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Chapterr  1 

INTRODUCTIO N N 

Medicall  diagnostics is classification with an aim1. In health care the 
aimm is therapy and prognosis for an individual patient. This aim 
structuress diagnostic activities: if therapy and prognosis for two dif-
ferentt alcohol disorders are the same, the clinician feels no obliga-
tionn to put a lot of effort in distinguishing the two disorders. How-
ever,, the clinician can have reasons to differentiate within well-
acceptedd diagnostic categories. There is for example a hypothetical 
rationalee to distinguish different types of craving in alcohol de-
pendentt patients. Patients with reward craving are thought to bene-
fitt more from naltrexon while patients with relief craving are 
thoughtt to benefit more from acamprosate (1,2). 

Inn a general sense the studies in this dissertation were inspired by 
ann interest in diagnostic reasoning, and its end product clinical di-
agnosis.. More precise, the aim of the studies is to examine the ra-
tionalee of the clinical diagnosis of alcoholism in forensic situations. 

Understandingg the difference between health care diagnostics and 
forensicc diagnostics is essential to understand some of the decisions 
madee in the course of the studies. 

Inn many health care situations the diagnosis of alcoholism is rela-
tivelyy easy. When the patient crosses the door of an outpatient alco-
holismm treatment center and tells about his alcohol problems there is 
noo need for much clinical reasoning. Problems with alcohol are the 
coree of the psychiatric diagnosis of alcoholism. The physician has 
onlyy to check if the criteria for an alcohol use disorder (AUD) are 
mett to obtain diagnosis; severity of AUD and motivation of the pa-
tientt do not change diagnosis but are examined to estimate progno-

11 Strictly speaking one can differentiate the theoretical classification of syndromes as an ac-
tivit yy different from clinical diagnostics which is the assignment of one specific category from 
thee classification system to one individual patient. 
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siss and to decide about therapy. In other diagnostic situations, such 
ass diagnosing alcoholism in Drivers Under Influence (DUI's), ob-
tainingg a diagnosis requires more effort. 

Thee diagnostic examination of alcoholism in DUI's, described in 
thee third chapter of this dissertation, takes place in a legal setting. 
Accordingg to Dutch regulations on driving ability, a selected part of 
Driverss Under Influence (DUT s) are mandatory examined by a cli-
niciann (3). Offenders are informed that they wil l lose their license in 
casee of non-cooperation with the examination. Diagnostic proce-
duress in this context are part of an administrative legal procedure to 
evaluatee whether the subject has the right to have a driving license. 
Underr Dutch law, it is demanded that the subject has refrained from 
alcoholl  misuse for the last 12 months. In cases where alcoholism is 
diagnosed,, the license is withdrawn. 

Thee clinician gives the diagnosis in a legal context, which is quite 
anotherr context than the usual clinical one. Usually the clinician's 
goall  is the patient's best interest, but in the specific legal situation, 
trafficc safety is the point of reference. The last-mentioned does not 
alwayss converge with the subject's best interest. Losing a driver's 
licensee can have great consequences for one's job and social status; 
manyy DUI's feel that their drinking habits are not severe enough to 
warrantt a medical diagnosis. Furthermore the diagnosis, based on 
clinicall  arguments, may have to be defended in court. The focus of 
thee diagnostic aim in forensic evaluation of DUI's is not therapeutic 
butt prognostic. Specifically the aim is to estimate the probability of 
relapsee DUL 

Inn health care the diagnostic process is dynamic. If therapy is not 
successful,, the diagnostic process can be re-evaluated in order to 
checkk if there is an error in clinical reasoning or whether new data 
changee the diagnosis. In forensic diagnostics clinical reasoning and 
argumentss can not be re-evaluated after the decision that a DUI is 
ann alcoholic. The clinician gets one chance instead of many longitu-
dinall  data on the course of the disease. Thereafter he must be sure 
enoughh of the arguments to justify his diagnostic conclusion. 

Soo how does the legal context influence diagnostic reasoning and 
diagnosticc decisions? An example of a case can clarify this. The cli-
niciann made an alcoholism diagnosis that had to be defended sub-
sequentlyy in court. The clinical considerations are given in brackets. 
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AA 30 year old single living man, employed as accountant, has 
beenbeen arrested on a weekend night at 1 AM after drinking starting at 
88 PM, 6 vodka on a party at his sister's birthday and afterwards 4 
beersbeers in a bar, (Arrests in daytime and during the week are more 
suspectsuspect for alcoholism than nightly arrests in the weekend). The 
BloodBlood Alcohol Level (BAL) was 2,0 %>. (As each standard drink re-
sultssults in approximately 0,2%o and one standard drink is eliminated 
inin 1,5 hour, the reported intake is probably underestimated: (10 x 
0,2)0,2) - 5/1,5 = l,67%o). He has driven 10 km before being arrested (It 
isis not easy for a non-alcoholic to drive 10 km with a BAL of 2,0 %o) 

ItIt  is his first DUI arrest In the medical examination several 
monthsmonths after the arrest, the subject denies present or past social, 
psychologicalpsychological or physical problems due to alcohol. He smokes but 
usesuses no drugs. (Almost all alcoholics are smokers but the converse 
relationrelation does not hold). There is an elevated blood pressure: 
170/105170/105 mm Hg. (Alcoholism is a frequent cause of high blood 
pressurepressure in young subjects, but the converse relation does not hold). 
ThereThere are no other physical signs concurrent with alcoholism. 
(Physical(Physical signs are uncommon in young alcoholics and are mostly 
seenseen in late stage alcoholism). He states that he did not feel intoxi-
catedcated on the night of the arrest (It is uncommon that a non-alcoholic 
subjectsubject does not feel intoxicated after 10 drinks; the specificity of 
thisthis clinical sign is unknown). The subject says that after the arrest 
hishis drinking habits have changed from 5 alcoholic drinks each day, 
toto one glass of wine with diner and 3 other drinks twice a week. 
BloodBlood examination reveals a slightly elevated aspartate amino trans-
feraseferase (AST) and an elevated Gamma- glutamyltransferase (GGT) 
value,value, twice above the cut off level (AST and GGT are often elevated 
inin alcoholism) 

TheThe clinician makes the diagnosis of alcoholism, after which the 
subjects'subjects' driving license is withdrawn. The subject challenges this 
decisiondecision in court and brings to court a medical counter-expertise. 
ThisThis counter-expertise states that the subject used an above average 
amountamount of alcohol but is not an alcoholic. Furthermore it states that 
thethe slightly elevated AST is without value for diagnosing alcohol-
ism,ism, that there is another possible reason for the elevated GGT, (the 
subjectsubject uses paracetamol for headache). It also states that the ele-
vatedvated blood pressure is essential and has no relation with the sub-
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jectsjects alcohol use, and the fact that he did not feel intoxicated after 10 
drinksdrinks is not a proof of alcoholism. The expert witnesses for both 
partiesparties were not able to put probability numbers to the different ar-
guments.guments. In the end the court decided that the clinician had enough 
reasonsreasons to diagnose alcoholism because of the simultaneous occur-
rencerence of different symptoms. 

Thee question is: how valid is this decision? What are the chances 
thatt both the first clinician and the judge were wrong? 

Thee question that the Dutch Traffic Test Organization, Disqualifi-
cationn Division, asks from the clinician is: What is the psychiatric 
diagnosis,, based on clinical relevant signs and/or DSM criteria? In a 
subtextt mis is explained as: is there alcoholism in the broadest 
sense?? Implicit in mis question is the assumption that there are 
clinicall  signs that are not mentioned as DSM AUD criteria, but 
makee an AUD diagnosis more probable. 

Itt is important to realize mat the core business of the Dutch Traf-
ficc Test Organization, Disqualification Division is not to diagnose 
diseasee but to diagnose impairments that can endanger traffic safety 
(3).. For example, some subjects with schizophrenia with minor pa-
thologyy are estimated not to be impaired for driving, but other 
schizophrenicc patients with paranoid delusions about other car 
driverss are judged to be impaired. Essentially, the diagnostic 
evaluationn is about whether somebody is unfit to safely drive a car. 

Originally,, the question put to the clinician, was not diagnostic 
butt prognostic with regard to traffic safety: Is there an elevated 
probabilityy of repetition of driving under influence of alcohol? The 
diagnosiss of alcoholism was part of an overall evaluation on relapse 
DUI-- risk, under the assumption that an addicted subject wil l have 
ann enhanced probability of relapse in driving under influence be-
causee of loss of control over drinking behavior. However, physi-
cianss felt that this was not a question they were competent to an-
swer.. So in 1993, in a meeting between representatives of the Dutch 
Royall  Medical Association, The Dutch Psychiatrist Association and 
Thee Dutch Traffic Test Organization it was agreed to change the 
questionn in: Is there a diagnosis of alcoholism? If there is an alco-
holismm diagnosis, but in remission, the question runs: has enough 
timetime passed to predict mat the subject wil l not relapse in alcohol-
ism?? Because the examination takes place in a legal setting, the 
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Dutchh Traffic Test Organization has made great efforts to stan-
dardizee the clinical examination in order to enhance inter-clinician 
reliability. . 

Thee specific legal situation and the primary goal to enhance traffic 
safetyy lead to several conceptual, epidemiological and clinical ques-
tions: : 

1.. How to define alcoholism? 
2.. What is the prevalence of alcoholism in a DUI population? 
3.. Which clinical arguments are used for the diagnosis of alcoholism 

andd how valid are these arguments? 
4.. What is the value of the diagnostic tests used for the diagnosis of 

alcoholismm in a DUI population? 
5.. Is it possible to design a diagnostic tool that, by combining prob-

abilitiess of relationship between elevated biochemical markers 
andd clinical signs, enhances the diagnostic ability to confirm 
whetherr a subject regularly uses a hazardous amount of alcohol? 

6.. Does such a diagnostic tool work in a real forensic situation 
wheree DUI's are examined for alcoholism? 

Thee studies in this dissertation concern these complex questions. 
Thee questions are discussed in this introduction. In the conclusion 
sectionn some answers are given. More importantly, a method is 
suggestedd how to confirm the diagnosis of alcoholism in the context 
off  traffic safety. 

1.. How to define alcoholism 

Lett us start with a stipulative definition of alcoholism, which distin-
guishess alcoholism from "social drinking". 

Alcoholismm refers to a heterogeneous set of disorders. Two over-
lappingg conceptual frameworks are used to approach this set of 
disorders.. The first approach comprises the psychiatric diagnoses 
alcoholl  dependence and alcohol abuse (Alcohol Use Disorders: 
AUD),, and emphasizes loss of control and alcohol related social, 
psychologicall  and physical consequences. The second approach 
comprisess unhealthy drinking patterns, emphasizes their effects 
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onn physical health, and is often referred as hazardous alcohol use 
(HAU)(4,5). . 
Byy using the term alcoholism, clinicians mean either an AUD di-

agnosiss ór a HALT diagnosis, and mostly both at die same time. But 
itt is questionable whether this last use is correct. 

Wee started our study with a literature search about alcoholism in 
DUII  populations and were confronted with many different con-
ceptualizationss of alcoholism. Most frequently the studies referred 
too unspecified populations of "heavy drinkers". It was not simple to 
generalizee the results or translate them for populations defined with 
modernn definitions of alcoholism. 

Thee following eight diagnostic terms were used, often with vague 
definitions:: alcohol dependence, alcohol abuse, hazardous use, 
harmfull  use, alcohol misuse, excessive drinking, heavy drinking, 
problematicc drinking. Vague definitions often reflect vague ideas. 

AlcoholAlcohol dependence is an AUD diagnosis that is well described 
withh relatively reliable operational and almost identical criteria in 
thee Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) 
andd the ICD-10 Classification of Mental and Behavioral Disorders 
(ICD-10)) (6,7). 

AlcoholAlcohol abase is another well described AUD in DSM-IV, but its 
validityy is questionable as indicated by its' low temporal stability 
andd its' weak temporal relationship to alcohol dependence (only 
aboutt 10% with alcohol abuse wil l become alcohol dependent). Also 
thee fact that alcohol abuse is not associated with other forms of psy-
chopathologyy and finally the fact that most people with alcohol 
abusee have the diagnosis because they were using alcohol while 
driving. . 

HazardousHazardous use is a HAU diagnosis that is defined by drinking an 
amountt of alcohol that bears a risk to health (4,5). 

Too complicate matters, harmful use is both an AUD diagnosis 
withinn ICD 10, as well as a HAU diagnosis defined by drinking an 
amountt of alcohol that is a high risk to health (5). 

Thee terms alcohol misuse, excessive drinking and heavy drinking 
havee a moralizing connotation and have no informative value above 
thee terms used in AUD and HAU diagnoses. 

Thee term problematic drinking is too vague as it generally does 
nott refer to specific alcohol related problems. 
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Itt seems unavoidable to conclude mat if one wants to achieve pre-
cision,, one has to define alcoholism as either an AUD diagnosis, or 
ass a HAU diagnosis, or infer AUD diagnosis from signs of HAU, as 
iss implicit assumed in the above mentioned question from the 
Dutchh Traffic Test Organization. But can one infer AUD diagnosis 
fromm clinical signs indicating HAU? 

Theree exist a vast amount of research about the relationship be-
tweenn ethanol intake and AUD diagnosis (8,9). It has been shown 
thatt drinking parameters like frequency of drinking, the frequency 
off  drinking more than 5 Alcohol units/day on any one occasion and 
thee frequency of being intoxicated increase the risk of AUD diagno-
sis.. However, there is no research of the relationship between bio-
chemicall  markers of hazardous alcohol use and AUD diagnosis. In 
orderr to examine whether it is possible to infer AUD diagnoses 
fromm HAU diagnoses we examined whether subjects with AUD di-
agnosess had heavier drinking patterns and more biological damage 
thann subjects without AUD (measured in clinical and biochemical 
signs).. As it can be assumed that the hard core alcoholics in a DUI 
populationn represent only a minority while hazardous drinkers are 
moree frequently represented, (10) we studied this question in a 
populationn of well-functioning hazardous drinkers. This study is 
describedd in chapter two. This chapter is an abridged version of an 
earlierr study about the discriminant validity of Alcohol Use Disor-
derss from a different perspective (11). 

Ourr results converged with other research regarding the low va-
lidityy of the diagnosis alcohol abuse according to DSM-IV. More 
importantlyy in me context of our dissertation, we found that in our 
populationn of hazardous drinkers one could not assume that the 
moree severe hazardous drinkers have significantly more often an 
AUDD diagnosis. 

Theree is another reason to question the choice of defining alco-
holismm as AUD in DUI populations. A specific problem in diagnos-
ingg DUI's with questions whether AUD criteria are met is the high 
deniall  rate in this population (12,13). 

Onn first sight there is an easy solution for this problem: in order to 
improvee traffic safety one could broaden the usual AUD definitions 
off  alcoholism and diagnose all dubious cases as such, which seems 
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too be the line of reasoning of the Dutch Traffic Test Organization. 
Butt what are the consequences of such a decision? 

Inn health care such a decision is easily defended: if one can prove 
thatt some pre-clinical alcoholism states can be treated more success-
fullyy than full blown alcoholism, a physician can defend the cost of 
treatmentt to the health insurance that pays for them. In the legal 
context,, however, it is not as easy as that The problem is that in the 
environmentt of administrative law the rules are different. In a legal 
settingg one has to back up such a decision either with references to 
internationall  conventions (such as ICD-10 and DSM-IV, or defini-
tionss of HAU), or with scientific arguments such as a proven rela-
tionshipp between specific operational diagnostic concepts and an 
elevatedd risk of relapsing in DUI behavior. Such scientific studies 
aree indeed available (10). Alcoholics and excessive drinkers as a 
populationn are involved in significantly more collisions and driving 
underr influence when compared to nonalcoholic drivers or the gen-
erall  driving population. 

Inn conclusion one has to choose. As one cannot infer AUD from 
HAU,, and because AUD diagnoses are dependent on the coopera-
tionn of the subject, which is questionable in DUI's, the most logical 
choicee is to decide for HAU diagnosis as alcoholism definition in the 
contextt of traffic safety. 

Thiss conclusion, however, leads to new problems, which are dis-
cussedd in the next paragraphs. 

2.. What is the prevalence of alcoholism in a DUI population? 

Thee clinical value of a test is dependent of the prevalence of a spe-
cificc disease in a specific population. Usually the clinician knows the 
testtest parameters, generally described as sensitivity (the probability 
thatt the test is positive if the disease is present) and specificity (the 
probabilityy that the test is negative when the disease is absent). 
However,, that is not what the clinician wants to know. For the clini-
cian,, the real value of a test is best described with the positive pre-
dictivee value (FPV) of a test which is defined as the probability that 
thee disease is present if the test is positive and the negative predic-
tivee value (NPV) which is defined that the disease is absent if the 
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testtest is negative. As PPV and NPV are dependent on the prevalence 
off  die disease in the target population in which one uses the test one 
mustt not only know the sensitivity and specificity values but also 
thee prevalence in the population of which the patient is a member. 

Withh Bayes theorem one can calculate PPV and NPV from sensi-
tivity ,, specificity and prevalence. Bayes theorem is a mathematical 
proceduree how an 'a priori' probability should be revised on the ba-
siss of new information. Bayes theorem allows the exchange of the 
orderr of cause and effect. The problem addressed and solved by 
Bayess had to do with gambling and with inverse probabilities. It is 
noww widely used in diagnostics: If the probability of the occurrence 
off  an event (e.g. an elevated biochemical marker), given the pres-
encee of the cause (e.g. the disease), is known, it is possible to calcu-
latee the inverse probability that the cause (disease) was present, 
givenn the occurrence of the event (elevated biochemical marker). 
Translatingg this idea in a mathematical language: If A is the cause 
andd B is the event, Bayes' theorem allows us to calculate the prob-
abilityy of A given B, P (A /B), if we know the probability of B given 
A,A, P (BfA), and the probabilities of each event alone P (A) and P 
(B).. Bayes theorem is algebraically a simple equation. 

Thiss theorem is applied as a method to investigate the clinical 
valuee of diagnostic tests. 

Inn diagnostic terms Bayes' theorem concerns the value of a diag-
nosticc test B for the presence of an illness A. Alcohol is toxic and al-
coholismm (A) causes a change in many bodily functions which can 
bee used as diagnostic tests (B). The value can be formulated as the 
probabilityy that the illness A is present if a diagnostic test B is posi-
tive.. This probability, P (A | B), is determined by three other prob-
abilities: : 
a)) The inverse probability that the test is positive if the illness is 

present,, P (BI A). This is named the sensitivity of a test and can 
bee obtained by testing large samples of subjects with the disease. 

b)) The probability that the test is positive without any conditional 
probability,, P (B). The probability that the test is positive 
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(meaningg above a chosen cut-off value), without any conditional 
probability,, can be obtained by testing large samples of the tar-
get-population, , 

c)) The probability mat the illness is present, P (A), without any 
conditionall  probability, also named the prevalence of the disease 
inn the target population. 

Ann example how prevalence influences the clinical value of a di-
agnosticc test The positive predictive value of an elevated GGT or 
ASTT for alcoholism, (see the example at the beginning of this intro-
duction),, changes if it is applied in populations with a different 
prevalence.. According to Bayes' theorem, if the prevalence of alco-
holismm subjects in the DUI population is 10%, the probability that 
alcoholismm is present, // there is an elevated AST, is approximately 
onlyy 18% and if there is an elevated GGT or\\y 15%. However, if the 
prevalencee is 60%, the probability that alcoholism is present if AST 
isis elevated rises to 75% and if GGT is elevated to 70%. (For calcula-
tionn see Appendix at the end of the introduction). 

Often,, the only unknown value in Bayes' equation is the prob-
abilityy that the illness is present in the target population. This is the 
reasonn that all diagnostic research must start with the question: 
whatt is the prevalence? 

Researchh suggests a considerable prevalence of alcoholism in DUI 
populations.. In a review of reports on the prevalence of alcoholism 
inn DUI populations up to 1986, Vingili s estimated the prevalence 
betweenn 25 and 50%, depending on the sampling of the population 
andd the criteria used for alcoholism (10). However, because coun-
triess differ in alcohol use patterns and because changes have oc-
curredd in alcohol use and driving under influence in many countries 
inn the last 15 years, this estimate is not likely to be accurate any-
more.. In order to obtain new prevalence estimates, two different 
strategiess can be used: 

1.. On the individual level by diagnosing each subject in the popu-
lationn with a specific diagnostic procedure. If the diagnostic pro-
ceduree is not perfect one can combine different diagnostic pro-
ceduress parallel or sequentially. The resulting prevalence rate is 
diee percentage of positively diagnosed subjects in the popula-
tion. . 
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2.. On the population level by assuming that a given variable is pre-
sentt in a certain percentage of the disease. In mis case, the 
populationn based prevalence estimate of hazardous use is com-
putedd with the following formula derived from Bayes theorem: 
PP = [T - (1-Sp)] / (S + Sp -1) (14). (P - prevalence; T = proportion 
off  positive tests (CDT or GGT); S - sensitivity; Sp - specificity). 

Inn the second study, chapter three, we wil l use both methods to 
obtainn a prevalence-estimate of alcoholics in a DUI-population. The 
prevalencee estimate based on individual diagnosis was obtained by 
applyingg four different diagnostic procedures to a DUI-population. 
Thee population-based prevalence estimate was obtained by using 
sensitivityy and specificity data of either an elevated CDT or GGT 
valuee from two earlier studies: a study of alcoholics and a study of 
heavyy drinkers. 

3.. Which clinical arguments are used for the diagnosis of alcohol-
ismm and how valid are these arguments? 

Whenn making a diagnosis of alcoholism a clinician makes a distinc-
tionn between "hard signs" (high specificity) and "soft signs" (low 
specificity).. For example both a CAGE above 2 (15) and an elevated 
Meann Corpuscular Volume of red blood cells (MCV) without ane-
miaa are considered as "hard signs" of alcoholism. In contrast, a 
slightlyy elevated GGT or an elevated blood pressure are considered 
ass "soft signs" for alcoholism as many medical conditions can cause 
it.. In clinical reasoning, these signs are interpreted as either in-
creasingg or diminishing the probability of a positive diagnosis. 
Clinicall  arguments are subjective probabilities based on clinical ex-
periencee and reading research. Of some clinical signs and biochemi-
call  markers this subjective knowledge is corroborated by scientific 
researchh but for many signs and situations the scientific knowledge 
iss insufficient or non-existent. Many clinical arguments are implicit. 

Onee of the main goals was to develop a diagnostic confirmation 
test,, taking into account the context of medical examination of alco-
holismm in a legal situation where a false diagnosis could have grave 
consequences.. The question is: could we build a diagnostic instru-
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mentt based on the above mentioned clinical reasoning that could 
servee as a confirmation test of alcoholism? 

Inn chapter three, in the study on the prevalence, we propose and 
testt a diagnostic system called the restrictive diagnostic procedure 
(RDP),, i.e. an algorithm with explicit clinical arguments and elimi-
nationn of all "soft signs". 

4.. What is the value of the diagnostic tests used for the diagnosis of 
alcoholismm in a DUI population? 

Onee of me possibilities to make clinical arguments more robust is to 
replacee one's clinical intuition by sensitivity and specificity values 
off  the different biochemical markers and clinical signs. Unfortu-
nately,, sensitivity and specificity values are not as robust as they 
seem,, due to the so-called spectrum effect. Studies have shown that 
sensitivityy and specificity of markers of excessive alcohol use de-
pendd on the distribution of severe and mild cases of alcoholism in 
thee study sample (16). A high ratio of severe/mild cases increases 
sensitivity,, while a low ratio lowers sensitivity. On the other hand 
whenn studying specificity of alcoholism in non-alcoholic churchgo-
ingg Baptists who for the last 10 years abstained from alcohol the 
specificityy is probably much better than in an average non alcoholic 
populationn drinking 9 alcoholic drinks a week (17). 

Spectrumm differences can cause a great variation of sensitivity 
values.. For example the sensitivity values for AST for detecting 
HAUU vary from 10-30% in a hazardous users population to 35-50% 
inn alcoholics admitted in a detoxification center. For GGT these val-
uess are respectively 20-50% and 60-90% (16). The specificity values 
forr AST vary less and are all above 90%, whereas for GGT the range 
iss enormous (55-100%) (16). 

Inn conclusion, if one wants to know the validity and usefulness of 
aa test one has to make an empirically based assumption regarding 
thee prevalence, sensitivity, specificity and regarding the spectrum of 
thee target population. The findings of the prevalence from chapter 
threee are used in chapter six. Empirical assumptions regarding the 
sensitivity,, and specificity and spectrum are used in the develop-
mentt of the Bayesian Alcoholism Test (BAT) in chapter five. 
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Anotherr important issue concerns the most promising diagnostic 
markerr for HAU: Carbohydrate Deficient Transferrin (CUT). The 
problemm here is that at the time of our studies there were many dif-
ferentt CDT tests. One of the first commercial CDT tests, CDTect®, 
measuress asialo-, monosialo- and disialo-isoforms of CDT but does 
nott correct for total transferrin in plasma. In order to correct for 
potentiall  differences in total plasma transferrin, the original test was 
replacedd by another CDT test, %CDTri-TIA/ that did correct for total 
transferrinn and thereby improved the specificity of CDT. However 
thiss test also included trisialo-isofbrms of CDT. 

Thee question is which CDT test has the best diagnostic properties 
forr detecting HAU. In the study described in chapter four we com-
paree the diagnostic accuracy of two % CDT-tests: one including 
asialo-,, monosialo-, disialo- and trisialo-isoforms and one without 
thee trisialo-isoforms. Both tests correct for total transferrin in 
plasma. . 

5.. Is it possible to design a diagnostic tool that, by combining prob-
abilitiess of the relationships between elevated biochemical 
markerss and clinical signs, enhances the diagnostic abilit y to 
confirmm whether  a subject regularly uses a hazardous amount of 
alcohol? ? 

AA logical step to enhance the moderate values of single diagnostic 
testss of hazardous alcohol use is to use different tests at the same 
time. . 

Theree have been many attempts to use combinations of two or 
moree biochemical markers (17-20) or combinations of biochemical 
markerss and clinical signs (21) to identify hazardous alcohol use. 
However,, the proposals have found littl e application because of the 
followingg problems: 

a.. There was not sufficient improvement of sensitivity and specific-
ity. . 

b.. The combination of tests was too complicated to be applicable in 
commonn clinical practice. 

c.. The combination of tests was not applicable in legal and insur-
ancee settings because it resulted in too many false positives. 
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Thee question is whether these problems can be solved. In order to 
findd an answer to this question, we first have to discuss the different 
meaningss of the term 'probability' (22). In order to do so, we must 
distinguishh between objective and subjective probability. 

Objectivee probability (also called Jrequentistic probability) refers 
too a given population S, and can be defined as follows: the prob-
abilityy Ps(A) of the occurrence of disease A in 5 is the number of 
subjectss with disease A in S, divided by the total number of subjects 
inn S. (This number is also called the relative frequency of A in 5 or 
thee prevalence of A in S). 

Subjectivee probability is not referring to a population, but to the 
knowledgee A'about a specific individual regarding the presence of 
ann illness or a particular event. In this case P*(A) is a number be-
tweenn 0 and 1 (endpoints included) which expresses the physician's 
degreedegree of the belief 'that a given subject has a disease A (23). 

Thesee two notions of probability are very different, even though 
inn practice they often have to be combined. The good news about 
objectivee probability is that it is easily measured. The bad news is 
thatt it is not so clear what the numbers thus obtained mean when 
appliedd to an individual patient Somewhat metaphorically one may 
sayy that for an individual patient (for example the 30-year old man 
fromm our example at the beginning of the introduction), the prob-
abilityy that this patient has disease A is the aforementioned Ps(A). 
Here,, one uses objective probabilities to guide one's subjective 
probabilities.. Based on the fact that he is a member of die DUI 
population,, the objective probability would be somewhere around 
500 % (see chapter three). But in reality the patient belongs to many 
differentt populations, that of single 30 year old men, of first DUI ar-
rests,, of smokers, of accountants, of subjects with hypertension, etc., 
andd the probability of A may be different in each of these popula-
tions.. This is one of the reasons why subjective probability is more 
usefull  for the clinician, because this is by definition relevant to sin-
glee cases. Subjective probability is however beset by problems of its 
own. . 

First,, it seldom happens that a medical expert's probability esti-
matess are consistent in the following sense. If P (A) is the probabil-
ityy that a subject has a certain disease, e.g. alcoholism, and P (B) is 
thee probability that this subject does not have mis disease, then P 
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(A)) + P (B) =1 (the subject either does or does not have the disease). 
However,, due to clinical knowledge that some people have "a small 
amount""  of disease, the medical expert's probability estimates often 
addd up to more or less than one (e.g. the medical expert estimates 
thee probability that the subjects suffers from the disease as p=0.20 
andd the probability that the subject does not have the disease as 
p=0.90).. If the subjective probabilities do not satisfy this basic law of 
probability,, the computations yield meaningless results. 

Second,, it has been shown mat subjective estimation of probabil-
ity,, when one has to keep track of many different probabilities (such 
ass membership of many different populations), is often counterin-
tuitivee and therefore results in wrong estimates (24). 

Third,, it is not clear how subjective probabilities relate to objec-
tivee probabilities, when known. Clearly an uninformed subjective 
estimatee can differ vastly from the true relative frequency in a 
population.. Weather-forecasters give generally reasonable esti-
mates;; physicians, alas, do not, which brings us to the next topic: 
expertt systems. 

Ann expert system is a computer program that codifies existing 
generall  knowledge about a domain, (in our study alcoholism), in 
suchh a way that feeding in data about a particular patient (e.g. val-
uess of selected blood markers) may yield a valid diagnostic prob-
abilityy for the patient to suffer from alcoholism. Expert systems are 
usefull  when there are a large number of diagnostic tests for a given 
disease,, and when the relationship between the disease to be diag-
nosedd and the result of tests for the disease is of a probabilistic na-
ture. . 

Althoughh the probabilistic computations involved are complex, 
mathematicall  and computational technology has now progressed so 
farr as to make an expert system of the size necessary for the de-
scriptionn of alcoholism entirely feasible. This progress has resulted 
inn so-called Bayesian networks with graphical structures in which 
thee nodes represent diseases, syndromes, patho-physiological enti-
ties,, symptoms, and diagnostic tests, and where an arrow going 
fromm node n to node m indicates that the probability of m (causally) 
dependss on the probability of n (See chapter 5, figure 1). The objec-
tivee probabilities involved can be obtained from epidemiological 
dataa or can be elicited from experts. To avoid misunderstanding, the 
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issuee here is not objective or subjective information but objective 
andd subjective probabilities. It is an important assumption that the 
probabilisticc information in these conditional probability tables can 
alwayss be combined consistently, i.e. sum of to 100% and not more. 

Thee two kinds of information, graphical and probabilistic, are suf-
ficientt to answer queries of the following type: Given values ob-
tainedd for some, but not necessarily all, diagnostic tests, what is the 
probabilityy that a given patient suffers from a particular disease? It 
iss important here that the results of many tests may be combined; 
thiss is in contrast to the vast literature of diagnostic tests, where 
mostlyy single tests are considered (25). The predictions made by a 
Bayesiann network depend entirely on the graphical structure and 
thee associated conditional probability tables. This is still about ob-
jectivee probabilities. However, sometimes these probabilities are 
basedd on objective/empirical information and sometimes on sub-
jectivee estimates made by experts. 

Thee question now is, can such a Bayesian Alcoholism Test be de-
velopedd and if so, how does it work with populations of patients of 
whichh the diagnosis is known? 

Thee most important contribution of this dissertation is the devel-
opmentt of a Bayesian expert system for diagnosing HAU. In chapter 
five,, the development of this Bayesian Alcoholism Test (BAT) is de-
scribedd and compared to single diagnostic tests in a population of 
knownn alcoholics, heavy drinkers and non-alcoholic controls. 

6.. Does a Bayesian network diagnostic tool work in a real forensic 
situationn where DUI's are examined for alcoholism? 

Feinsteinn suggests that a diagnostic tool must be validated like the 
validationn of the therapeutic value of drugs in different phases (26). 

Hee writes: "In phase I, the test would be compared for cases of 
substantiallysubstantially diseased people and for healthy controls. If good dis-
criminationcrimination is shown in Phase I, the test can advance to Phase II, in 
whichwhich the spectrum of comparison is extended. The test would be 
nownow challenged with different types of diseased cases and controls, 
coveringcovering a suitably wide spectrum of disease and health If dis-
criminatingcriminating remains good, the challenge spectrum would be en-
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largedlarged in Phase III  so that the selected cases and controls encompass 
thethe clinical, co-morbid and pathological issues... If the test passes 
thethe challenges of Phase III,  the architecture of Phase IV can become 
prospectiveprospective rather than case-control. The results of the marker 
wouldwould be noted, reported and analyzed for a large consecutive se-
riesries of clinically suitable patients. If definitive standard results are 
notnot known for many of these patients, their data would be analyzed 
separately,separately, using alternative standards'". 

Inn our first study on BAT, described in chapter five, phase I and II 
off  the validation process is conducted. Phase III remains to be tested 
becausee no data could be collected among internal medicine pa-
tientss of our hospital. Since our primary goal was to enhance the 
diagnosticc process in the context of DUI's, we conducted a phase IV 
studyy and compared BAT to conventional methods used for diag-
nosingg alcoholism in DUI's. Because no gold standard exists for al-
coholism,, we used alternative (clinical) standards to validate BAT. 

Medicall  diagnosis is classification with an aim. The diagnostic 
tooll  BAT is developed and tested in this study with the aim to di-
minishh the number of false positives and false negatives and to di-
minishh the variability between the subjective clinical estimates of 
differentt clinicians in a forensic psychiatric setting. 

Summarizing:: In chapter two we show that AUD diagnoses cannot 
bee inferred from HAU diagnosis. In chapter three we find a preva-
lencee estimation of alcoholism (AUD and/or HAU) in the DUI 
populationn of about 50%. In chapter four we show that the %CDT 
testt without trisialo-isoforms is superior to identify dependent alco-
holics.. In chapter five we develop and validate BAT, a confirmation 
testtest for HAU. In chapter six, BAT is validated in a population of 
DUI's,, In chapter seven we summarize the results of this disserta-
tion,, discuss its' clinical implications and provide suggestions for 
futuree research. 

17 7 



References s 

1.. Verheul R, Brink W van den, Geerlings P. A three-pathway psycho-
biologicall  model of craving for alcohol. Alcohol and Alcoholism 1999; 
34:197-222 2 

2.. de Bruijn C, Korzec A, Van den Brink W: Behandeling van alcoholis-
me:: maatwerk. In: Bakker A, Korzec A: De gecompliceerde kliniek 
2003.. Benecke N.I. Amsterdam 2002. 

3.. Dutch regulations on driving ability: Regeling Maatregelen rijvaar-
digheidd en geschiktheid. Regeling van de Minister van Verkeer en 
Waterstaatt houdende nadere regels met betrekking tot maatregelen 
rijvaardigheidd en geschiktheid, bedoeld in Hoofdstuk VI, paragraaf 9, 
vann de Wegenverkeerswet 1994. RV 216650. 

4.. Saunders JB, Lee NK. Hazardous alcohol use: its delineation as a sub-
thresholdd disorder, and approaches to its diagnosis and management 
Comprehensivee Psychiatry 2000; 41:95-103. 

5.. Conigrave KM, Degenhardt LJ, Whitfield JB, Saunders JB, Helander 
A,, Tabakoff B. CDT, GGT, and AST as markers of alcohol use: The 
WHO/ISBRAA collaborative project Alcoholism: Clinical and Experi-
mentall  Research 2002; 26:332-339. 

6.. Diagnostic and Statistical Manual of Mental Disorders, 4th edn. 
Americann Psychiatric Association Press, Washington, DC 1994. 

7.. ICD-10 classification of mental and behavioural disorders: clinical de-
scriptionss and diagnostic guidelines. Geneva: World Health Organi-
zation,, 1992. 

8.. Grant BF, Harford TC The relationship between ethanol intake and 
DSMM m alcohol use disorders. Journal of Substance Abuse 1988-89; 
1:231-252. . 

9.. Dawson DA Drinking patterns among individuals with and without 
DSM-IVV alcohol use disorders. Journal of Studies on Alcohol 2000; 
61:111-120. . 

10.. Vingilis, E. (1989) Are drinking-d rivers alcoholics? A review of the 
literature.. In High alcohol consumers and traffic: Proceedings of the 
Internationall  Workshop: High Alcohol Consumers and Traffic, Nov 
28-30,, pp.165-182. Inrets 1989. 

11.. de Bruijn H, Korzec A, Arndt T, van den Brink W. The validity of al-
coholl  use disorder in well-functioning men with hazardous alcohol 
use.. European Addiction Research 2003; 9:182-187. 

12.. Mischke, HD and Venneri RL. Reliability and validity of the MAST, 
Mortimerr Fuilkins Questionnaire and CAGE in DWI Assessment 
Journall  of Studies on Alcohol 1987; 48:492-501. 

13.. Korzec A, Bar M, Koeter MWJ, de Kieviet W. Diagnosing alcoholism 
inn high risk drinking drivers: comparing different diagnostic proce-

18 8 



duress with estimated prevalence of hazardous alcohol use. Alcohol 
andd Alcoholism 2001; 36:594-602 

14.. Poole KW, Fh/nn PM, Rao AV, Cootey, PC. Estimating the preva-
lencee of drug use from self-reports in a cohort for  which biological 
dataa are available for  a subsample. American Journal of Epidemio-
logyy 1996; 144:413-420. 

15.. Acronym for  4 questions about alcohol problems. 
Mayfieldd D, McLeod G, Hall P. (1974) The CAGE questionnaire: vali-
dationn of a new alcoholism screening instrument American Journal 
off  Psychiatry 1974; 131:1121-1123. 

16.. Conigrave, K. M., Saunders, J. B. and Whitfield , J. B. 0 Diagnostic 
testss for  alcohol consumption. Alcohol and Alcoholism 1995; 30:13-26. 

17.. Bean P, Harasymiw J, Peterson CM, Javors M. Innovative Technolo-
giess for  the Diagnosis of alcohol abuse and monitoring abstinence. 
Alcoholism::  Clinical and Experimental Research 2001; 25:309-316. 

18.Husebyy NE, Nillssen O, Kanitz RD. Evaluation of two biological 
markerss combined as a parameter  of alcohol dependency. Alcohol 
andd Alcoholism 1997; 32: 731-737. 

19.. Sillanaukee P, Massot N, Jousilahti P, Vartiain e E, Poikolainen K, 
Plssonn U, Alho H. Enhanced clinical utilit y of Gamma -CDT in a gen-
erall  population. Alcoholism: Clinical and Experimental Research 
2000;8:1202-1206. . 

20.. Hartz A, Guse CI, Kajdscy-Balla A. Identification of heavy drinker s 
usingg a combination of laboratory tests. Journal of Clinical Epide-
miologyy 1997; 50:1357-1368 

21.. Skinner  HA, Holt S, Sheu WJ, Israel Y. Clinical versus laboratory de-
tectionn of alcohol abuse: the alcohol clinical index. British Medical 
Journall  1986; 292:1703-1708. 

22.. V. Barnett, Comparative Statistical Inference, Wiley 1999. 
23.. Kraus P, Clark D. Representing uncertain knowledge; an artificia l 

Intelligencee approach. Intellect Books London 1993 
24.. Kahneman D, Slovic P, Tversky A. (Eds) Judgement under  uncer-

tainty::  Heuristics and biases. Cambridge University Press, Cam-
bridgee 1991. 

25.. Moons KGM, van Es GA, Michel BC, Büller  HR, Dik J, Habbema F, 
Grobbeee DE. Redundancy of the single test evaluation. Epidemiology 
1999,10::  276-281. 

26.. Feinstein AR. Clinical Epidemiology. Philadelphia: WB Saunders. 
1985. . 

19 9 



Appendix x 

Bayess theorem can be translated in diagnostic terms of positive predic-
tivee value, sensitivity, specificity and prevalence. Positive predictive 
valuee means the probability that the illness is present if the test is posi-
tive,, sensitivity is the ratio of positive test results/ all test results if the 
illnesss is present, specificity is the ratio of negative test results / all test 
resultss if die illness is absent and prevalence is the ratio of illness pres-
ent// all subjects in the sample. 
Thee formula used is: 

1)) Positive predictive value = sensitivity x prevalence / sensitivity x 
prevalencee + (1-specificity) x (1- prevalence) 

2)) If one uses the average sensitivity values found in studies for hazard-
ouss drinking of AST as 20% and GGT 35% and specificity values for 
ASTT as 90% and for GGT as 77,5% (14) this signifies: 

3)) When prevalence is 10% then using AST the equation results in: 
Positivee predictive value AST = 0,2 x 0,1/0,2 x 0,1 + 0,1 x 0,9 = 
0,02/0,099 = 0,18 

usingg GGT the equation results in: 
Positivee predictive value GGT - 0,35 x 0,1/0,35 x 0,1 + 0,225 x 0,9 = 
0,035/0,2033 = 0,15 

4)) When prevalence is 60% men using AST the equation results in: 
Positivee predictive value AST  0,2 x 0,6/0,2 x 0,6 + 0,1 x 0,4 = 
0,12/0,166 = 0,75 

usingg GGT the equation results in: 
Positivee predictive value GGT - 0,35 x 0,6/0,35 x 0,6 + 0,225 x 0,4 = 
0,21/0,33 = 0,70 

Forr easy calculation see die online clinical calculator at 
http://www.intmed.mcw.edu// clincalc/ bayes.html 
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