present study, RDP and BAT wil l be compared with two 
standardd diagnostic procedures: (1) a fully structured interview 
(Compositee International Diagnostic Interview: CIDI), and (2) a 
routinee clinical approach (Clinical Diagnostic procedure: CDP) in a 
populationn of DUI's. 

SUBJECTSS AND METHODS 

Thee medical ethics committee of the St. Lucas Andreas Hospital ap-
provedd the study protocol. All participants of the study gave in-
formedd consent; the research was carried out according to the pro-
visionss of the Declaration of Helsinki of 1975, as revised in 19%. 

Subjects Subjects 
Thee study population consisted of 177 consecutive male DUI's who 
weree referred for diagnostic evaluation between June 1998 and 
Augustt 1999 after driving under the influence of alcohol. Of these, 
611 subjects were excluded because they refused to participate in the 
studyy (n=50) or because of incomplete clinical or biochemical data 
(n=ll),, leaving a study population of 116. 

Inn accordance with Dutch traffic regulations the following 4 
groupss were included for referral and examination: (1) DUI's with 
att least one arrest with a Blood Alcohol Level (BAL) >2.1%o (high 
BALL group n - 29); (2) DUI's with al least four arrests with any BAC 
abovee 0.5 %o within 5 years, or three such DUI arrests and earlier 
educationall  course on drinking driving (many arrests group n = 11); 
(3)) people who refused to cooperate with breath analysis (refusal 
groupp n = 34); and (4) former DUI's who apply for re-granting their 
drivingg license after losing their license for 12 months because of a 
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diagnosiss of alcoholism (n = 42). The first three groups are manda-
torytory referrals and are summed in the tables as first-examination 
groupp (n=74). The last group is self-referred and is called the re-
examinationn group (n=42). 

StandardizedStandardized clinical data collection 
Alll  DUI's were examined and diagnosed by the same physician 
(AK).. The examination was recorded in a standardized clinical re-
portt of which a part was used for the legal procedure on behalf of the 
Dutchh Traffic Test organization. The clinical report of each subject 
consistedd of history taking, instruments to assess AUD, alcohol in-
takee and patterns of alcohol use, physical examination and bio-
chemicall  measurements. 

Historyy taking focused on clinical signs of alcoholism and on the 
presencee of non-alcoholic causes mat can elevate the same bio-
chemicall  markers that are raised in alcoholism. The latter included 
questionss about current and past illness, specifically diabetes, liver 
diseases,, blood transfusions and intravenous drug use, anemia, and 
thee use of prescribed drugs. 

Instrumentss to assess alcoholism symptoms. To assess whether 
thee subject had AUD according to DSM IV or ICD10 the Composite 
Internationall  Diagnostic Interview (CIDI-2.1), section J on alcohol 
wass administered. The CJDI is a reliable and valid, fully structured 
diagnosticc interview that enables diagnosis to be computer-
generatedd according to ICD-10 and DSM-IV- criteria (7,8). For the 
screeningg of alcohol problems the CAGE questions were used (ac-
ronymm based on its four questions: Cut down drinking, Annoyed by 
criticismm about drinking, Guilty feelings about drinking, and Early 
drinkk [drinking in the morning]) (9). 

Alcoholl  intake and patterns of alcohol use over the last three 
monthss were assessed using the Timeline Foliowback (TLFB-90). 
Thiss is a retrospective self-report survey that allows for the collec-
tionn of information on drinking behavior in the 90 days before the 
assessmentt (10,11). The amount of alcohol was documented in alco-
holl  units (AU); a standard drink in the Netherlands containing ap-
proximatelyy 10 grams of ethanol. 
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BiochemicalBiochemical measurements: 
Venouss blood samples for determination of hemoglobin (Hb), He-
matocritt (Ht), red blood cell count (E), Mean Cell Volume (MCV), 
carbohydrate-deficientt transferrin (CUT), Gamma glutamyltransfer-
asee (GGT), aspartate aminotransferase (AST), alanine aminotrans-
ferasee (ALT) and alkaline phophatase (AP) were taken. Serum sam-
pless for CDT were frozen within 4 hours after collection and stored 
att - 20°C until use. CDT was analyzed in duplicate, using a com-
merciall  kit ChronAkoLD. (Sangui Biotech Inc., U.S.A.). This test 
hass been validated both analytically and clinically (12,13). 

Measurementt of serum GGT, ALT, AST and AP was executed 
withinn 4 hours with VITROS (Ortho Clinical Diagnostics) at 37°C. 
Hb,, Ht, E, MCV were kept at room temperature and analyzed 
withinn 4 hours with Technicon H2 analyzer, Bayer. For ALT, AST, 
GGT,, MCV and AP we used the cut off recommended by the clini-
call  laboratories in the region where the test were performed. The 
referencee limit of CDT was > 3 U/L AP > 135UA GGT > 65 U/l, 
ALTT > 50 U/l, AST > 45 U/l, MCV > 97 fl. 
Physicall  examination included blood pressure, liver palpation, ob-
servationn of skin abnormalities indicative for liver dysfunction (spi-
derr naevi, erythema palmare) and neurological examination in or-
derr to find dysfunctions indicative of polyneuropathy or with-
drawall  symptoms. 

DiagnosticDiagnostic procedures 
Ass the diagnostic window of biochemical markers does not exceed 
2-33 months, the emphasis in the different diagnostic procedures is 
onn current diagnosis (from the time of the examination until 3 
monthss backward). 

Dataa from clinical reports of every subject were processed in five 
diagnosticc procedures: CIDI, RDP, BAT, BAT without Cage and 
CDP.. The diagnostic procedures are not fully independent but are 
essentiallyy different. The differences are summarized in table 1. 
1.. Composite International Diagnostic Interview (CIDI) is described 
above. . 
2.. Restrictive Diagnostic Procedure (RDP) uses a simple algorithm 
andd intents to identify only definite cases. AUD or HAU diagnosis 
wass only made if either a) CIDI was positive, orb) if simultaneously 
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twoo or more biochemical tests were elevated, (CDT and GGT, CDT 
andd ALT, CDT and AST, CDT and MCV>97, GGT and MCV>100, 
MCVV and ALT or MCV and AST), arc) simultaneous elevation of 
onee biochemical test and presence of at least one clinical sign or 
clinicall  symptom were present CDT and hepatomegaly, and CDT 
andd cage>2. When there was a possible non-alcoholic cause for 
positivee biochemical and clinical signs, diagnosis was not made. An 
earlierr version of the RDP is described in detail in a previous paper 
(4).. In the earlier version of RDP we used SOD; in this study we 
usedd C3DI as it generates also ICD-10 AUD disorders. 
3.. Bayesian Alcoholism Test (BAT) is a probabilistic expert system, 
basedd on Bayesian statistics. BAT is designed as a graphical struc-
ture,, the nodes of which represent diseases, symptoms and bio-
chemicall  tests, and where an arrow going from disease to symptom 
orr biochemical test, indicates that the symptom or test is dependent 
onn the disease (FIGURE 1 p. 80). The a priori probability of the dis-
easee (estimated prevalence of the DUI population; left side of figure 
1:: population) is modified by combining information of the a priori 
probabilityy with diagnostic data, such as clinical signs or biochemi-
call  markers, from a particular patient (right and bottom side of fig-
urel)) resulting in a posterior probability of the disease for a specific 
patient.. BAT uses the probabilistic relationship between the disease 
andd all known signs/ markers simultaneously in order to calculate 
thee posterior probability for each subject to suffer from the disease. 
Forr further details on BAT, we refer the interested reader to our 
previouss study on BAT (5). In the case of alcoholism, starting from 
thee è priori prevalence, BAT combines all data, shown in figure 1, 
onn each subject and yields a posterior probability for the patient to 
sufferr from HAU. On the basis of earlier research in a different but 
fullyy comparable DUI population we estimated the a priori preva-
lencee (base rate) of HAU in our DUI population to be approximately 
50%% (4). In that study we found that the best accuracy of BAT was 
obtainedd when the cut off was set at a BAT-score of 50 (5). 

Inn order to correct for a negative influence of denying subjects we 
alsoo calculated probabilities of HAU with a version of BAT without 
Cage,, thereby avoiding the risk of false negative CAGE-input. 
4.. Clinical Diagnostic Procedure (CDP) is based on clinical reason-
ing.. In this diagnostic procedure a diagnosis was reached by clini-
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call  judgement after evaluation of all available data, according to 
usuall  clinical practice. Biochemical markers, CIDI, historical data, 
clinicall  signs, and instruments to assess alcohol problems and 
maximall  amount of drinking in one day (TLFBMAX) were used. 
Historiess included time and circumstances of arrest. A police report 
off  the Blood alcohol Level (BAL), data of earlier DUI arrests and re-
portss of earlier medical examinations after DUI were available. All 
dataa and clinical signs were assessed as either diminishing the 
chancee of current AUD, increasing the chance of current AUD, or 
confirmingg AUD diagnosis. A positive diagnosis of current AUD 
wass made if the above described CIDI and RDP procedures resulted 
inn an AUD diagnosis or if several AUD probability -increasing -data 
weree present without the presence of potential confounding effects 
off  physical, non-alcohol related, illnesses or drugs. 

Tablee 1 shows which items were used for the different diagnostic 
procedures. . 
CIDII  results only in AUD diagnosis, BAT and BAT without CAGE 
resultt only in HAU diagnoses. The other procedures (CDP, RDP) 
resultt in either an AUD diagnosis, a HAU diagnosis or both. We 
hereafterr refer to both HAU and AUD as "alcoholic". 

StatisticalStatistical analysis 
Groupp characteristics of DUI's were compared using ANOVA. 
Whenn differences between the four groups were significant post 
hocc comparisons were made using Tukey honestly significant dif-
ference.. Frequencies of diagnoses according to the different diag-
nosticc systems were calculated. The differences were calculated us-
ingg McNemars test and confidence intervals for the differences were 
calculatedd using Wilson's test (14). 
Differencess in diagnostic groups concerning drinking parameters 
andd characteristics of DUI arrests were assessed using T test 
Levene'ss test of equality of variances was performed and used for 
T-testt Agreement and differences between diagnostic procedures 
weree described with kappa. The reasons for differences between the 
diagnosticc procedures were described qualitatively. All statistics 
weree performed with Statistics Package for Social Sciences (SPSS for 
Windows,, 11.0,2000) and the statistics software Confidence Interval 
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Analysiss (CIA) , version 2.05. 

Tablee 1 
Differencess and similarities of the 5 diagnostic procedures: Items used in a 
standardd fuDy structured interview (C3DI), a restrictive diagnostic proce-
duree (RDP), a standard clinical diagnostic procedure (CDF) and a Bayesian 
alcoholismm test (BAT) with and without Cage. 

CIDI I 
CAGE E 
Medicall  History 
Physicall  Examination 
Biochemicall  data 
Infoo about DUI  arrest 
Drinkin gg Patterns 
(a.o.. TJfbmax) 
Basee rate Estimate 
"algoritm " " 
AUDD Diagnosis 
HAUU Diagnosis 

ODI I 

+ + 
--

--

--

+ + 
+ + 

RDP P 

+ + 
+ + 
+ + 
+ + 
+ + 
--

+ + 
+ + 
+ + 

CDP P 

+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 

+ + 
+ + 

BAT T 

--
+ + 

+ + 
+ + 
--

+ + 
+ + 

+ + 

BAT T 
without t 

Caise e 

--

+ + 
+ + 
--

+ + 
+ + 

+ + 

BAL::  Blood alcohol Level; AU: alcohol units; TIfbmax: maximal used AU 
inn one day in last three months. HAU: Hazardous Alcohol Use. AUD: 
Alcoholl  Use Disorder 

RESULTS S 

SampleSample characteristics of the DUI subgroups 
Tablee 2 shows, not surprisingly, that the second group ("many ar-
restss group" ) had significantly more arrests in the last 5 years than 
thee other  groups (pO.000). Also the BAL of the first group ("hig h 
BALL  group" ) was significantly higher  than the mean BAL in the 
otherr  groups (p<0.000). There were no significant differences be-
tweenn the groups in terms of drinkin g parameters (reported 
AU/week,, TIfbmax and percentage of drinkin g days). 
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Tablee 2. 
Groupp characteristics of 4 different groups of 116 drivers under  influ -
ence.. 1) DUI' s with at least one arrest with a Blood Alcohol Level (BAL) 
>2.1%.. (n«29) 2) four DUI' s arrests with any BAC above 0.5 %o within 5 
yearss (n- 11), 3) refusal to cooperate with breath analysis (n~34). (Ex-
aminationn group n- 74). 4). DUI' s that apply for re-granting the drivin g 
licensee after  previous DUI, medical examination and loss of permanent 
drivin gg license for 12 months because of diagnosis of alcoholism (re-
examinationn group n-42). 

Agee (years) 
BALL  at last ar-
restt  (%.) 
Noo DUI  arrests 
Iast5yrs s 
Reported d 
AU/week k 
Tlfbmax x 
%%  of drinkin g 
days s 

Highh BAL 
groupp 1: 
(n-29) ) 

42(83) ) 
2 3 3" " 
(0,20) ) 

1,48(0,74) ) 

14^6 6 
(1931) ) 

9,1(7,45) ) 
33,11 (313) 

Many y 
arrests s 

groupp 2: 
(n-11) ) 
35(7,7) ) 

1311 (0,26) 

436**  (1,69) 

20,45 5 
(16,62) ) 

11,7(73) ) 
52^(35,1) ) 

Studyy sample 

Refusal l 
groupp 3: 
(n-34) ) 

400 (12,3) 
132(0,43) ) 

136(031) ) 

7,90(836) ) 

6,6(737) ) 
27,96 6 
(28,1) ) 

Firstt  ex-
amination n 
groupss 1-3: 

(n-74) ) 
403(10,4) ) 
134(039) ) 

2,0(1,4) ) 

123(15,7) ) 

833 (6,5) 
333(31,2) ) 

Re--
examination n 

groupp 4: 
(n-42) ) 
42(9,2) ) 

132(0,61) ) 

1,211 (1,29) 

9,70(15,70) ) 

73(7,0) ) 
3336(34,72) ) 

P P 

n.s. . 
0,000 0 

t t 
0,000 0 

t t 
0,061 1 

0,106 6 
0,283 3 

Valuess are mean  SD 
tt significant difference between the groups at p<0,000 
**  significant more arrests than other groups p<0,000 
***  significant higher BAL than other groups p<0,000 
BAL:: Blood akohol Level; AU: akohol units; Tlfbmax: maximal used AU 
inn one day in last three months 

FrequenciesFrequencies of diagnoses according to the different diagnostic sys-
tems tems 
Tablee 3 shows mat BAT (53%) and CDP (50%) identify significanüy 
moree subjects as alcoholics than CTDI (8%) and RDP (28%). There 
aree no significant differences between BAT, BAT without Cage and 
CDP. . 
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Thee prevalence of alcoholism (respectively HAU or AUD) according 
too the different diagnostic procedures was not significantly different 
betweenn the DUI groups, except that according to RDP group 2 had 
aa significantly lower prevalence of alcoholism than group 1,3 and 4. 

Tablee 3. 
HAUU and/or AUD diagnosis for different diagnostic procedures in 4 
subgroupss of 116 Drivers under influence. 

Diagnostic c 
procedure e 
Groupp 1 <n-29) 

Group2(n~ll) ) 

Groupp 3 (n*34) 

ODI I 

33 (10,3%) 

00 (0,0%) 

55 (14,7%) 

RDP P 

13(44,8%) ) 

l 11 (9,1%) 

8(23,5%) ) 

CDP P 

188 (62,1%) 

7(63,6%) ) 

15(44,1%) ) 

BATT with-
outt cage 
18(62,1%) ) 

6(54,5%) ) 

17(50%) ) 

BAT T 

18(62,1%) ) 

6(54,5%) ) 

15(44,1%) ) 

Groupp 1-3 (n- 74) 8 (10,8%) 22 (29,7%) 40 (54,1%) 41 (55,4%) 39 (52,7%) 

Groupp 4 (n*42) 1 (2,4%) 10(23,8%) 18(42,9%) 20(47,6%) 22(52,4%) 

Totall  (n-116) 9(7,8%)*  32(27,6%)*  58(50%) 61(52,6%) 61(52,6%) 

'Differencess between diagnostic systems for all subjects at p<0,05 
(HDKBA TT (difference 0,44,95%d 0,34- 0,53), RDP<BAT (difference 0,26,95%a 0,16-
0,35), , 
ODKBATwcc (difference 0,44, 95%Q 0,33-0,53), RDP<BATwc (difference 0,25, 95%Ct 
0,15-034) ) 
CTDKCDPP (difference 0,41, 95%C3:0,32-0,50), RDP<CDP (difference 0,23, 95%d: 
0,14-0^2) ) 
ODKRDPP (difference 0,2,95%d: 0,13-0,28) 
Noo significant differences between BAT, BAT without Cage and CDP. 
11 Differences between subgroups at p<0,05. Only with RDP group 2 has lower 
prevalencee than group 1, group 3 and group 4. No other significant differences be-
tweenn subgroups on any of the diagnostic systems. 

DifferencesDifferences in diagnostic groups concerning drinking parameters 
andand characteristics of DUI arrests indicative for HA U 
Ass shown in table 4, there were significant differences of mean re-
portedd amount of drinking (AU/week), between positive or nega-
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tivetive diagnosis, in all diagnostic procedures except C3DI. There were 
alsoo significant differences of maximal amount of drinkin g between 
positivee or  negative diagnosis for BAT and BAT without Cage, but 
nott  for  RDP and CIDI . This difference was not calculated for  CDP, 
sincee maximal amount of drinkin g was incorporated in CDP. There 
weree also significant differences of percentage of drinkin g days for 
alll  diagnostic procedures except CIDI . 

Tablee 4. 
Differencess of drinkin g parameters between positive and negative diag-
nosiss in CIDI , RDP, BAT, BAT without Cage and CDP 

Diagnostic c 
procedure e 
Diagnosis s 
Mean n 
AU/week k 
TLFBMA X X 
Percentagee of 
drinkin gg days 
BALK . . 
Meann no of ar-
restss in last 5 
years s 

CIDI I 

+ + 
23,0 0 

11,0 0 
54,2 2 

1,9 9 
1,9 9 

10,5 5 

7,6 6 
32,3 3 

1,8 8 
13 3 

RDP P 

+ + 
17,7 7 

93 3 
47,2 2 

1,9 9 
1,6 6 

9,1* * 

7,1 1 
28,4* * 

13 3 
13 3 

CDP P 

+ + 
18,7 7 

10,0 0 
473 3 

13 3 
2 2 

43* * 

5,7 7 
19,7* * 

1,9 9 

13 3 

BATT wim-
outt  Cage 
+ + 

18,1 1 

9,4 4 

443 3 

13 3 
13 3 

63* * 

6,1* * 
213* * 

1,9 9 
1,7 7 

BAT T 

+ + 
16,9 9 

9,1 1 
42,7 7 

13 3 
1,9 9 

53* * 

6,4* * 
233* * 

1,9 9 
1,6 6 

Valuess are mean 
*Differencess between positive and negative diagnosis foT all diagnostic procedures at 
p<035 5 
DifferenceDifference mean AU/week in CIDI  is 12,5 (95% CI: -8,0 - 3£9), in RDP is 8,6 (95% CI: 
73-163),, in CDP is 14,4 (95% O: 9,2-19,6), in BAT without Cage is 9,9 (95% O: 43 -
153),, and BAT is 11,4, (95% a: 6,2 -163). 
DifferenceDifference mean TLFBMAX  in CIDI  is 3,4 (95% Q: -1,4 - 8,2), in RDP is 23 (95% Ct -
0366 - 5,7), in BAT without Cage is 33 (95% CI: 03 -5,9) and in BAT is 2,73, (95% CI: 
0,2-53)--
DifferenceDifference in mean percentage of drinking days in CIDI  is 21,9 (95% CI: -4,9 - 48,8), 
inn RDP is 18,7 (95% O: 3,1-34,4), in CDP is 27,6 (95% 0:153- 39,4), in BAT without 
Cagee is 22,9 (95% 0:103 -353), and in BAT is 19,1 (95% 0:6,7 - 31,4). 
Noo significant differences between mean Blood alcohol levels and between mean 
numberr  of arrests for  all diagnostic procedures 

109 9 



Theree was no significant difference in Blood Alcohol level and in 
numberr of arrests in the last 5 years between positive or negative 
diagnosiss for all diagnostic procedures. 

AgreementAgreement and differences between diagnostic procedures 
Thee agreement and differences between the diagnostic procedures 
aree described in Table 5. The kappa between BAT, BAT without 
Cagee and CDP are all above 0,74, indicating high agreement. 

Table5. . 
Agreementt  and differences between différent diagnostic procedures. 
BAT::  Bayesian Alcoholism test; BATwc: BAT without cage. CDP: Clinical 
Diagnosticc Procedures. RDP: Restrictive diagnostic Procedure. QDI: 
Compositee International Diagnostic Interview. 

Comparisons s 
BAT-BATw c c 
BAT-CDP P 
BAT-RDP P 
BAT-QDI I 
BATwc-CDP P 
BATwc-RDP P 
BATwc-- QDI 
CDP-QDI I 
CDP-RDP P 
RDP-ODI I 

++ + 
55 5 
53 3 
27 7 
7 7 

52 2 
27 7 
6 6 
8 8 

27 7 
9 9 

— — 
49 9 
50 0 
50 0 
53 3 
49 9 
50 0 
52 2 
57 7 
31 1 
84 4 

++ -
6 6 
8 8 
34 4 
54 4 
9 9 

34 4 
55 5 
50 0 
53 3 
23 3 

-- + 
6 6 
5 5 
5 5 
2 2 
6 6 
5 5 
3 3 
1 1 
5 5 
0 0 

Kappaa and 95% Q 
0,793(0,681-0,904) ) 
0,776(0,661-0,891) ) 
0,343(0,075-0,511) ) 
0,0755 (-0,099-0,249) 
0,7411 (0,619-0,864) 
0,3433 (0,075- 0,511) 
0,0422 (-0,132-0,216) 
0,1211 (-0,060-0301) 
0,379(0,211-0,548) ) 
0,362(0,128-0,595) ) 

QualitativeQualitative differences between BAT, BAT without Cage and CDP 
Thee qualitative differences between BAT and CDP are summarized 
inn table 6. The subjects that scored negative on BAT and positive on 
CDPP (5 subjects) had higher reported alcohol consumption (mean 
differencee 11 AU/week; 95% CI 1,4-21,1). This result could be bi-
asedd as there is also higher TLFBMAX (difference 5,9 AU/day; 95% 
CII  0,07-11,7), and TLFBMAX was incorporated in CDP. In the oppo-
sitee case when BAT scored positive while CDP scored negative (8 
subjects),, the GGT was more often (4 subjects) elevated above cut 
off. . 
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Tablee 6. 
Specificc reasons for discrepancies between BAT and CDP diagnoses 

BATT HAU diagnosis, CDP no diagnosis 

Subjectt  and DUI 
group p 
1.. Examination group 

BAT T 
score e 

60 0 

Clinicall  data 

ALTT 55 U / l GGT125 U / l smoking 6 
sig/dd 1 DUI arrest 

2.. Examination group 67 7 ALTT 64 U / l GGT 71 U / l smoking 20 
sig/d,, LRA 5 AU, Hepatitis present 

3.. Examination group 54 4 Cage=2,, CDT 2,9, therapist writes patient 
stoppedd drinking 6 months ago 

4.. Re-examination 
group p 
5.. Re-examination 
group p 

59 9 

'W 'W 

Cage=2,, CDT 2,7 U / l smoking 10 sig/d, 
TIfbmaxx 10 au 
Cage=3,44 DUI arrests last 5 years, Cage 
answerr interpreted as unreliable 

6.. Re-examination 
group p 

98 8 CDTT missing, AST 46 U/1 AST/ ALT ra-
tioo 1,1, MCV 97 fL, BMI36, tolerance 5 
AU,, cirrhosis. 

7.. Re-examination 
grottP P 

55 5 GGTT 68 U / l hepatomegaly 

8.. Re-examination 
group p 

65 5 ALTT 61 U / l GGT 80 U / l BMI 31, smo-
kingg 4 sig/d, LRA 7 au. 

CDPP diagnosis, BAT HAU no diagnosis 

Subjectt  and DUI 
group p 
1.. Examination group 
2.. Examination group 

3.. Examination group 
4.. Examination group 
5.. Examination group 

BAT T 
score e 

45 5 
25 5 

25 5 
49 9 
31 1 

Clinicall  data 

CDTT 2,9, MCV 99 fL, tlfbmax 7 au 
Cage=2,, smoking 5 sig/d, tlfbmax 20 au, 
33 DUI arrests in last 5 years ^^  JuSwl. H l I C 9 V 7 U I  H U l ^  J .̂M.1 fcT 

CDTT missing, 2 arrests in last half year 
CDTT 2,8, AAG1025 
CDTT 2,6, tlfbmax 8 AU, 5 dui arrests in 
lastt 5 years _ _ __ 

BATT cut off 50, CDT 2,6%, GGT cut off 65 U / l ALT 50 U / l AST 45 U/ L 
MCVV 97 U / l BMI 25, LRA 5 AU, Cage 22 
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Thee subjects that scored negative on BAT without Cage and positive 
onn CDP (6 subjects) had higher Cage values (mean difference 1,6; 
95%% confidence interval 0,4-2,8), and higher amount of DUI arrests 
inn the last 5 years (mean difference 2,0, 95% C3 0,7-3,3). In the oppo-
sitee case when BAT without Cage scored positive while CDP scored 
negativee (9 subjects), GGT had higher values (mean difference 33 
U/l ;; 95% Q 5-61) and was more often elevated above cut-off values 
(66 subjects) 

DISCUSSION N 

Inn this study we used several diagnostic procedures to identify 
AUDD or HAU in a population of DUI's. We found that BAT and 
BATT without Cage and CDP identified the highest number of cases 
(52,6%,, 52,5% and 50% respectively). RDP identified 27,8% and ODI 
onlyy 7,8%. There was a high agreement between BAT, BAT without 
Cagee and CDP. For all diagnostic procedures except ODI there was 
aa significant difference in the average amount of drinking 
(AU/week)) and in percentage of drinking days between subjects 
thatt scored positively and subjects that scored negatively. BAT, 
BATT without Cage and CDP, but not RDP and C3DL were associ-
atedd with the maximally used alcohol units in one day. Blood alco-
holl  level and number of arrests in the last 5 years did not differenti-
atee between positive or negative diagnosis in all procedures. 

Furthermore,, we found that there were almost no differences 
amongg the different subgroups within the population. The group 
withh four or more prior arrests and the group with high BAL s did 
nott differ on most diagnostic tests. Surprisingly, the examination 
groupp did not differ from the re-examination group. One would ex-
pectt that subjects in the re-examination group would apply for re-
grantingg their driver's license after they stopped or reduced their 
drinkingg and would score more often negative on the diagnostic 
procedures.. It should be noted, however, that this group consists of 
onlyy those subjects who did get an alcoholism diagnosis in their first 
examination. . 

Ourr study was an exploratory study, with the purpose of exam-
iningg how the different diagnostic procedures performed and 
whetherr any assumptions can be made as to which procedure is 
better.. As there is no gold standard, we cannot definitely indicate 
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whichwhich test was better. We wil l however consider the pros and con's 
off  the diagnostic procedures as to which might be the most suitable 
inn the specific context of forensic DUI's examination. 

AA first consideration is that the diagnostic procedures used in the 
presentt study are not fully independent. ODI is incorporated in 
RDP,, and both RDP and C3DI are incorporated in CDP. Not sur-
prisingly,, additional data resulted in more AUD diagnosis. 

AA second consideration is that the different diagnostic procedures 
identifyy different diagnostic categories. ODI produces AUD diag-
nosis,, while RDP, CDP and BAT produce a combination of AUD 
andd HAU diagnosis. BAT without Cage gives only HAU diagnosis. 
Therefore,, it is not surprising that BAT had better correlation with 
drinkingg patterns than ODI. 

Itt can be assumed that ODI underestimates AUD diagnosis as it 
identifiess only those DUI's who are aware of, and are willing to be 
openn about, their alcohol problems. Also RDP might result in un-
der-diagnosiss because physical signs of alcoholism are late symp-
tomss of alcoholism and some alcoholics may not show elevations on 
biochemicall  tests. Especially in young subjects biochemical markers 
havee a low sensitivity for the detection of HAU (15-17). 

Ann earlier study indicated that the prevalence in a DUI popula-
tionn should be in the range of 50 to 75% (4). BAT and BAT without 
Cagee give prevalences that are consonant with mis indication. Fur-
thermore,, BAT and BAT without Cage have the advantage of objec-
tivity .. Clinical intuitions, which have been proven to be often de-
ceptive,, do not interfere with the results of BAT. For example, in a 
subjectt with cirrhosis or hepatitis, laboratory abnormalities are at-
tributedd by the clinician to the possibility of non-alcoholic liver dis-
easess and therefore the clinician is not sure enough to make an al-
coholismm diagnosis. BAT is constructed in such a way that the labo-
ratoryy abnormalities might be attributed to non-alcoholic liver dis-
eases,, alcoholism or both. Maybe the clinician is too lenient here, as 
alcoholismm is the most probable cause for the liver problems in mis 
population.. Another example is the fact that BAT scores HAU posi-
tivee when GGT is increased in combination with hepatomegaly, and 
iff  the alternative reasons for such an increase are negative. Clini-
callyy this seems counterintuitive, as an elevated GGT seems a too 
weakk confirmation of alcoholism and hepatomegaly is not a very 

113 3 



precisee measurement. However, in a population with such a high 
prevalencee of HAU, it is far  more probable that the increased GGT 
andd the hepatomegaly are due to excessive alcohol use than to any 
otherr  unknown cause. 

Anotherr  important issue when considering our  results is the cer-
taintyy of the diagnosis. As stated in the introduction : understanding 
thee legal dilemma is essential in choosing between the different di-
agnosticc procedures. The dilemma is to find a balance between two 
oppositee aims. On the one side, the requirement to enhance traffi c 
safetyy (for  the public); each missed diagnosis endangers traffi c 
safety.. On the other  side there is the interest of the individual 
driver .. One must consider  that the legal context of evaluation of 
medicall  diagnostic procedure falls under  administrativ e law. Diag-
nosticc procedures in this context are part of an administrativ e legal 
proceduree to evaluate whether  the subject has the right to  have a 
drivin gg license. Whil e in criminal law the burden of proof must be 
givenn "beyond reasonable doubt" , in administrativ e law less strict 
prooff  is required. The proof is set at a "plausible"  or  "most likely" 
levell  and proportional to the great "common good"  that is at stake. 

Forr  traffi c safety, the main question is the likelihood that a DUI 
wil ll  driv e under  the influence of alcohol again, or  the recidivism 
risk.. When drivin g under  the influence of alcohol, the chance of 
"bein gg caught"  by the police is very low. This means that group 2, 
thee group with at least 3 prior  arrests, is a group mat drives often 
underr  influence of alcohol and did not diminish that behavior  after 
theirr  first or  second arrest. One could assume that this group is a 
groupp with a fairl y high recidivism risk. However, this group has 
noo higher  positive scores on any of the diagnostic procedures. Wit h 
RDP,, this group even had a significantly lower  prevalence than the 
gTOupp with one prior  arrest with high BAC. With QDI , no one of 
thiss group scored positively. 

Basedd on the findings of the current study and our  previous re-
searchh with the BAT (5) we can conclude that in a population of de-
nyingg subjects, the only diagnosis that can be made is HAU. The re-
sultss of our  previous study indicate that BAT has better  diagnostic 
propertiess than the conventional biochemical markers for  identify-
ingg HAU. Based on the prevalences found and the discrepancies 
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betweenn BAT and CDP, the apparent advantage of objectivity with 
BATT seems to be confirmed. 
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