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PREFACE

The present study was carried out at the Institute of
Community Medicline, University of Tromse during the years
1987-1991. The study is based on data from three populatior
studies: The Second {(1979-1980) and Third (1986-1987) Healt
Survey in the municipality of Tromse, and the Svalbard Stuc
{1988-1989).

The institute of Community Medicine was responsible for all
three surveys. They were carried out in co-operation with t
National Health Screening Services, Osleo, and, for the
Svalbard Study, also in co-operation with Longyearbyen

Hospital.

In all three screenings, the participants were asked about
their alcohol consumption. The answers were given in terms
frequency of intake of beer, wine, liquor and frequency of
inebriation. At Svalbard, the participants additionally wer
asked about their actual alcohol intake (in units=1% g) the

last week.

Gamma-glutamyltransferase (GGT)} were measured in all subjec
{except for the second health screening in Tromse where GGT
only was determined in a subsample of 3233 subjects). At
Svalbard, the serum activity of mitochondrial iscenzyme of
aspartate aminotransferase (mAST) and carbohydrate-deficien
transferrin (CDT) were also determined.

The above mentioned guestions and measurements constitute t



LISTS OF PAPERS INCLUDED

1. NILSSEN O, FORDE OH, BRENN T. The Tromse Study:
Distribution and Population Determinants of Gamma-

giutamyltransferase. Am J Epidemiol 1990:132;318:26,

2. NILSSEN O, FORDE OH. The Tromse Study: A Seven-year
Longitudinal Population Study of Change in Gamma-
glutamyltransferase. Submitied.

3. NILSSEN O, FGRDE OH. The Tromse Study: The Positive
Predictive Value of Gamma-glutamyltransferase and an
Alcohol Questionnaire in the Detection of Early Stage Risk

Drinkers. J _Intern Med 1991;229:437-500,

4. NILSSEN O, HUSEBY NE, HOYER G, BRENN T, F@RDE OH,
SCHTRMER H. New Alcohol Markers. How Useful are they in

Population Studies. The Svalbard Study 1988-89.

Accepted for publication in Algoholism (NY) 1991:
5. NILSSEN O. The Tromse Study: Identification of and a
Controlled Intervention on a Population of Early Stage Ris

Drinkers. Prev Med 1991:;4:;518-28.




INTRODUCTION
Background and general objectives.

The treatment of alccholics in the Norwegian society has
mainly been organized by private institutions and religious
organisations.

In their general perspective alcoholism is a moral problem,
contrast to some other medical problems. Strategies for
treatment of alcohol dependent individuals thereby have
remained uninfluenced by the developments that has taken'pla
in medicine and community health (1).

In this respect a change has emerged in recent years. As
alcoholism and alcohol related probiems has become one of th
nost threatening health hazards of Western society (2), more
attention has been paid te alcoholism and the consequences o
alcohol consumption. Surveys have indicated that between 30
and 70 percent of hospital patients have harmful levels of
alcohol intake (3,4). Further, for about one-half of those
surveyed, the patient's illness is directly related to alcoh
use. Scandinavian studies have estimated the proportion of
alcohol-related somatic hospitalizations to be between 15 anc
20 percent (5-7), and even mounting to 40 percent in
psychiatric hospitals (8). Several reports have indicated a
relation between alcohol consumption and primary hypertensior
{9-11). In addition, and probably even more serious, the
psychological and social burden and conseguences of alcohol

abuse are considerable.



Consequently, different aspects of alcohol abuse have become
of major interest for medical researchers, and the increasing

number of reports reflect a growing activity in the field.

Tn a WHO-report from 1987, Aasland and Saunders (12) state:
"Alcohol-related disabilities are being seen with
increasing frequency in bhoth the developed and
developing world. The health and social cost to
individuals, to families and to national economies
are congiderable. There is widespread
dissatisfaction with current treatment options. By
the time persons present spontaneously to health
and welfare agencies dependence is often entrenched
and disability severe. The prognosis of those with
advanced problems is generally unfavourable. The
traditional therapeutic response to such problems
has been to establish in-patient programs and yet

evidence for their efficacy is lacking."

New initiatives have been called for in helping people who
misuse alcohol (13). The strategy of early detection of
alcohol abuse has received increased recognition and research
support (14-17). The basic cobjective is to take action hefore
the patient has developed major symptoms of alcohol dependence
(18,19), since the prognosis is better for socially stable

individuals at earlier stages of problem drinking (20).

The broad spectre of terms used to typify alcohol drinking, dc



"hazardous", "excessive or "prcblem" drinking do not always

seem to mean the same. Barly stage risk drinkers are, in th

study, meant to be individuals "potentially at risk of
developing major symptoms of alcohol dependence". The most
commoniy used diagnostic systems (DSM-III-R, and ICD-9)
request detailed personal information about actual drinking
habits and symptoms. As no such information, for methodo-
logical reasons, could be collected in this study, early sta
risk drinkers are defined as those with GGT higher than 50 L
{45 U/1 for females) with an alcohol intake more freguent tr

once a week.

The general practitioner and industrial physiciansg should
theoretically be in a geood position to intervene on patients
who drink too much but who do not consider themselves as
alcoholics, But first twe essential questions have to bhe
answered, The first is; how can alcohol misusers be identifi
at an early stage? The second is; how, and with what
presumable outcome, can intervention at early stages be

carried out?

From a population perspective we have tried to focus these ¢
questions. Firstly by scrutinizing the population determinan
and diagnostic characteristics of the most generally accepte
alcohol marker, gamma-glutamyltransferase, The performance o
two "new" alcochol markers, carbohydrate-deficient transferri
(CDT) and mitochondrial aspartate aminotransferase (mAST), h

also been examined and compared with GGT. Secondly by



segment of subjects with high GGT levels.

Identification of elevated alcohol intake

Escential in the early identification of problem drinkers is

the tools used for the detection. Although bioclogical markers
(21,22) constitute the most frequently used tool, also
gquestionnaires (23-25), clinical symptoms (17,26) or
combinations (27-30) of these are used. No single biolegical
test has so far proved to have the properties necessary to
separate problem drinkers from no-problem drinkers, although

GGT represents the most frequently used.

The two new biological markers, CDT and mAST, héve been looke
upon with great expectation. Reports (31-45) have indicated
that the sensitivity and specificity of these markers are
close to 100 percent. On the other side, the majority of this
data stems from studies on selected populations, only one
study (46) has tested out mAST in an unselected population,
and concluded that mAST is "not useful as a screening

procedure in an unselected population®.

The setting, where early identification takes place, differs
from one study to another. The literature, most often, report
from general practice, from in-hospital patients, or from
health screening programs. Especially the setting in general

practice and industrial health care, but also in hospital,



Although many of the alcohol-induced symptoms, clinical sig:
and abneormal laboratory findings are nonspecific, the "docte
patient situation" might legitimize further questions or tes

to reach a correct diagnosis.

Screening for alcohol drinking is essentially different fron
most other population screenings. While population screening
generally search for risk factors unknown to the participant
the extent of alcohol consumption is well-known to, although
not always internalized by, the participants in alcohol
screenings. Further, while for instance high serum cholester
and blood pressure are loocked upon as harmful and unwanted,
alcohol drinking is a more inherent part of our culture and
self-inflicted by the individuals. This makes special demand
on the tools used for identification and motivation in alcoh

intervention programs.

Intervention strategies

Intervention on problem drinkers has been recommended on the

assumption that intervention will be more effective at an
earlier stage in the illness (47). In this respect, two
studies of great importance have recently been published, The
Malmé Study (48) and The Edinburgh Study (49). Through a
brief, structured interview, together with simple laboratory
tests, the problem drinkers were identified, and subsequentls

intervened on. In Malmd, the intervention group were regularl



in a letter were informed that they had an impaired liver
test, and told to live as usual. In Edinburgh, the
intervention group received one single counselling from a
nurse with experience in treating alcoholism. The control
group received no advice, but was informed that they would b
interviewed again 12 months later.

Both studies demonstrated reduction in alcohol intake for o
groups, but the treatment groups had a significantly better
outcome than the control groups.

These two studies have shown how early identification of
problem drinkers can easily be done. Further, they have
demonstrated how "low time-consuming interventions" have
imposed important changes in problem drinking. Most of all,

they have encouraged further studies in this field.

The aim of this study

The aims of this study have been to describe and test some o
the identification tools used for the detection of alcohol
drinking, and, on the other hand, to demonstrate how
intervention on "early state risk drinkers" could be done an
with what outcone.

The most used biological alcohol marker, GGT, has been fairl
well described (50-61) as a diagnostic tool in a clinical
setting. As a screening instrument in the general population
however, its scientific basis is far more shaky, and when it

comes to other potential population determinants than alcoho



Cur first aim therefore was to identify and describe other
possible determinants, for GGT. Based on the third Tromse
Study (1986-87}, a community-based, comprehensive health
survey with more than 20,000 participants, the determinants
for GGT within its normal range, have been described {paper
I}). To confirm the findings in this cross-sectional study, t
determinants for change in GGT was explored in a seven-year
longitudinal design in a subsample of 2438 individuals (pape

II).

The second aim was to describe the diagnostic properties of
three alcchol markers and one alcohol guestionnaire, the fir
cone (paper IITI) in terms of positive predictive value (PPV),
the second one (paper IV) in terms of sensitivity,
specificity, PPV and likelihood-ratio (LR), with alcohol

H

consumption, obtained through a structured interview, as "go.

standard".

The third and last aim was to measure and describe the effect

of two short-term, low-cost, intervention procedures on a
population of early stage risk drinkers, using GGT and self-

reported alcohol consumption as effect measures. (paper V).

A short description of bilological alceohol markers

Besides alcohol questionnaires and physical and clinical

symptoms, specific bioclogical markers are used in the



marker is GGT, although many other markers have been
introduced in the literature in the last years. Two of these,

CcDT and mAST, have been described as "very promising”.

Gamma-glutamvlitrangsferase (GGT) catalyses the first step in a

degradation of glutathione and other gamma-glutamyl compounds
The highest activity is found in the kidney, but measurable
levels are also found in the pancreas, epididymis, seminal
vesicle, jejunum, liver and spleen (30). The liver has been
ijdentified as the main source of the serum enzyme (51,52}).

In clinical studies GGT is elevated in alcohelism and heavy
drinking (53,54). The mechanism of this enhancement of serum
GGT activity ig still a matter of controversy, although
microsomal enzyme induction (55-57) and liver cell damage (58
60} after alcohol intake have been suggested. GGT have
therefore, in recent years, served as an indicator of both

acute and chronic ethanol ingestion (61}.

Carbohydrate-deficient transferrin (CDT). Human transferrin,

a protein for binding and transport of human iron, is a
heterogeneous glucoprotein with an isoelectric point (pl)
ranging from 5.2 to 5.7. One of the isotypes of the most
common transferrin genetic variant, type C, is referred to as
carbohydrate-deficient transferrin (CDT) or deslalylated
transferrin (dTF). CDT, which contain less cyalic acid,
represent a fraction of the totally circulating transferrin.
Tt has been detected at higher levels in subjects with high

alcohol intake, and such reported to be associated with high



suggested as a sensitive and specific¢ marker of alcoholism.

Mitochondrial aspartate aminotransferase (mAST) ., Aspartate

aminotransferase (AST) is present in human serum as two
enzyme-forms, one cytoplasmic (cAST), the other mitochondric
(mAST), described in this thesis as the third alcohol marker
mAST is an iso-enzym of AST, and is found in almost all hums
cells. It transfers aminogroups from acid- to ketoform, and
increases in serum by various conditions, especially in
connection with necrosis (liver c¢irrhosis, heart infarction,
pancreas damages, ect).

Serum mAST activity is reported much higher in alcohelic
hepatitis than expected judging from.the total AST (tAST)
activity (39). Moreover, mAST and its ratio to tAST are

considered as one of the most promising new biological marke

of alcoholism (40-45).

SUMMARY AND MAIN CONCLUSIONS OF THE PAPERS

The present papers are, with the exception of paper IV, base
on the third Tromse Study (1986-87). Paper II have in additic
data from the second Tromse Study (1979/80), whereas paper I

has its data from the Svalbard Study (1988/89).



The papers deal with three main topics:

1. What are the determinants of GGT, in a normal population
(paper I), and how do changes in the determinants over time

influence the GGT-level (paper II}?

2. The diagnostic characteristics of GGT when used for

identification of alcohol risk drinkers (papers IIT and IV).

3. EBarly intervention on alcohol risk drinkers; how could it
be done, and what is the effect of such intervention (paver

vy?.

1. The population determinants of GGT.

The first paper describes the distribution and the
determinants of GGT, in a cross-sectional study (the third
Tromse Study, 1986-87) with more than 20,000 participants.
Most striking was the marked, consistent sex-difference in GG
which most probably is physiologic. In both sexes, GGT
displayed a strong positive asscciation with body mass index,
alcohol use and total serum cholesterol, and a somewhat weake:
positive association with serum triglycerides, HDL-
cholesterol, blood pressure, heart rate, use of analgesics,
and time since last meal. Strong negative associations were il
poth sexes found for coffee consumption, hour of the day for

the examination, and, in males, physical activity. Strong



impact on GGT in females was alsc found for oral

contraceptives, pregnancy and menopause.

To explore the status of the determinants found in the cross
sectional study, the determinants for change in GGT were
analyzed in a subsample of 2438 individuals, in a longitudin
design (paper II). The previous findings were in general
confirmed, and we concluded that within its normal range, GG

has many other and even stronger determinants than alcohol

consumption.

2. The diagnostic characteristics of GGT when used in

screening for alcohol risgk drinkers.

In a selected population of 225 individuals with elevated GG
values (paper III), the positive predictive value (PPV) of GC
in different combinations with a questionnaire on frequency ¢
alcoheol intake, were calculated. "True" daily alcohol con-
sumption, obtained through a structured interview, served as
our gold standard. PPV for GGT was generally disappointingly
low in women, but ranged in men from .33 to .88 according to
cutoff points, frequency and levels of alcohol intake. The
alcohol gquestionnaire appeared to have an equally strong
predictive power, and more predictive value appeared to be
gained by increasing the questionnaire criteria than by

increasing the GGT level.



One objection against GGT has Deen 1Ts Llow SensSitlvity aid
specificity. In the search for new and better alcchol markers
two biclogical markers, CDT (31-38) and mAST (38-45), have
been described as "very promising”.

The seccnd paper (paper IV) has evaluated the diagnostic
characteristics of GGT, CDT, and mAST. In an unselected
population (n=481}, sensitivity, specificity, PPV and
likelihood-ratio (LR} were determined fof different levels of
alcohol intake and different cutoff levels of the tests. In
males, GGT showed the best discriminatory power at higher
levels of alcohol intake, with LR's up to 6.1. CDT
discriminated best at lower levels (LR's up to 4.5), whereas
mAST was judged not usable as a marker for alcoheol intake in
this unselected population. None of the tests seemed suitable
in females.

Although the relation between alcohol consumption and raised
serum levels of GGT haQe been demonstrated by numerous studie
(53,54,58,62-70), its use as a diagnostic marker of alcohol

abuse have certain limitations (71-73).

3. Rarly intervention on alcohol risk drinkers.

Paper V describes a randomized (using tables of random
permutations, 74) controlled trial of two short term, low-cCos
intervention procedures on a population subsample of 338
subjects with elevated GGT-values (>45 and S50 U/L for women

and men, respectively), and alcohol intake more frequent than



Qe a4 week ., J(LHNe LLlioe e, 2l Lhls ouldldy deszidllaled db5 The
"mincr" intervention, consisted of a single consultation fo
15-20 minutes where the participants subsequently were aske
to consider possible reasons for own elevated GGT-value.

The second one, named the "majcr" intervention, also starte
with a 15-20 minutes g¢onsultation, but ended up with the
conclusion that a "too high" alcohol consumption probably h:
caused the elevated GGT~level. The participants in this gro:
were offered monthly consultations, of 15 minutes length, w:
blood contrel until neormalization of GGT.

All subiects in the intervenition groups were handed a folde:
with general advice on changes in drinking habits.

The third group served as control group and remained
"untouched"” until follow-up.

At the follow-up one year later, both intervention groups
showed significant decrease in GGT-level, and both groups
reported to have reduced their alcochol intake with more thar
50 percent. The control group demonstrated an increase in be

GGT-level and alcohel intake for the same period.

In conclusion, the applied interventions proved to be a
feasible alternative in preventive alcchol programs both in

primary practice and in industrial health care.



GENERAL DISCUSSION

Study populations: represgentativity and suitability,

The attendance rates in all three screenings, Tromse II 78
percent, Tromse III 81 percent, and Svalbard 7% percent, wer
in accordance with similar studies in Norwegian counties (75
This acceptable attendance rate must be ascribed to the long
experience of The National Health Screening Services' and th
tradition in Nerway. In fact, a fair share of the non-
responders is individuals who are unable to meet at the
screening because of temporary absence from their homeplace.
This particularly affects the attendance rate in the younges
age groups, and the somewhat lower attendance at Svalbard ma;
to a great extent be explained by its over-representation of
young men, who have the lowest attendance rate in all
Norweglan population surveys.

In the Svalbard Study, which had the most translucent study
population, we have no factual evidence in support of any
alcohol related non-response bias. On the contrary, the loca
nealth workers, who monitored the screening, reported that t
"non-responders® were evenly recruited from all social group

of the Svalbard society.

For all three study populations, the GGT-levels were in
general low. Only 2.4 percent of the subsample in the second

Tromse Study had GGT-values exceeding our upper reference



Limit {50 U/L Loxr males and 45 U/) for females). The
corresponding values for the Tromse-IIT and the Svalbard
population were 3.7 percent and 5.9 percent, respectively. T
portion of subjects with elevated GGT in an international
perspective were low (48,49), and even in discrepancy with a
estimated prevalence (76) of about 10 percent problem drinke
in the Norwegian society. The low sensitivity of GGT (77,78)
may to some degree explain this last difference, but the
possibility can, on the other hand, not be excluded that the
non-response in the Tromse studies to some extent may have
reduced the number of subjects with high GGT levels, as ther
in other studies have been observed an over-representation o
problem drinkers among the "non-responders® (79-81). 1In a
paper from Jacobsen and Thelle (82), the responders and the
non-responders to the second Tromse Study were compared on a
variety of background and lifestyle factors.They concluded
that there were no substantial differences between the two
populations. The findings of Tverdal (83) in a study from the
cardicovascular disease screenings in Norwegian counties, that
non-responders have a six times increased rate of death from
liver cirrhosis, however, indicates that at least heavy
drinkers and alcoholics are in overweight among non-

responders.

In more than one aspect the Svalbard population differs from
the general Norwegian population. The Svalbard population is
younger (no one are allowed to stay there after they have

reached retirement), and fewales only account for 35 percent



of the total population. In addition to a high "tax-free"
consumption and the typical Scandinavian drinking pattern
(heavy consumption at each occasion, but seldom) (84), the
inhabitants also seemingly have adapted a "continental”
drinking pattern (i.e daily intake, small amount). Further,
subjects with alcohol problems to an extent that affects the
individual's work, are sent back to the Norwegian mainland.
Despite its peculiarities, the Svalbard population should be
well suited for evaluating the diagnostic characteristics of

the alcohol markers.

With exception for the Norweglans living at Svalbard, the
average alcohol consumption in the Norwegian population is lo
compared with most other European countries (85). This is
probably also one of the main reasons for the low GGT level
compared with other studies. It might therefore be argued tha
our findings are not representative in an international
perspective.

On the other side, the low prevalence of non-alcohol induced
liver diseases in Norway (86) makes our populations especiall:
suitable for the study of determinants for GGT.

Our relatively low number of misusers has obviocusly reduced
the eligible population for the intervention study (paper III
and paper V). Our "target group", however, was the socially
well-integrated risk drinkers, and subjects with known alcoho
dependence and high GGT levels were excluded before
intervention.

All in all, our study populations seems representative and



well suited for the objective, although findings on
determinants of a physiologic measure, diagnostic
characteristics, and effect and acceptability of preventive

intervention nearly always will vary among populations.

The determinants of Gamma-glutamyltirangferase,

The problems of causal inference

The "determinant® concept does not necessarily imply any
causal relationship. It is merely a description of a
consistent association between a facter, variable or
attribute, and a physical measure. The strength, consistenc
and plausibility of the association may indicate the
probability that the association reflects a causal

relationship.

It is well known that the associations displayed in multiple
regression analyses in cross-sectional studies may well he |
result of relation and confounding. Although confirmed in a
longitudinal design, most of the observed determinants only
reach the level of being candidates for hypotheses and Ffurth

studies preferrably with an experimental design.

Two of the relationships, however, emerge as strong candidat
for causal relationships: the association with gender and
relative weight. The gender-association can hardly be

confirmed in an experimental design, but further studies on



+he relationship with hormonal status, menopause and
substitutional hormone treatment seem justified.

Whatever this may bring, it seems improper to keep the same
"normal" or reference values for GGT for the two sexes.

Also, the relationship to body mass index was strong and
consistent in both the cross-sectional and the longitudinal
analysis. Here, an experimental confirmation appears feasible
for instance by monitoring GGT in weight reduction programs.
§till, we believe the observed association reflects
physiclogic mechanisms, and the concomitant asscociation to
cholesterol, although disappearing in the longitudinal
analysis, and coffee consumption, suggest a link to the lipid

metabolism.

Gamma-glutamyltrangferage ag _a markexr of alcohol risgk

congunption.,

The effectiveness of a test, expressing its ability to
discriminate between subjects with and subjects without a
given state or given disease, most commonly is given in terms
of sensitivity and specificity. Other parameters used are
likelihood-ratio, positive and negative predictive value,

validity score and accuracy score.

All these measures require a "gold-standard"” to compare a

tests performance with. When evaluating alcohol markers, no



ideal and generally accepted gold-standard exists. We have
chosen, as many others (24,27,28,32,35,44,46,87), a
standardized interview or alcchol questionnaire on average

amount of alcohol consumed.

The main methodological fallacy with this gold standard is
under-reporting or denial (88,89). The report bias tends tc
reduce the estimates of specificity. On the other hand, the
sensitivity figures will be overestimated since the true
number of high consunmers is greater than the gold standard
denotes. This means that the often crucial, and in the pres
study disappointingly low sensitivities, probably is even
lower.The effect of this bias on the likelihood-ratios is
generally smaller, and depends on the relative size of its
effect in sensitivity and specificity and can not be predic

without assessment of the un-obtainable true consumption.

Comparing the positive predictive values of GGT in Tronse
{(paper III) and Svalbard {paper IV), reveals higher values
Tromse, which hardly could be expected since this populatior
has a lower prevalence of high consumers. The explanation
probably lies in the twe different gold standards, an
interview and a self-administered questionnaire, where the
assessments of the interviews come closer to the true

consumption than the questionnaire.

The relatively low sensitivity of GGT as a marker of even

higher levels of alcohol consumption, may seemingly undermin



its position as an efficient screening tocl. In any screening
GGT would pick out only a minority of the high consumers. On
the other hand, however, in most community surveys the false
positives is a greater concern, both because of the work load
and for the fear of stigmatisation. Handled with care, knowir
that a normal GGT is no assurance of a low risk consumption,

it still may be an applicable screening tool.

One may question the rationale behind the use of a biologic
screening test that probably is no better than the traditione
clinical history, standardized interview or guestionnaire. It
strength, however, lies in its motivational abilities in
prevention programs aiming at behavioral changes as shown in
the intervention trial (paper V). Combination of bioclogical

test and clinical history, however, is better than either

alone.

The search for other and better biologic alcohol markers is
therefor appropriate, but so far no real altermative has
appeared. mAST seems useless in a population setting, and CDI
displays the same weaknesses as GGT although it may have some
advantages in marking subjects with lower consumption.

The combination of GGT and CDT alsc seems to have limited
benefit, although the tests appear independent. If any
association appeared in the present study, it was a negative
association, i.e. the sensitivity of CDT was higher in
"positives" with negative GGT, and vice versa. This may

indicate that some subjects respond on an elevated alcohol



consumprtion witih an elevated LDL others wltlh lncrease 1n GG

The response may be constituticnally determined.

Anyhow, the refinement of the present alcohol markers 1is
required, especially since none of the existing seems usefu
in women. It is tempting to suggest, in line with findings
from the studies on determinants (paper 1 and II), that the
genders differ both with respect to basic GGT level and GGT

response on alcohol intake (90-92).

Intervention on alcchol rigk consumers,

The randomized controlled intervention study (paper V) show
that it is possible, with a minimal use of resources, to
reduce the alcohol intake in a population segment with high
GGT. The intervention aimed at a group of early risk drinke
and the impressicn from the consultations was that this was
socially well integrated population with a high motivation

behavioral change.

The attendance and compliance in the study were impressive.
Our explanation for this is first and foremost the
constitution ¢f the target group. Thereafter, the setting o
the trial as a part of a general health survey with close
links to the health care system in Tromse. This may have

increased the acceptability and reduced the potential



stigmatization effect of the participants.

The way the consultations were carried cut, the arrangement
and the open "climate", turned ocut to be highly acceptable,
without a single incident with an offended participant leavirs
in a fury. This came as a surprise even to us.

This must be viewed in the light of the way the participants
were presented with their problem, in essence: "Your liver
has, with an early and not dangerous sign, reacted to
something, possibly to alcchol intake. This does not mean the
you drink more than others, but may reflect a higher
susceptibility of your liver". Avoidance of any form of
moralization were emphasized, and the practical implications
in terms of decisions on changes in drinking behaviour, were

the responsibility of the individual.

The acceptability of the intervention was also confirmed by
the way the participants, sometimes with great personal

effort, kept the appointments, by their eagerness to keep up
the contact after the trial, and by their recommendation te

friends and family outside the trial.

We are, however, well aware of the general popularity of
programs that intend to supervise people's health with medice
diagnostics. Despite the popularity of these programs,
increasing concern is felt about their "hidden" side-effects
in terms of increased anxiety, illness pfeoccupation, test

dependency and medicalization.



Any preventive high risk strategy must anticipate such side
effects, and we have no reascn to believe that they are
avoided in the trial. Still, in light of the sensitivity of

the topic, we believe that the damage done has been modest.

One might speculate if the risk of side-effects could have
been additionally reduced by decreasing the focus on GGT. Tt
must be considered when the practical implications are drawr
and in individual counselling. If it would be possible to
induce life-style changes without testing, this might be
preferrable. Our experience, however, is that the elevatad ¢
value was a great help in the de-sensitivitation of the
situvation and in avoiding moralization. In addition it was f
many of the participants of great motivational importance.
In the trial, the monitoring of the GGT values was of
fundamental importance as documentation of intervention
effect. Without backing in decreased GGT levels, the reporte
reduction in alcochol intake could have been written off as a

report bias, reflecting an "eager to please® effect.

As 1t stands, it documents that it is possible, even with us
of less resources than in the Edinburgh and Malmd studies
{48,49), to reduce risk drinking. The comparation of the two
intervention procedures also indicates that a strategy which
almost totally leaves the responsibility to the individual,
as effective as a somewhat more longterm follow-up with
testing. This is encouraging in light of the concern with

side-effects of intervention, and should trigger an even ove:



loaded primary health care to use the experiences from the
trial and take their responsibility on risk drinking as a

health problem seriously.

A long-time follow-up of the groups would of course be of
greate importance. As the control-group also was included in
the one-year follow-up, one have to find other methods fo;
evaluation. Several end-peints seem actual in this connection,
for instance heospitalization, sickness- or disability

allowance, and death rate. Such follow-up are already planned.



PINAYL, REMARKS

The population perspective has obvious advantages, but also
some weaknesses. The weaknesses$s are primarily associated witi
the study design, including the practical organigzation bheside
the established health services. Some of the conclusions may
therefor indicate solutions somewhat "distanced" from the

existing health services.

On the other hand, the same perspective contains indisputable
scientific benefits, It has enabled us to document the sex
difference of GGYT, which might led to‘changes in the actual
laboratory reference values of GGT.

It has also been possible, through this perspective, to
document the diagnostic characteristics of GGT and the two ne
biolegical alcohol markers (CDT and mAST), a dcocumentation
which indicate the need for further search after new and
better alcohol markers.

We also hope to have demonstrated the possibility for
intervention, by simple means, on individuals with an alcohol
risk consumption. We therefor allow us to expregs a modest
hope that we, through this study, may have inspired other
researchers for further work on this field, a field where

Norwegian colleagues not have been heavy represented.



APPENDIX.

10 POINTS OF ADVICE CONCERNING THE USE OF ALCOHOL*

Register how much alcohol you drink over a period, e.g. 2
weeks. Calculate the average per day. Remember that "home-

made" drinks are normally larger than "bardrinks".

If you are a man, try reducing to 30 g per day (or less).

If you are a woman, try reducing to 15 g per day {(or less)

Plan your drinking. decide ahead of time when and how muck

you will drink.

Leave off drinking for two days running. "A halr of the

dog” is often the quick way to alcohol dependency.

If you drink liguor, mix your drinks with wather (soda- o
mineral water). Put your glas down bhetween each sip. By
taking non-alcoholic drinks {e.g soda water) between each

drink, you can reduce your alcohol intake.

If you feel you drink foo much, 1t may help if you change
your drinking situations (drink with other people, other

places, other times, openly instead of secretly), or type
of drink (from liquor to beer or wine, from beer to light

beer) .



7. Never use alcohol as medicine. Alcohol 1s a very bad nerv
medicine, a very bad sleeping drug, and is absolutely

useless as a "problem solving medicgine"

8. Alcohol is best used when you are in a good mood. Avoid
alcohol when you are low. Alcchol often increases the moo

you are in when you start drinking.

9. If you think you drink toco much, see your doctor and ask

have your liver checked with the bloodtest GAMMA-GT.

10. See that you have an alternative to alcohol in the house
Many people appreciate a cup of coffee or tea, or a fizz
non-alcoholic drink instead ¢f alcohol. Try yourself too

"You will never regret the drink you did not take".

* From the pamphlet given to the participants in the

intervention trial.



REFERENCES

1.

10,

Duckert F. Behandling av alkocholmisbrukere. Noen viktige
faktorer i samarbeidet mellom behandler og klient.
(Treatment of alcohol misusers. Some important factors ir
the cooperation between therapist and client). SIFA-
mimeograph 1983;72:1-5.
World Health Organization. Problems related to alcohol
consumption. Technical Report Series No. 650. Geneva:
World Health Organization, 1980.
Williams AT, Burns FH, Morey S. Prevalence of alcoholism
in a Sidney teaching hospital. Med J Aust 1978;2:608-11.
Jariwalla AG, Adams PH, Hore BD. Alcohol and acute geners
nedical admissions to hospitel. Health Trends 1979;11:95-
Berglund CJ. Den alkoholorsakade sjukvdrdskonsumtionen.
Nord Psyk Tidskr 1975:29;21-34.
Romelsje A. Consumption of care among problem drinkexrs ir
a small industrial town in Sweeden. Fam Pract 1988:5;271:
Stene-Larsen G, Bergesen @. Alkoholmisbruk saom Arsak til
innleggelser i medisinsk avdeling. Tidsskr Nor Lageforen
1990:110;1838-40.
Idestrom CM. Alkohol- och ldkemedelsmishrukare bland de
psykiatriska jourfallen pd KS. Lakartidningen
1974:71;1836-8.
Saunders JB. Alcohol: An important cause of hypertension
Br Med J 1987;294:1045-6.
Henningsen NC, Ohlsson O, Trell E, et al. Hypertension,
levels of serum gamma-glutamyltranspeptidase and degree «

blood pressure control in middle-aged males. Acta Med



11.

12.

13.

14,

15,

16.

17.

18.

19.

20.

Scand 1980;207:245-51.

Winickoff RN, Murphy PK. The persistent problem of poor
blood pressure control. Arch Intern Med 1987;147:1393-¢
Saunders JB, Aasland 0G. WHO collaborative project on
identification and treatment of persons with harmful
alcohol consumption. Report on phase 1. Development of
screening instrument. WHC, Geneva 1987.

Anonymous. Alcohol - looking for problems. J R Coll Gen
Practitioners 1983;33:8-9.

Wilking RH. The hidden alcoheolic in general practice; a
method of detection using a questionnaire. London: Elek
1974.

Anderson P. Alcohol. Br Med J 1982;284:1758-60.

Skinner HA, Holt §, Israel Y. Early identification of
alccohol abuse: critical issues and psychosocial indicat
for a composite index. Can Med Assoc J 1981;124:1141-52
Holt &, Skinner HA, Israel Y. Early identification of
alcohol abuse: clinical and laboratery indicators. Can
Assoc J 1981;124:1279-95,

Edwards G, Gross MM. Alcohol dependence: provisional de
cription of a clinical syndrome. Br Med J 1976;1:1058-6
Skinner HA, Allen BA. Alcchol dependence syndrome: meas
rement and validation. J Abnorm Psych 1982;91:199-209.
Ogborne AC. Patient characteristics as predictors of
treatment outcomes for alcohol and drug abusers. In:
Research advances in alcohol and drug problems. Vol 4,
pp 177-223. Israel Y, Glaser FB, Kalant H, et al. (Eds)

New York: Plenum, 1974.



21.

22.

23.

24.

25.

26,

27.

28.

29.

Watson RR, Mohs ME, Eskelson C, et al. Identification of
alcohol abuse and alcoholism with biclogical parameters.
Alcoholism (NY) 1986;10:364-85.

Latcham RW. Gamma-glutamyl transpeptidase and mean
corpuscular volume: Their usefulness in assessment of in-
patient alcoholics. Br J Psychiatry 1986;149:353-6.
Kristenson H, Trell E., Indicators of Alcohol Consunption:
Comparison Between a Questionnaire (Mm-MAST), Interviews
and Serum y-Glutamyl Transferase {(GGT) in a Health Survey
of Middle-aged Males. Br J Addict 1982;77:297-304.
Wallace P, Haines A. Use of a guestionnaire in general
practice to increase the recognition of patient with
excessive alcohol consumpticn., Br Med J 1985;290:1448-53,
Jorge MR, Masur J. An attempt to improve the identi-
fication of alcohol-dependent patients in a teaching
general hospital. Drug Alcohol Depend 1985;16:67-73.
Stamm H, Hansert E, PFeuerlein W. Detection and Exclusion
of Alcoholism in Men on the Basis of Clinical Laboratory
Findings. J Clin Chem Clin Biochem 1984;22:79-96.

Persson J, Magnusson PH. Comparison between Different
Methods of Detecting Patients with Excessive Consumption
of Alcohol., Acta Med Scand 1988;223:101-9.

Peterson B, Trell %, Kristenson H. Comparison of y-
.glutamyl transferase and questionnaire test as alcohol
indicators in different risk groups. Drug Alcohol Depend
1983;11:279-86.,

Bernadt MW, Taylor C, Mumford J, et al. Comparison of

questionnaire and laboratory tests in the detection of



30.

31.

32.

33.

34.

35.

36,

37.

38.

excessive drinking and alcoholism. Lancet 1982;1:325-8.
Salaspuro M. Conventional and Coming Laboratory Markers
Alcoholism and Heavy Drinking. Alcoholism (NY)
1986;10:512.

Kapur A, Wild G, Milford-wWard A, et al. Carbehydrate
deficient transferrin: a marker for alcohol abuse. Br Me
J 1989,;299:427-31.

Gjerde H, Johnsen J, Bjernebo A, et al. A comparison of
serum carbohydrate-deficient transferrin with other
bioclogical markers of excessive drinking. Scan J Clin Le
Invest 1988;48:1-6.

Stibler H, Borg 8. Carbohydrate composition of transferrs
in alcoholic patients. Alcoholism (NY) 1986;1C:61-4.
Stibler H, Beckman G, Borg §. Transferrin phenotype and
level of carbohydrate-deficient transferrin (CDT) in
healthy individuals. Alcoholism (NY¥Y 1988;12:450-3.
Stibler H, Dahlgren L, Borg S. Carbohydrate-deficient
transferrin (CDT) in serum in women with early alcchol
addiction. Alcohol 1988;5;393-8.

Behrens UJ, Worner TM, Braly LF, et al. Carbochydrate-
deficient transferrin, a marker for chronic alcohol
consumpticn in different ethnic populations. Alcocholism
(NY) 1988;12:427-32.

Behrens UJ, Worner TM, Lieber CS. Changes in Carbohydrat
Deficient Transferrin Levels after Alcohol Withdrawal.
Alcoholism (NY) 1988;12:539-44.

Ewoh-Gain I, Fletcher LM, Price J, et al. Desialylated

Transferrin and Mitochondrial Aspartate Aminotransferase



39.

40.

41,

42.

43.

44,

45,

46.

Compared as Laboratory Markers of Excessive Alcohol
Consumption, Clin Chem 1990;36:841-5,

Vassault A, Lacour B, Le Guillou A, et al. Mesure de
ltactivit® sérique aspartate aminotransferase d'origine
mitochondriale dans l'alcoolisme. Act Pharm Biol Clin
1984;3:266-9.

Okuno F, Ishii H, Kashiwazaki K, et al. Increase in
Mitochondrial GOT (m-GOT) Activity After Chronic Alcohol
Consumption: Clinical and Experimental Observations.
Alcohol 1988;5:49-53.

Nalpas B, Vassault A, Le Guillou A, et al. Serum Activity
of Mitochondrial Aspartate Aminotransferase: A Sensitive
Marker of Alcoholism with or without Alcoholic Hepatitis.
Hepatology 1984;4:893-6.

Nalpas B, Vassault A, Charpin 8, et al. Serum mitochondri-
al aspartate aminotransferase as a marker of chronic
alcoholism: Diagnostic value and interpretation in a live:
unit. MHepatology 1986;6:608-14.

Lumeng L. New diagnostic markers of alcohol abuse.
Hepatology 1986;6:742-5.

Chan AWK, Leong FW, Schanley DL, et al. Transferrin and
mitochondrial aspartate aminotransferase in young adult
alcoholics. Drug Alcohol Depend 1989;23:13-8.

Rej R, Keese CR, Giaever I. Direct immunological
determination of aspartate aminotransferase iscenzyme.
Clin Chem 1981;27:1597-601.

Schiele F, Artur Y, Varasteh A, et al. Serum Mitochondrial

Aspartate Aminotransferase Activity: Not Useful as a



47.

48.

49.

50.

51.

52.

53.

54.

55,

Marker of Excessive Alcchol Consumpition in an Unselected
Populatien. Clin Chem 1989;35:926-30.

Advisory Committee on Alcoholism. The pattern and range
services for problem drinkers. London: HMS30, 1978,
Kristensson H, Ohlin H, Hulten-Nosslin MB, et al.
Identification and intervention of heavy drinking in
middle-aged men:results and follow-up of 24-60 months of
long-term study with randomised contrels. Alcoholism
1983;7:203-9.

Chick J, LLoyd G, Crombie E. Counselling problem drinker
in medical wards: a controlled study. Br Med J 1985;
290:965-7.

Misslbeck NG, Campbell TC, Roe DA. Increase in hepatic
gamma-glutamyltransferase (GGT) activity following chron
ethanol intake in combination with a high fat diet.
Biochem Pharmac 1986;3:399-404.

Wnitfield JB. Alcohol-related bicchemical changes in hea:
drinkers. Aust N2 J Med 1981;11:132-9.

Shaw 8, Lieber C8. Mechanism of increased gamma-glutamyl
transferase after chronic alcohol consumption: Hepatic
microsomal induction rather than dietary imbalance. Subsf
Alcohol Actions Misuse 1980;1:423-8.

Rosalki SB. Gamma-glutamyltranspeptidase. Adv Clin Chem
1975,;17:53-107.

Skude G, Wadstein J. Amylagse, hepatic enzymes and
bilirubin in serum of chreonic alcoholics. Acta Med Scand
1977;201:53-8. -

Whitfield JH, Moss DW, Neale G, et al. Changes in plasma



56.

57.

58.

59.

60.

61.

62.

63.

64.

gamma glutamytranspeptidase activity assoriated with al-
teration in drug metabolism in man. Br Med J 1873;1:316-8
Ishii #H, Okuno F, Shigeta Y, et al. Significance of serum
y-glutamyltranspeptidase as a marker of alc¢oholism.
Pharmacol Biochem Behav 1980;1:95-9.

Shaw S8, Lieber CS$. Mechanism of increased y-glutamyltrans
peptidase after chronic alcohol consumption: Hepatic
microsomal induction rather than dietary imbalance. Subst
Alcohol Actions Misuse 1980;1:423-8.

Rosalki SB, Rau D. Serum gamma-glutamyl transpeptidase
activity in alcoholism, Clin Chim Acta 1972;39:41-7.

Wu A, Slavin G, Levin AJ. Elevated serum gamma-glutamyl
transferase (transpeptidase) in histological liver damage
in alcoholism. Am J Gastroenterol 1976;65:318-23.
Whitfield JB, Pounder RE, Neale G, Moss DW. Serum y-
glutamyl transpeptidase activity in liver disease. Gut
1972;13:702-8.

Peterson B, Kristenson H, Sternby NH, et al. Alcohol
consumption and premature death in middle-aged men.

Br Med J 1980;280:1403-6.

Whitehead TP, Clarke CA, Whitefield AGW, Biochemical and
haematological markers of alcohol intake. Lancet
1978;1:978-81.

Miyazaki §, Okumura M. Change of serum y-glutamyl trans-
peptidase level and iscenzyme pattern in heptobilary .
pancreatic disease. Ciin Chim Acta 1972;40:183-7.

Lum G, Gambino SR. Serum gamma-glutamyl transpeptidase

activity as an indicator of disease of liver, pancreas, ol



65.

66.

67.

68.

69.

70.

71.

72.

bone. Clin Chem 1972;18:358-62.

Lamy J, Baglin MC, Ferrant JP, et al. Diminution de la
glutamyltranspeptidase sérigue des &thyliques & la suit
du sevrage. Clin Chim Acta 1974;5%6:169-73.

Teschke R, Brand A, Stohmeyer &. Induction of hepatic
microsomal gamma-glutamyl transferase activity followin
chronic alcohoi consumption. Biochem Biophys Res Comm
1977;75:168-73.

Martin-Boyce A, Schwartz D, Dreyfus J, et al. Biochemic
and haematological markers of alcohol intake. Lancet
1878;2:529,

Westwood M, Cohen MI, McNamara H. Serum gamma-glutamyl
transpeptidase activity: a chemical determinant of alco
consumption during adolescence. Pediatrics 1978;62:560-
Reyes E, Miller WR, Taylor CA, et al. The activity of
gamma-glutamyl transpeptidase in the serum of problem
drinkers. Pro¢ West Pharmacol Scoc 1978;21:289-97.
Kristenson H, Trell E, Fex E, Hood B. Berum ganmma-
glutamyltfansferase: statistical distribution in a midd
aged malepopulation and evaluation of alcohol habits in
individuals with elevated levels. Prev Med 1980;6:108-1
Rokot F, Ruska J. {ber die Bedeutung der Isoenzyme der
glutamyl transpeptidase in der Klinischen diagnostik.
Cilin Chim Acta 1965;11:118-21.

Robinson D, Monk C, Baily A. The relationship between
serum gamma-glutamyl transpeptidase level and reported

alcohol consumption in healthy men. J Stud Alcohol



73.

74 .

75.

76.

77.

78.

79.

80.

81.

82.

1979,;40:8%96-901.

Penn R, Worthington DJ. Is serum gamma-glutamyltransferas
a misleading test? Br Med J 1983;286:531-5,

Moses LE, Qakford RV. Tables of Random Permutation.
Stanford University Press 1963. Stanford, California, USA
Bjartveit K, PFoss 0P, Gjervig T, Lurd-Larsen PG. fhe
cardiovascular disease study in Norwegian counties. Acta
Med Scand 1979;Suppl 634:1-70.

Kringlen E. Individ og psykiatri. 3rd ed. Oslo:
Universitetsforlaget, 1988.

Cushman P, Jacobson G, Barboriak JJ, Anderson AJ.
Biochemical markers for alcoholism: sensitivity problemns.
Alcoholism {NY) 1984;8:253-7.

Sharper AG, Pocock 8J, Ashby D, Walker M, Whitehead TP.
Biochemical and haematological response te alcohol intake
Ann Clin Biochem 1985;22:50-61.

Rosengren A, Wilhelmsen L, Berglund C, Elmfeldt D. Non-
participants in a general population study of men, with
special reference to social and alcohol prokhlems. Acta Me
Scand 1987,;221:243-51.

Wilhelmsen L, Ljungberg 3, Wedel H, Werké L. A compariscon
between participants and non-participants in a primary
preventive trial. J Chron Dis 1976;29:331-9.

Aare LE. Health behaviour and sociceconomic status. A
survey among the adult population in Norway. Thesis.
University of Bergen. Bergen, 1986.

Jacobsen BK, Thelle DS. The Tromse Heart Study:

Responders and non-responders to a health questionnaire,



83.

84.

85,

86.

87.

88.

8%,

g0.

91.

92.

do they differ? Scand J Scc Med 1988;16:101-4,

Tverdal AA. The mortality follow-up of persons invited

a cardiovascular disease study in five areas in Norway.
National Health Screening Service, 0Oslo 1989.

Jellineck EM. The disease consept of alcoholism. Hillhou
press 1960,

SIFA. Rusmidler i Norge 198%2. Statens Institutt for
Alkoholforskning, Cslo. 0Oslo, 1989.

Schrumf, E. Personal communication.

Hillers VN, Alldredge JR, Massey LK. Determination of
habitual alcohol intake from a panel of blood chemistric
Alcoheol & Alcoholism 1986;2:199-205.

Nordlund 8. Data om alkohol og andre stoffer 198%. (Data
on alcohol and other drugs 1985). SIFA-mimeograph no.1/8
Simpura J. Finnish Drinking Habits. Results from Intervi
Surveys held in 1968, 1976 and 1984. The Finnish
Foundation for Alcohol Studies, Volume 35, Helsinki 1987
Goldherg DM. Structural, functional, and clinical aspect
of gamma-glutamryltransferase. CRC Crit Rev Clin Lab Sci
1980;17:53-107.

Schiele ¥, Guilmin A¥, Detienne H, Siest G. Gamma-
glutamyltransferase activity in plasma: statistical
distribution, individual variation, and reference
intervals. Clin Chem 1977;23:1023-8.

Arnesen E, Huseby NE, Brenn T, Try XK. The Tromse Heart
Study: Distribution of, and determinants for, gamma-
glutamyltransferase in a free living population. Scand

J Clin Lab Invest 1986;46:63-70,



PARER 1



AMERICAN JOURNAL OF EPIDEMIGLOGY

Copynight £ 199G by The Johns Hopkins University Sehool of Higiene and Public Health

All rights reserved

Vol 132 No 2
Printed in U5 A

THE TROMSG STUDY

BISTRIBUTION AND PORPULATION DETERMINANTS OF GAMMA-
GLUTAMYLTRANSFERASE

ODD NILSSEN, OLAV HELGE FORDE. asp TORMOD BRENN

Milssen, 0. {Inst. of Community Madicing, U. of Tromse, N-8000 Tromse,
Norway), 0. H. Ferde, and T. Brenn, The Tromse Study: distribution and population
determinants of gamma-glutamyltrensierase. Am J Eplderniol 1990;132:318-26.

Gamma-ghutanyltrensferase was measured in 10,842 males aged 12-82 years
and 10,840 females rgad 12-59 yoars screened in a health survey program. The
distribution was right-skewed, with medians of 17 and 12 units/fiter for males
and femates, respactively. Fewer than 5.5% of the males and 1.5% of the females
had velues exceeding 50 units/liter, raflecting the modest usa of alecohol i
Norwsy. In sex-specific mulliple reqression  analyses, gainma-glutsmyl-
trunsioragse showed a strong positive sssoctiation with body mass index, aleohol
une, and total serum cholesterol and a somewhal weaker positive associstion
with serum triglyceridas, high density lipoprotein cholestarol, heart rate, blood
pressure, use of anslgesics, and time since last meal. Strong negative 833ocia-
tions were found for coffe consumption, hour of the day at which the examination
was performed aad, in males, physical activity. in females, use of orsl contrecep-
tives and menopause were positively ssgociated with gamma-glutamylirang-
terase, wheraas prognant females hod lower values. In conclusion, the gamma-
glutamyliransterase level in the Tromse population wae low, with marked and
consistent sexn differsnces which probably are physiclogic. Within its nedel
range, gamma-glutamyltransferase has many othar, even stronger delerminants
than alcohol consumpiion,

slcohol drinking: blobd pressure; body weight; coffes; gamma-glutamyitrens-

terase; hoalth surveys; lpids; smoling

In Norway and in many other oceciden-
tal countries, gamma-glutamyltransferase
(GGT) has been used as the best single
marker of alcohol intake (1-8). Several
studies dealing with this topic (9-14} have

Received for publication August 25, 1989, and in
final form Febhruery 16, 19%0.

Abbreviations: GGT. gamma-glutamyltransferase;
HDL cholesterol, high density lipoprotein cholesterol.

From the Institute of Community Medicine, Uni-
versity of Tromse, Tromss. Norway, in cooperation
with the National Health Screening Service, Oslo,
Norwsay.

Renrint requests to Dr. Odd Nilssen, Institute of

evaluated the use of GGT in identifying
high-risk alcohol consumers, described the
association between drinking habits and
GGT, and considered GGT & beneficial ool
in monitoring treatment of heavy drinkers.
Others (15-19) have associated GGT with
stroke, hepatobiliary diseases, and prema-
ture death, using GGT as an indicator of
alcohel consumption.

In spite of the wide use of GGT in clinical
practice, knowledge concerning the distri-
bution and the determinants of this risk
factor in the normal population is sparse.

The Second Tromsa Study, conducted in
1070 1090 avarmired the dietribotion of



GAMMA-GLUTAMYL TRANSFERASE

nants in a subsample of 3,233 subjects
screened for coronary risk factors (203

The Third Tromse Study, carried out in
1986-1987, gave us the opportunity to
study the population distribution of GGT
as wel} as its relation with a wide variety of
possible determinants in a total population
of more than 20,000 middie-aged males and
females.

MATERIALS AND METHODS

The total population of males aged 20~
62 and females aged 20-59 in the munici-
pality of Tromsé was invited to participate
in the Third Tromss Study. In addition, 2
sample of males and females aged 12-19
was invited. The total number examined
was 21,782, 81.3 percent of the eligible pop-
ulation.

The examination included a question-
naire identical with that used in the two
previous studies in Tromsg (20, 21) and in
the cardiovascuiar studies in Ncrwegian
counties (22). In addition, a second ques-
tionnaire, given to subjects at the end of
the examination, was to be returned by
mail. Altogether 20,025 (92 percent) partic-
ipants returned this questionnaire on edu-
cation, previous and present diseases, di-
etary habits, alcohol, use of drugs, and
mental and sleeping problems. For females,
some items on menstruation and contra-
ception were also included.

The physical examination comprised col-
lection of venous nonfasting blood samples
for measurements of serum lipids and GGT;
measurement of weight, height, and blood
pressure; and a one-channel electrocardi-
ogram, Systolic and diastolic blood pres-
sures were recorded with an automatic de-
vice (DINAMAP R, Critikon, Tampa,
Florida) and measured three times at inter-
vals of 2 minutes on the right upper arm
while the subject was in a sitting position.
Total serum cholesterol was measured di-
rectly by the enzymatic oxidase method
using a commercial kit (Boehringer Mann-
heim, Mannheim, Federal Republic of Ger-

{HDL cholesterol) was assayed by the s
procedure after precipitation with hep:
and manganese chloride. Triglycerides v
enzymatically determined as glyc
(Boehringer Mannheim). The meas
ments of GGT were performed at 3
according to the recommendations of
Scandinavian Enzymes Committee (
The serum samples were kept at 4°C .
analyzed within 48 hours. The coeffic)
of variation was 2.8 percent for a comn
cial control serum {Precinorm, Boehrir
Mannheim) during the study period.

All laboratory assessments were |
formed by the Division of Clinical Che
istry, University Teaching Hospital
Tromsa.

Multiple regression analyses were |
formed separately for each sex using
Statistical Package for the Social Scien
(24). Since the distribution of GGT
skewed to the right, ali GGT values w
logarithmically transformed and hence
placed by log, (GGT) when used as
dependent variable.

Initial regression procedures were
complished by introducing the independ
variables in subsets, i.e., blocks compris
demographic variables, alcohol consur
tion, other life-style variables {coffee
tobacco consumption), medication, syn
toms, and physical measurements (ser
lipids, blood pressure, body mass, and he
rate). When introduced as first block,
association was not adjusted for other ve
ables, but when introduced as last block
was adjusted for all other variables. T
blocks were tested independently of e
other, and the analyses were done w
forced forward entry and backward elir
nation using a & percent level of sign
cance as criterion,

The following independent variables
mained in the regression model in one
both of the sexes: teetotaler (no/yes), b
and liquor consumption {graded as 1, nes
or a few times a year; 2, 1 to 2 time:
month; 3, once a week; 4, 2 to 3 time:

n
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quency of alcohol intake on one occasion
corresponding to the amount in one bottle
of wine (graded as 1, not last year; 2, a few
times last year; 3, 1 to 2 times a month; 4,
three ot more times a week), daily smoking
(no/yes}, cups of coffee per day {graded as
1, less than 1; 2, 1-4; 3, 5-8; or 4, eight or
more), boiled, filter, and instant coffee (no/
yes), use of analgesics during the last 2
weeks {no/yes), bothered by sleeplessness
{no/yes), suffering from headache {graded
gs 1, seldom or never; 2, one time or more
per month; 3, one time or more per week;
or 4, daily), hour of day of the examination
(8 a.m. to 9 p.m.), time since last meal (in
hours), age (in 5-year age groups}, physical
activity at work (graded as 1, mostly sed-
entary; 2, a lot of walking; 3, a lot of walking
and lifting, or 4, heavy manua) labor), lei-
sure time physical activity (graded as 1,
seldom or never: 2, weekly; 3, several times
per week; or 4, daily}, total and HDL cho-
lestero} {mmol/liter), triglycerides (mmol/
liter), body mass index (g/cm?), systolic
pressure (mmHg), and heart rate {fre-
quency/minute). For women, use of oral
contraceptives (no/yes), current pregnancy
{no/yes), and menopause {no/yves) were
also included. These variables were in-

NILSSEN ET AL,

cluded in the final standard multiple
regression analyvses,

Multipie classification analysis was per-
formed in order to display the association
between each independent variable and
GGT adiusted for other variableg (24).

REsULTS

Table 1 shows the percentile distribu-
tions and some descriptive measures of
GGT for each sex. That some individuals
had high GGT values was demonstrated by
the positive coefficients of skewness. The
medians varied with age from 11 to 189 in
males and from 9 to 13 in females. The
means and standard deviations increased
by age in males up to age 50-54 years
followed by a decrease, while in women the
increase was almost linear for all ages.

The skewness and kurtosis values in ta-
ble 2 show that the logarithmically trans-
formed GGT had a shape close to the nor-
mal distribution. In addition to the
variables displayed in table 2, the following
variables did not reach the level of statis-
tical significance { p > 0.05} in either sex in
our initial analyses and were subsequently
not considered: marital state; daily break-
fast; wine censumption; indicators of salt

TABLE 1

Percentiles and some descriptive measures of gamma-glutamyltransferase (unus/liler) by sex and age, Tromss,
Norway, 1986-1987

Age groups [years)

Percentiles Males
12-14 15-19 20-24  25-29  30-34  35-39 40-44 45-49  50-.54 55-59 60-82 1262
2.5 3 4 5 G 6 7 8 & 8 8 7 [
50 4 6 8 8 8 a8 9 8 9 8 g 8
10.0 7 ] 9 ] 9 10 11 11 11 11 11 10
25.0 9 11 12 13 13 13 14 14 14 13 14 13
50.0 11 13 15 16 17 18 18 19 18 i8 18 7
75.0 14 16 21 2 73 5 28 29 28 28 27 24
90.0 17 71 29 33 N 39 43 45 45 43 39 38
95.0 20 26 34 {4 49 55 GO 66 80 65 58 52
97.5 21 kY 42 58 68 T4 83 94 4 97 7 70
99.0 44 48 56 84 39 101 109 126 136 175 193 103
No. 179 367 1,158 1,313 1,578 1,708 1,485 1074 891 835 354 10,942
Mean 1.8 143 179 19.9 21.2 22.8 24.5 26.1 270 257 248 22.4
Comndard dnwimtbime ET A 118 155 198 298 21.4 304 474 278 286 24.8
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intake, use of vegetables; low back pain;
neck pain; mental depression; coping prob-
lems; sickness, disability, or unemplovment
allowances; and use of the antihyperten-
sives, hypnotics, heart medication, anti-
pyretics, migraine drugs, antiepileptics,
tranquilizers, antiallergica, and eczema
cintment.

In the final regression analysis, displayed
in table 2, the independent variables ex-
plained 23.4 percent of the total variance
in males and 12.5 percent in females. The
lower number for explained variance in fe-
males may to some extent reflect a possible
low analytical precision by measurements
at low levels of GGT.

In both sexes, body mass index, serum
lipids, heart rate, blood pressure, time since
last meal, sleeplessness, headache, and use
of analgesics were positively associated {p
< 0.05) with GGT. Both the frequency of
one-occasion intake of alcohol correspond-
ing to one bottle of wine and use of beer
raised the GGT level in both sexes, whereas
being a teetotaler was associated with a
lower GGT level. Use of liquor reached
statistically positive significance only in
males.

The number of cups of coffee per day,
the hour of day of examination, and phys-
ical activity at leisure and at work (in
males) showed a strong negative assocta-

tion with GGT. With the methods of br
ing taken into consideration, the asso
tion of coffee with GGT was predominar
linked to the intake of boiled cof
whereas the two other coffee types (fi
and instant} displayed a positive asso
tion with GGT,

In women, use of oral contraceptives ¢
menopause also showed a positive asso
tion, whereas pregnant women displaye
lower GGT level.

The different subsets of variables ¢
tributed, when introduced are as first bl
and last block (in parentheses) in ms
and females, respectively, as follows: al
hol consumption, 20(12) and 1{8) perce
other life-style variables, 5(8) and 13(
percent; physical measurements, 63(
and 37(28) percent; and demographic ve
ables, 22(3) and 18(3) percent. The sub
of variables specific for women contribul
28 percent as first block and 13 percent
last block. Figure 1 displays sex-speci
means of GGT for each category or p
centile for some of the strongest deterr
nants. The means were mutually adjust
for all other determinants in the figure
analysis of covariance (multiple classifi
tion analysis) {24}, In addition, all mes
are adjusted for age, time since the I
meal, hour of day of the examination, a
heart rate.

TagLe 1-—-Continued

Age groups {years)

Females
12-14 1519 20-24 25429 30-34 35-39 4$0-44 45-4% 50-54 55-59 12-53
3 4 4 4 4 4 4 5 5 5 4
4 6 5 5 5 ] 6 6 K 8 [+
6 7 7 7 7 7 7 8 8 9 7
8 8 9 8 8 9 £l 9 10 11 9
9 11 12 i1 i 12 12 12 13 13 12
11 14 15 14 i4 14 15 16 18 18 15
13 18 20 18 1% 19 20 23 27 28 20
16 22 25 23 23 25 29 32 45 43 27
18 27 34 29 34 34 43 35 60 61 38
24 34 45 41 51 57 67 4 %0 92 63
193 389 1,299 1,568 1,845 1678 1,524 1,068 71 381 10,840
9.8 172.0 13.2 12.3 131 13.5 14.3 15.0 171 18.3 13.8
A qg £ Qd n A 11 4 t4 B 180 19 8 179 99 8 13 6



322

NILSSEN ET AL

TaBLE 2

Regression coefficrents (b with t values (t)n mudtiple regression analvsis of transfurmed gamma-
glutamyltransferase with a dependent variable of log. (gamma -glutamsltransferase). Trumse, Naruay,

1986~ 1987
Males Females
(s §9430° {n = 9.830¢
b t [ {
Body mass index 0.1801 2202 30809 12.07
Serum lipids
Total cholesterol 0.0285 12,76 0.0092 4.14
KDL cholesterol £.0402 5.37 0.01587 2.53
Friglycerides 0.0158 5.78 0.0136 3.95
Hour of day of the examination -0.0115 ~11.41 ~0.0079 -8.96
Coffee {cups/day) ~(3.03G8 -3 R8 ~0.0253 -§.22
Boiled —~Q.0171 - 284 —~0.0262 ~4.63
Filter 0.0282 5.03 0.0294 5.28
Instant 0.0189 209 0.0235 2.65
Heart rate 06014 783 0 0004 2.22
Physical activity at work -0.0182 -7.95 -0.004% -1.50
Systolic biood pressure 0.0012 6.80 0.0010 6.18
Time since last meal 0.0089 6.50 0.0054 498
Frequency of alcohel use
Beer 0.0162 6.00 0.0114 4.03
Liquor 0.0201 6.38 0.0055 1.80
Intake corresponding to 1 bottle of wine 0.0233 6.58 0.0206 6.37
Teeiotaler -0.0441 ~5.31 -0.0341 ~4.54
Leisure time physical activity ~0.0151 ~5.07 ~0.0064 ~1.91
Use of analgesics 0.0184 502 0.0147 4.59
Sleeplessness 0.0207 474 0.0086 2.48
Headaches 0.0693 272 0.0122 4.52
Age (group) 0.6016 132 0 G084 5.76
Daily smoking -0.0060 -1.18 0.0224 4.68
Use of oral contraceptive 00561 7.70
Current pregnancy ~0.1158 -9.16
0.0248 3.45

Menopause started

* Mean, 1.258: standard deviation, 0.258; skewness, 0.562; kurtoais, 2.553; R?, 0.234.
% Mean, 1.073; standard deviation, 0 219; skewness, 0.608; kurtosis, 4.281; R? 0.125.

For coffee consumption, only subjects
predominantly drinking a particular type
of coffee were included: for boiled coffee,
6,568 and 6,557 males and females, respec-
tively, and for filter coffee, 3,513 and 2,832,
respectively. As seen in figure 1, the nega-
tive association was stronger for boiled cof-
fee than for filter coffee in both sexes. In
men, the negative association seemed to
level out in the highest consumption
groups.

The alcohol variables showed a modest
and almost linear increase up to the most

frequent drinkers, for whom the increase
; " I I e Y Ea o

also seen for body mass index in females.
In males, on the other hand, the positive
association seemed to cover the whole
range of body mass, although it was steeper
in the higher percentiles.

A somewhat weaker, but positive associ-
ationr was found between GGT and total
cholesterol. In the same way as demon-
strated for body mass index, the relation
was stronger in males than in females, but
was almost linear in both sexes. A similar
pattern was observed for systolic pressure.

DI1sCUSSION

UV ne o wwrimdaly: t1oard i rven i st 1 e
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FIGURE 1. Mean velues of gamma-ghutamyltransferagse, mutually adjusted by analysis of covariance fo
other variables in the figure and for age, time since last meal, hour of the day of the examination, and
rate, according to the level of some of the strongest determinants. Liguor and beer consumption categori
never or 4 few times a year; 2, 1-2 times & month; 3, once a week; 4, 2-3 times a week; 5, about daily. Freque
of alcohol consumption categories: }, not last year; 2, a few times last year; 3, 1-2 times a month; 4, thr

more times a week, O, male; &, female.

drinkers, In this setting, it is crucial {o be
aware of other possible determinants which
can influence GGT over time. Te our
knowledge, no other study of comparable
size has explored the relation between GGT
and a hroad spectrum of demographic,
physical, and life-style variables in a rep-
resentative normal population. The size of
the data set also allowed a separate analysis
of teetotalers which revealed an impact as
strong and even stronger of these determi-
nants.

Since the study took place over a period
of 9 months (August 1986 to April 1987)

one might expect our findings to be sc
what biased by seasonal and geogra
variations., Separate analyses of seass
and weekday variations were perfon
and the most consistent finding we
higher GGT level in both sexes in Dec
ber. This probably reflects life-s
changes, including an Increased alci
consumption during this month. Adj
ment for these possible confounders
weekday variation did not, however, &
any of our conclusions.

The sex difference in GGT level i
accordance with other studies (25).
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determinants and is most likely physio-
togic. Use of oral contraceptives increased
the GGT level by 15 percent and pregnancy
lowered the GGT level by 25 percent,
whereas postmenopausal state was associ-
ated with a 7 percent increase. These sig-
nificant effects may suggest an association
between hormonal state and GGT.

A noticeable increase of approximately
10 percent in the GGT levels was observed
when we compared our results with the
findings of the Second Tromse Study {20).
This increase seems uniform with regard to
age and sex, which may point toward &
change at laboratory level, aithough the
methods used in the two studies were ba-
sically the same. The distribution of the
present study, however, was noticeably
more right-skewed, with a marked increase
in the number of high values. This may
indicate change in one or more of the strong
determinants of GGT. Correspondingly, an
increase in the frequency of alcohol intake
both for beer and wine was observed be-
tween the surveys, together with a reduc-
tion in coffee consumption.

Irrespective of the observed increase, the
levels of GGT were still low in this popu-
Jation. This may reflect the fact that the
alcohol consumption and the prevalence of
hepatobiliary diseases in Norway are low
compared with other occidental countries
(26). To what extent this reduces the gen-
eralizability of our findings is difficult to
predict. It probably affects the relative im-
pact of alcohol and diseases as predictors
rather than the association with other vari-
ables.

As expected, the use of alcohol was an
important predictor for elevated GGT in
both sexes {1-3). Although highly intercor-
related, each of our alcohol variables con-
tained separate information about the use
of alcohol. However, only use of beer and
the frequency of high one-occasion alcohot
intake together with being a teetotaler were
significantly associated in both sexes. Use
of wine displayed a positive association in

NILSSEN ET AL

icant. This may reflect the lack of a wine-
drinking tradition, with a low intake in our
population. Correspondingly, the low liquor
intake in females vielded nonsignificance,
whereas fiquor use in males was 8 strong
predictor of GGT. Of the total variance
explained, the alcohol variables contributed
about 20 and 10 percent in males and fe-
males, respectively.

Several recent reports (27-29) have sug-
gested an association between high alcohol
consumption and primary hypertension. In
our study, increasing GGT was associated
with increasing blood pressure and heart
rate. On the other hand, blood pressure and
heart rate, as well as body mass index,
showed the same or stronger independent
association with GGT in teetotalers (data
not shown). These associations, therefore,
seemed not to be mediated through alcohol
consumption in our study.

The strong impact of coffee drinking on
GGT was the most unexpected finding, al-
though indicated in the Second Troms#
Study (20). The regression coefficients dis-
played that nine or more cups of coffee a
day compared with one or less cup a day
gave 10,4 percent lower GGT for males and
16.6 percent lower for females. The strong
negative correlation, predominantly linked
to boiled coffee, suggests an important in-
fluence of the brewing method, as was ob-
served in the association between coffee
consumption and serum cholesterol (30,
31). When the amount of coffee congumed
was excluded from the regression model,
the explanatory vatue of boiled coffee more
than doubled, whereas the two other types
of coffee (filter and instant) were of reduced
imporiance and did not reach the conven-
tional level of statistical significance.

Body mass index was the single most
important determinant of GGT in bath
sexes in this study. The impact of body
mass has also been shown in other studies
(20, 32), but to our knowledge, no biotogical
mechanistn has been suggested. Its associ
ation pattern was almost similar to that for

T T TR DI SAUI DU U SRS DN
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centiles. This may paint in the direction of
a link between GGT and the lipid metabo-
lism. That there is a positive association
between coffee consumption, again mainly
boiled coffee, and serum cholesterol, to-
gether with the opposite effect of both on
GGT, may suggest a competitive mecha-
nism connecied to liver/lipid metabolism.
Special attention should be paid to explor-
ing these possible mechanisms.

The most common findings in other
studies concerning the serum GGT are the
elevated GGT in populations with hepa-
tobiliary diseases and among high con-
sumers of alcohol (8-14). This study con-
firms the importance of GGT as a strong
biological marker for frequent alcchol con-
sumption. Within the normal range of
GGT, however, its contribution as indicator
of alcohol consumption is modest. The de-
terminants of GGT within its normal
range, are many and varied, covering a field
from life-style habits to biological and pos-
sibly genetic characteristics,
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SUMMARY .

Study Objective: To explore the determinants of gamma-
glutamyltransferase over time,

Design: A populaticon cchort were followed for seven years.
Setting: Community based health survey.

Participants: Random sample cof 1171 males and 1267 females,
aged 20-54 years, examined in 1979-80 and re-examined 7 yeal
later.

Measurements and Main Results: Three different multiple
regression models of change in gamma-glutamyltransferase we:s
compared with independent variables from: 1) first examin-
ation, 2) re-examination, and 3) changes between 1 and 2. Al
three models displayved low explanatory value {2-§ percent),
but changes in determinants {(model 3) were in general superi
in predicting change in gamma-glutamylitransferase cover time.
In both sexes, change in gamma-glutamyltransferase showed a
strong positive association with changé in body mass index a
hours fasting. In males, increased frequency of inebriation
was positively, increased physical activity negatively
associated with change in gamma-glutamyltransferase. In
females, increased systolic bloced pressure, starting use of
oral contraceptives, the occurrence of menopause, and decrea
in consumption of hoiled coffee increased gamma-
glutamyltransferase.

The regression ceoefficients for the significant variables we
congiderably stronger in this study compared with those in t
cross-sectional studies.

Concliusion: In a longitudinal design changes in the



determinants are superior te determinant values at start or at
follow-up in explaining changes in gamma-glutamyltransferase
over time. Cur findings support previous assumptions, that
within the normal range, gamma-glutamyltransferase has other

and even stronger determinants than alcohol consumption.

Key words: alcohol drinking; bleod pressure; body weight;
coffee; gamma-glutamyltransferase; health survey; human;

lipids; physical activity; smoking.



INTRODUCTION.

Despite its well established clinical use as an indicator o
hepato-biliary diseases and drug- and alcohol-induced liver
damage (1,2), gamma-glutamyltrasferase (GGT) is, ia the nomr
population, influenced by many other factors. This was the
conclusion of two cross-sectional population studies from
Tromse (3,4) The most striking findings from these studies
were, besides a marked sex difference in GGT, a positive
association with body mass index, serum lipids, and blood
pressure, and a negative association with coffee intake.
Association with alcohol intake was strong and consistent or
for the highest categories of consumption. Although some of
t+hese determinants of GGT have also been observed by others
{5), associations observed in cross-sectional studies do not
allow conclusions on causal relationships.

Longitudinal or experimental studies is therefore called for
and in the present study we have tried to confirm the status
of the cross-sectional determinants in a longitudinal desigr
and to compare the predictive power of the determinants,
measured at stari, at follow up, and as changes in between.
The subsample of the Tromse population (n=2438) in which GGI

was measured twice with a seven-year interval, constitutes c

study population.



MATERIALS AND METHODS.

The basis for the present study is two population surveys in
the municipality of Tromse, Northern Norway, the second (1979-
B0) and the third (1986-87) Tromse Study. The second Tromse
Study comprised 16621 subjects, i.e 78 per cent of the tetal
eligible population aged 20-54 years, of whom GGT was nmeasured
in a random subsample of 3233 (3}).

In the third Tromse Study GGT was determined in all 21782
subjects examined, i.e 8! per cent of the total population
aged 20-62 years (4). Measuremenis of GGT in both studies were
done in 2438 subjects, which consgtitute the basis for the

present analysis.

The methods of the two surveys were identical if nothing else
is stated, and they included a guestionnaire nearly ideantical
to that used in the first Tromse Study (6) and in the cardic-
vascular studies in Norwegian counties {7). In addition a
second questionnaire on education, previous and present dis-
easesg, dietary habits including coffee and alcohel, use of
drugs, and mental and sleeping problems, were handed out at
the end of the examinations, and returned by mail.

The physical examinations comprised measurement of weight,
height, and blood pressure, and a venous nonfasting blood
sample for measurements of serum lipids and GGT. In the second
Tromse Study blood pressure was measured with a sphygmomano-
meter, in the third with a semiautomatic devige {DINAMAP R).

Total serum cholesterol was measured directly by the enzymatic



oxidase method using a commercial kit {(Boehringer Mannheim,
Germany) . High density lipoprotein cholesterol (HDL} was
assayed by the same procedure after precipitation with hepa.
and manganese chloride. Triglycerides were enzymatically
determined as glycercl {(Boehringer).

The measurements of GGT was performed at 37°C according to t
recommendations of the Scandinavian Enzymes Committee (8).
serulm samples were kept at 4°C and analyzed within 48 hours.
The coefficients of variation (CV) in the itwo studies were
and 2.8 percent, respectively, for a commercial control sen
(Precinorm, Boehringer Mannheim, Germany} during the study
period.

All laboratory assessments were performed by the Division of

Clinical Chemistry, University Teaching Hospital of Tromse.

To explain the change in GGT between the two surveys, three
different multiple regression models were analyzed separatel
for each sex using the Statistical Package for the Social

Sciences (10). The three models used the same set of indepens
dent variables measured 1. at start (1979-80), 2. at follow-
{1986-87), and 3. as changes in the same in between. In the
last model all variables were recoded to "delta®-variables

( -variables), i.e. actual individual change between the two

screenings (Tromse I1I - Tromse I1I).

The seccond Tromse Study contained no information on type of
coffee consumed. A "boiled coffee* variable therefore were

constructed by difference in coffee consumption for those wh



drank boiled coffee in the third Tromse Study.

The following independent variables, all statistically signi-
ficant in one or both sexes in either of the two cross-sec-
tional studies, were introduced in the initial analyses: tee-
totaller, freguency of beer, wine or liguor consumption,
frequency of inebriation, coffee consumption, hoiled coffee
consumption, bread consumption, number of cigarettes a day,
physical activity at work and at leisure, rheumatoid arthr-
itis, use of analgetics, body mass index, total and HDL-
cholestercl, triglycerides, systolic blood pressure and time
since last meal. For women menopause and use of p-pills were
also included.

The "change" model was further elaborated using backwards
elimination with a 5 percent level of statistical significance
as criterion for stayving in the eguation. The following in-
dependent -variables remained in the final regression model
in either sex: systolic blood pressure (muig), body mass index
(g/cmz), time since last meal {in hours), physical activity at
work (graded as i, mostly sedentary; 2, a lot of walking; 3, a
lot of walking and lifting; 4, heavy manual labour), frequency
of inebriation, i.e. alcohol intake on one occasion correspon-
ding to the amount in one bottle of wine (graded as 1, not
last year; 2, a few times last year; 3, ! Lo 2 times a month;
4, three or more times a week), cups of boiled coffee per day
(graded as 1, less than 1; 2, 1-4; 3, 5-8; 4, nine or more),

and, for females, also use of oral contraceptives (no/yes) and

mencpause (no/yes).



To compensate for the difference in measurement of blood
pressure (sphygmomanometer versus DINAMAP-R), adjustments o
the "DINAMAP-pressure" were done according to standard proc
dures (9). When introduced in the regressicn wmedel, this
adjustment did not alter the regression coefficients or the
values, and was therefore removed and replaced by the un-
adjusted values.

The difference between logarithmically transformed GGT-valud
was also attempted as dependent variable, but subsequently
replaced by -~GGT as the effect of the transformation was

negligible.

RESULTS

Table 1 gives the mean GGT with standard deviation for the
different age-group-cohorts in the second and the third Tron
Study. The average increase in GGT was 4.24 U/l and 2.69 U/
for males and females, respectively. In percent the increasec
was 22.6 for males, and 23.1 for females. For the total
population the increase was 22.9 percent.

The correlation ceefficients between individual measurements
varied in males between 0.55 and 0.73, in females the correl

tions were somewhat lower.

The results of the initial three regression models are giver
in table 2 (males) and table 3 (females). The numbers (n)
differ in the models, indicating "missing values" for some c

the variables, especially in the "start" model. The amount ¢



explained variance were small for all six equations, and model
1 ("start model") in males were non-significant.
Overall the "change" model were superior in both sexes, but

with some consistency with the "follow up” model.

In males, in hoth the significant medels, change in GGT dis-
played positive associations with HDL cholesterol and fre-
quency of inebriation. In the "change” model, change in body
mass index was by far the strongest predictor for change in
GGT.

in females, all three models reached statistically signi-
ficance in the initial analysis. In the “change” model,

change in body mass index, systolic blood pressure, time since
last meal, and use of p-pills were positively associated with
change in GGT, whereas change in boiled coffee consumption

displayed a negative association.

The final regression analysig (table 4 and table 5) includes
only those variables which reached statistically significant
in either sex after bhackwards elimination in the "change”
model. The numbers (n) increased with about 100 in each sex,
reflecting missing values in some-of the excluded variables.
In both sexes, change in body mass index and time since last
meal were positively associated with change in GGT. A regres-
gion coefficient of 21.59 for body mass index in males, indi-
cate that an increase in body mass index with 0.30% (i.e a man
of 180 cm height increasing his weight from 80 to 90 kg} rise

the GGT-value with 6.7 U/1, whereas a regression coefficient



of 6.33 in females indicate an increase in GGT with 2.5 U/l
a woman of 160 cm height gains weight from 5% to 65 kg.

In males, increasing the frequency of inebriation increased
the GGT level, whereas decrease in physical activity at wor)
was associated with an increase in GGYT. In females an increq
sing systolic blood pressure, decrease in boiled coffee in-
take, starting use of p-pills and the occurrence of menopau
increased GGT. An increase in blood pressure of 10 mmHg in-
creased the GGT-level with 0.6 U/l in both sexes, whereas

starting use of p-pills increased the GGT-level with 5 U/L.

DISCUSSION.

The present study supports the main findings from the previc
cross-sectional studies from Tromse. Change over time in the
strongest cross-sectional determinants of GGT, 1.e time sinc
last meal, body mass index, freguency of inebriation, blood

pressure, physical activity, boiled coffee censumpiion, occu
rence of menopause and starting use of p-pills, results in a
correspondingly marked change in GGT. The associations measu
ed by the size of the regression coefficient were, however,

stronger in the longitudinal "change" model. This is hardly

unexpected since an analysis of change over time within sub-
jects, reduce possible confounding and removes inter-persona

variance from uncontrolled genetic and physiological sources

It may on this background be unexpected that the proportion

variance explained in the "change" model, reflected by the



relatively small Rz, was small and only half that from the
cross-secticnal analysis (3,4). This is cven more so as GGT
displayed a considerable intra-individual stability or strong
"tracking" pattern. The probable explanation is that in the
present study the variance caused hy random errors in measure-
ment both of the dependent and independent variables increases

relatively *to the variance caused by true changes over time.

The comparison of the three models with three different sets
of independent variables, clearly favour the change model.
This is not intuitively obvious so for all potential predic-
tors of change in GGT. For instance it could easily be hypo-
thesized that a high alcohol consumption at the start best
would predict subseguent increase in GGT. This was not so,

even for this variable the “change”-model was superior,
B

Still, despite certain differences, the consistency between
the two cross-sectional and the present longitudinal analyses
is noteworthy. Although the longitudinal associations dis-
played in the present analysis still does not establish proof
of causal relationships, we are reminded that strong cross-
sectional associations often reflect true or causal associa-
tions, especially when observed in populations of the present

slize.

An ingrease of approximately 10 percent in GGT in the total
population, was observed between the two surveys. The increase

was uniform with regard to age, sex, and GGT-level. This



suggests, despite identical method, a change in iaboratory
level, probably caused by replacement of autcanalyzer. This
systematic bias, affecting the dependent variable, does not

affect our analysis.

In contrast, measurements of blood pressure were done with

different methods and different devices in the two surveys.
These differences may represent a bias for persons with ex-
tremely high or low bleood pressures (9). The introduction o
an "adjusted” change in blcood pressure in the regression

model, did not noticeably influence the results.

In both sexes, change in body mass index was the single stre
gest determinant for change in GGT. The regression coeffi-
cients were more than twice as strong as in the third Tromst
Study (4). A 10 kg increase in weight {from 80 tc %0 kg} ir
male with a height of 180 c¢m, indicated an increase in GGT ¢
2.7 U/l {14.5 percent) in the cross-sectional analysis (4),
whereas the increase was 6.7 U/l {35.6 percent) in this stuc
This strong effect of body mass index on GGT, which ceonfirm
previous studies (3-5), most probably reflects a causal

relaticnship.

Several reports {(11,13-15) have suggested an association
between alcohol consunption and essential hypertension. In <
cross-sectional study (4), we demonstrated an association
between GGT and blood pressure, irrespective of alcohol in-

take. In this study, an increase in systolic blood pressure



10 mmHg corresponds to an increase of 0.6 U/l in GGT in both
sexes. The increase in GGT is not impressive, bui still stron-

ger than in both cross-sectional studies.

Increase in frequency of inebriation resulted in an increase
in GGT only in males. In females, none of the alcohol vari-
ables were significantly associated with change in GGT. When
inebriaticn was removed from the regression modei, the effect
of change in use of liguor was strengthened, but still in-
significant. The surprisingly weak effect of the alcohol
variables may reflect the imprecisicn of our alcohol guestions
introducing random measurement errors which overshadow the

true changes in alcohol consumption.

In both cross-sectional studies (3,4) coffee consumption was
negatively associated with GGT. The effect turned out, in the
third Tromse Study, to be predeminantly Llinked to consumption
of boiled coffee. A corresponding significantly negative
association between change in intake of beiled coffee and GGT
was found in females, but not in males. A change from 1 or
less cups a day to 9 cups or more, reduced GGT with 4.7 U/l
(31.2 percent) and 3.9 U/l (20.9 percent) in females and males
respectively. The association between change in intake of
boiled coffee and change in GGT was nearly twice as strong as
found in the last cross-sectional study, supporting the posi-

tion of boiled coffee as a determinant of GGT.

Fasting showed a significant influence on -GGT. Two earlier



studies have examined this association (16,17}, postulating
that "fasting and postprandial serum showed approximately tl
same activity” (1€}, and "the same activity was found before
and after a meal” (17). Our cross-sectional studies as well
this study contrast these findings. The present data show 27
and 18.7 percent higher GGT-values for those males and femal
who had their last meal eight hours before the screening,

compared to those who had their last meal less than one hourx

before the screening, i.e. an increase with increased fastin

In females starting use of oral contraceptives and occurrenc
of menopause increased the GGT values with 33.7 percent and
12.9 percent, respectively. This indicates an asscciation

between hormonal state and GGT.

In conclusicn, the present study indicate that "change” in
life-style variables and background characteristics between
start and follow-up values better predict change in & bio-
logical variable as GGT than the level of the corresponding
variables at start and alt follow up. The findings in this
study confimm ouxr earlier suggestions that the delterminants
gamma-glutanyltransferase within its normal range, are far
more than alcohcel consumption, and predominantly found in 1i:

style and biological markers.
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The Tromse Study: the positive predictive value of
gamma-—glutamyltransferase and an alcohol questionnaire

in the detection of early-stage risk drinkers
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Abstract. Nilssen 0. Farde OH iinstitute of Community Medicine, University of Tromss,
Tromsa, Norway). The Tromse Study: the positive  predictive  value of
gamma-glutamyltransferase and an akohol questionnaire in the detection of early-stage
risk drinkers. journal of {nternal Medicine 1991 229: 437-500.

Rased on the measurement of gamma-glutamyliransferase and a guestionnaire on
frequency of alcobol intake. 338 early-stage risk drinkers were identilied from more than
20000 participants in a health survey programme. Two-thirds (225) of these subjects
were questicned regarding their "true” alcohol intake at the first consuliation. Positive
predictive values were calcutated for true daily intake of 3 and 40 g alcobel d7 for men
(20 and 30 g alcoho! d°t for women) on the basis of gamma-glutamyltransferase activity
and the response to a questionnaire. The positive predictive values for a risk intake of
30gd! in men increased from 0.49 to 0.88. with increasing values for gamma-~
glutamyltransferase activity and increasing frequency of alcobol intake. The cor-
responding values for a risk intake of 40 g d°' were 0.34-0.75. In women. increasing
gamma-glulamyltransferase activity gave no increase iy positive predictive values. The
estimates for increasing frequency of alcohol intake were unreliable due to small

numbers.

Keywords - aleohol. gamma-glutamyliransferase, health survey.

Introduction

‘The methods used to identify harmful levels of alcohol
consumption are many and varied [1). and are often
combined in order to increase the level of accuracy
[1. 2]. Gamma—glutamyliransicrase (GGT) is stiil the
most commonly used marker [3-5] its effects are
well documented and it is readily available. A single
‘perfect’ marker has not yet been found. aithough
several new and promising markers have recently
been reported in the literature [6, 7). On the other
hand. it is crucial to discuss the desired properties of
a potential tool for identification. Should it reflect the
exact intake of alcohel per day. or should it detect
early somatic, psychological or even social damage’?
For instance. assuming that liver damage mirrors the
degree of alcohol addiction, should such a marker
measure possible liver damage? As identification is
usually followed by intervention in arder to reduce
alcobol intake, should an ideal marker also constitute
an instrument for intervention ?

In the third Tromse Study, conducted in 1986~
1987. an alcohol risk population. identified on the
basis of GGT and a questionnaire on frequency of
alcohol consumption, was identified from a group of
more than 20000 participants. These methods of
identification were selected because we believed that
those individuals who responded to the guestionnaire
would probably alse partictpate in an intervention
trial. Furthermore, we considered that GGT would
constitute an effective means of monitoring the
intervention. Based on a subsample of 225 subjects
{191 men and 34 women}. this paper describes and
discusses the accuracy of a combined GGT and
questionnaire response in terms of positive predictive
value (PPV). teking an extensive interview on “true’
alcohol intake to be the gold standard.

Subjects and methods

The total population of men aged 20-62 years and
women aged 20-56 years in the municipality of

457
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or more times per week).
PV = predictive value.

Tromse were invited to participate in the third
Tromso Study. In addition. 2 sample of men aged
12-19 years and women aged 12-19 and 37-62
years were inviled to participate. The total number of
subjects examined was 21647, i.e. 81.3% of those
invited. The measurement of GGT was performed at
37 °C according to the recommendations of the
Scandinavian Enzymes Committee [8}. The serum
samples were stoved at 4 °C and analysed within
48 h. The coefiicient of variation was 2.8% lor a
commercial controt serum (Precinorm. Boehringer}
during the study period. A questionnaire consisting
ol the following live questions on frequency of alcohol
intake was answered by the participanis: {a) are you
a teetotaller {no/yesi: (b, ¢. d) intake of beer. wine.
liquor, graded 1--5 (never or only a few times a year,
1-2 times per month, once a week. 2-3 times a
week, approximately daily); (¢} [requency of in-
ebriation. Le. alcohol intake on one occasion cor-
responding to the amount contained in one bottle of
wine. graded 14 (not last year. a few times last year,
1--2 times per month. 3 or more times a week).

On the basis of the measured GGT and the
responses to the alcohol questionnaire. a population
of 338 early-stage risk drinkers was identified and
intervention initiated. Inciusion criteria were a GGT
value in the range 50-200 U1 (43-200 U "' for
women}, and at least a weekly intake of alcohol. The
medical records for all subjects were checked, and
diagnosed alcoholics (n=43) and psychiatric
patients were excluded. Subjects with GGT values of

> 200U (n = 32} were also excluded. The ider
ified population was randomized into two inie
vention groups and cne control group. The true dai
intake of alcohel was determined by a structur
interview, cenducted by one of the authors (O.N
following a standardized WHO questionnaire [9]. F
methodological reasons only two groups (22
subjects) were interviewed about their tue dai
intake prior to intervention. These individuals co:
stitute the analysed population. Detailed descriptio!
of the screening methods {10 and the procedure I
selection of the intervention population [11] a
given elsewhere. Using a GGT scale ranging from 3
{15 for women) to 8G U 1'% together with increasir
questionnaire-reported frequency of alcohol intal
or inebriation. PPV was estimated for different " trus
consumption levels.

Results

Tables 1 and 2 show PPV data for male subject
Using values of 30 g or more {Fable 1) and 40 g «
more {Table 2} as cut-off points for ‘true’ cor
sumption. PPVs are given for various combination
ol GGT values and questionnaire responses. A PPV .
(.49 indicates that 49% of the population with

GGT walue of 2= 50 U™} have an alcohol intake ¢
2z 30 g perday. Table ] indicates that there isa tren
towards increasing PPV with increasing GGT in th
first and second blocks. With increasing alcoh
intake reported in the questionnaire {blocks 3 and
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this trend disappears. However. PPV increased with
increasing questionnaire-reported intake in ail
biocks. When the ‘true’ intake was increased 1o 2
40 g per day (Table 21. a general reduction in PPV
was observed. There is litte difference for GGT values
of 50. 55 and 60. At higher values there is a clear
increase in the PPV trend, with a gradient almost
twolold steeper than that for 2 daily intake of 30 g
alcohol. As shown for a datly intake of 30 g alcohol,
a consistent trend towards higher PPVs was found
with increasing questicnnaire-reported [requency of
alcohol intake.

In female subjects. PPV's were estimated for true
daily alcohol consumption of 2 208 and = 30 g,
according to differens levels of GGT {dala now
shownt The PPVs ranged from 0.28-0.39. with no
consistent diffierence in trend between intake of 20
and 30 g. or for increasing GGT levels.

Discussion

The tack of data on daily volume of alcohol intake in
subiects with normai GGT values is a drawback of
the present study. As a result. this investigation
could not provide estimates of the sensitivity and
specificity of GGT as a screening instrument. How-
ever. this is compensated lor by a population-based
sample with estimates of predictive power. which
oftent represents the crucial parameter in preventive
programmes,

Our study has confirmed the validity of GGT. ir
cambination with reports on the frequency of aicoho
intake. as a basis for identification of male risi
alcohol drinkers. More surprising was its lack o
discriminatory power in woimnen.

In other similar studies {3, 12-14} on indicators o
alcohol drinking. the basis for identification ha
varied. including sell-reports or: frequency or volum
of intake. clinical findings. biclogical markers of
soctal and psychological effects. In addition, term:
such as 'risk". "high risk’, "hazardous’. "excessive’
‘problem” and "heavy’ drinking. and phrases such a
‘abuse” and ‘alcoholism’ do not always have th
same meaning. in this study we have selected as oul
‘gold standard " daily intake of alcohol measured by
a standardized and well-documented interview [9}
The cut-off points. 20 and 30 ¢ daily for women, anc
30 and 40 g daily for men. appear to reflect the fimit
far more detectable effects of alcohol drinking {9}
The combination of GCT and questionnaire response:
in men gives cstimates of positive predictive value:
for risk consumptions increasing from 0.34-0.8!
with increasing GGT level and frequency o
questionnaire-reported intake. Even the lower o
these estimates which, in the light of the relativels
low prevalence of risk drinking in the Tromse popu
lation. must be regarded as a minimum value
compares favourably with other screening tests
However. i might be argued that the risk o
stigmatization in alcohol intervention is high. anc



the stringency of identification toocls should be
correspondingly higher. Even so. as was shown in a
previous paper {11]. our experience from the Tromse
Study indicates that it is possible to handle the false
positive group in a way that results in minimal
damage. The alternative. which is to increase the
stringency of the positive criterion, would reduce the
sensitivity. But this would also imply a reduction of
the true-positive group which, together with some of
the “false positive ', would benefit from intervention
[11].

[n women no increase in positive predictive value
could be observed with increasing GG levels, The
relatively low number of female subjects calls for
caution, but it is still tempting to suggest. in line with
the findings of our carlier study [10]. that the
sexes differ with regard to both GGT level and GGT
respense to alcohol intake.

The questionnaire appears to have an equally
strong predictive power, and more predictive value
appears to be gained by increasing the questionnaire
criteria than by increasing the GGT level. Caution
should be exercised, however. when drawing any
conclusion on the performance of these two markers
used independently. First, the strong positive cor-
relation between the self-administered questionnaire
and the structured interview may reflect a common
recall-bias. Secondly. by omitting the GGT level as a
tool of identification. an important part of the risk
population might be lost, i.e. those individuals who
exhibit & GGT increase on alcohol intake, or who
under-report their intake. In addition, an important
motivation 'factor’ in intervention is aiso lost {15].
We are aware of the ongoing search for single
biochemical markers with improved diagnostic ac-
curacy {6, 7], However, until such markers are
available for population studies. identification of
alcohol abuse must be based on ¢cembinations of the
existing diagnostic tools. For population studies such
as the present one, where our aim was to identify
subjects with a risk intake of alcohol, and te intervene
in order to reduce their daily intake of alcohol, we
consider that the combination of GGT and a ques-
tionnaire on drinking habits constitutes an effective
alternative instrument for this task.
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Regular high consumption of alcohol in selected populations, ha
with high precision, been identified by two new alcchol markers
carbohydrate-deficient transferrin and mitochondrial aspartate
aminotransferase, To tesit this markers in an unsslected
population, gamma-glutamyltransierase {(GGT), carbohydrate-
deficient transferrin (CNT), and mitochondrial aspartate
aminotransferase (mAST) were neasured in the Norwegian populatic
310 males and 171 females, aged 18-60 years, living at Svalbard,
Using self-reported alcohol intake as gold standard, sensitivity
specificity, positive predictive value, and likelihood-ratio we:
estimated according to differeant cutoff-points for alcohol intak
and for the tests,

In contrast to earlier studies, the sensitivity was in general
low., With a specificity of 90 percent or higher, the sensitivity
did not exceed 26 percent for any of the tests. Whereas CDT show
its best discriminatory power at lower intake of alcohol, GGT
discriminated best at higher levels. Parallel and serial analysi
of CDT and GGT, indicated a conditional independence between the
tests, as well at higher as at lower levels of alcohol
consumption.

mAST was judged as not suitable in population studies.



Besides specific alcohol gquestionnaires and the use of clinical
symptoms, biological markers constitute the most used toels for
identification of alcohol drinking (1-4). Despite low sensitivity
and specificity, gamma-glutamyltransferase (GGT) has served as the
single bhest marker (5,86).

Two new markers for high alcohol consumpiion have recently been
introduced in the literature. The serum concentration of
carbohydrate-deficient transferrin (CDT) has been reported to be
associated with high regular intake of alcohol, and presented as a
marker with high sensitivity and specificity for high alcohol
consumption (7-14). Correspondingly, the serum activity of
mitochondrial isoenzyme of aspartate aminotransferase (mAST), has
been detected at higher levels than expected in alcoholics,
compared to the total AST activity, and the mAST : AST ratio has
been proposed as a parameter to distinguish alcoholic hepatitis
from other liver diseases (15). Moreover, mAST has been proposed
as a sensitive marker of alcoholism (14,16-20}. As the studies
mostly are based on regulaxr high alcohcl consumers and alcoholics,
we know little about how suitable these tests may be in population
studies. Although one recent report has concluded that mAST is not
useful as a marker for excessive alcohol consumption in unselected
populations (21}, the need for further studies is obvious.

The Svalbard Study (1988-89) gave us the opportunity to explore
the sensitivity and the specificity of GGT, CDT and mAST, compared

to questionnaire responses on total alcohol intake last week as

gold standard.



0Of the total Norwegian povulation (barsly 1100 individuals) 1ivi
at Svalbard, 818 persons aged 18 years or more, were invited to
nealth screening launched in Ocrober 1988. Of these, 612 persons
met, i.e. 74.8 percent of the invited population.

The examination comprised administration of a questionnaire
identical to that used in the cardiovascular studies in Norwegia
counties {22); collection of nonfasting blood samples for
measurements of serum lipids, glucose level and alcecohol markers;
weight, height and blood pressure measurements. Yo addition all
participants were given a second guestionnaire on dietary habits
alcohel and coffee consumption, use of drugs and previous and
present diseases. Altogether 515 perscns returned the
gquestionnaires, i.e 84.1 percent of those who attended the

screening., Of these, 481 persons answered the alcohol questions.

Enzyme activities of AST and GGT were measured at 37°C in Hitachi
737 Automatic Analyzer using commercial kits (Boehringer Manheim
Germany), in accordance with the recommendations of the
Scandinavian Enzymes Committee {23,24)., The measurements were
performed by the Division of Clinical Chemistry, University
Teaching Hospital of Tromse.

For GGT, the serum samples were kept at 4°C and analyzed within 4
hours. The samples were subseguently frozen at

-70°C, and thawed once or twice during Fehruary/March 1921 for

analysis of mAST and CDT.



of the cytoplasmic AST (cAST) as described by Rej (20). The same
batch of antibodies was used throughout the study. After
centrifugation of precipitated cAST, the residual mAST activity
was determined with the same procedure as described ahove (20).
CDT was determined using commercial kits (Pharmacia, Uppsala,
Sweden, newest version), in accordance with the manufacturer's
instructions. The kit included minicolumns for separation of CDT
from other transferrin isoforms, and the amount of eluted CDT were
gquantitated using a radicimmunological determination of
transferrin. Values are given as U/Ll. Counting of radicactivity
was performed with a LKB Wallac 1260 Multigamma 11 (Uppsala,
Sweden). The analysis was performed in duple, and the difference
between parallels was less than 10 percent when values were less
than 18 U/Ll, and less than 7 percent with higher values.

A sample of normal serum and the commercial kit control were used
for the estimation of CDT precision., For both, a coefficient of
variation {CV} less than ¢ percent were found {mean value 14 and
16 U/l, respectively).

The {V for GGT and AST were less than 3.0 and 1.5 percent,
respectively, using commercial lyophilized control sera. The
precision of mAST was determined with a pooled normal serum and a
control with purified mAST. The CV for day-to-day variation of the
pormal serum was 28 percent (mean 3 U/1l), and for the control %

percent (mean 44 U/l).

The response on the following guestion on alcohol intake was used

as our gold standard:



gquestionnaire as a bottle of beer, a glass of wine and a drink
liguor) did you drink last week before the screcening?

Using the 90 and the 95 percentile of weekly alcchol intake as
limit for high alcohol consumption, and the 80 percentile as 1ii
for a "risk" intake, sensitivity, specificity, positive predict:
value (PPV) and likelihood-ratio {(LR) were calculated for
different cutoff-points (50, 60, 70, 80, 90 and 95 percentiles !
the tests) for GGT, CDT and mAST. The 95 percent confidence

intervals for the LR's were test based (2Z5).

RESULTS

Mean self-reported intake of alcohol was 14.6 g/day for the tote
population, with 18.6 g/day and 7.2 g/day for males and females,
respectively. The eguivalents in litres of pure alcohel/year wer
6.7, 8.6 and 3.3, which are approximately 30 percent higher thar
the average consumption on the Norwegian mainland. Self-reportec
consumption on the other hand, only accounted for 40 percent of
the total consumption according teo the local statistics for sale
(data not shown).

Tables 1, 2, and 3 give sensitivity, specificity, PPV and LR for
the three tests. PPVs for all three tests were highest with the
lowest cutoff-point for alcohol intake. At the lower levels of a
three tests, the sensitivity was reasonable, but the specificity
low. At higher levels, increase in specificity was observed but
with a simultaneous decrease in sensitivity.

In females, the LR-values were generally low for all three tests



In males, CDT displayed the best diagnostic propertiss, expressed
in terms of LR, with the lower cutoff-point in alcohol intake of
30 g/day. The test value 19, 22 and 28 U/l (table 1) achieved
corresponding point estimates for LR (with 95% CL) of 2.0 (1.3-
3.0y, 3.0 (1.8-5.4) and 4.5 (1.9-10.9). The highest LR-values for
GGT (table 2) were observed at the higher cutoff-point of 52 g/day
and with test values of 43 U/l or higher, achieving point
estimates of LR of 3.1 (1.2-8.0) and 6.1 (2.3-16.1). Irrespective
of cutoff-point for daily intake of alcohol, the highest LR for

mAST in males did not exceed 1.1 {table 3).

A parallel analysis of CDT and GGT in combination (table 4)
increased the sensitivity for all levels of the tests and for all
levels of alcohol intake, but reduced the specificity and the PPV
accordingly. The LR’s for the combined test did consequently not
achieve the size of the best of the corresponding single tests.
When the analysis were done serial (cutoffs were the 90 and 35
percentiles for both tests and the 90 percentile for alcohol
intake), none of the high consumers had both tests positive, and
neither had any of the moderate or low consumers. This indicate

conditional independence of the two tests both among drinkers and

none-drinkers.

DISCUSSION

Alcohol markers in clinical practice mainly are used for an early

detection of alcohel abuse, the verification of alcecholism, and



ability for each marker to distinguish alcoholics from abstaine
and light drinkers, are usually given in terms of sensitivity 2
specificity, calculated in selected clinical samples of known
alcoheolics and abstainers. Although sensitivity, specificity an
thereby LR principally are independent of prevalence, the "case
mix" in these samples are so different from the population in
general that an evaluation of the diagnostic properties in
unselected populations is necessary before any conclusicons can
drawn regarding the properties of these markers as screening
instrunents. For early identification of misusers, as in screen

programs, it is essential to test cut the markers in unselected

populations,

There were no difference in GGT, total serum cholesterol and
triglycerides between responders and non-responders, and the lod
health workers, who monitored the screening, reported there were
no social difference hetween responders and non-responders.

Purther, there were no age-specific differences when the marker:

were analyzed in age-groups.

The level for alcohol intake in Norway is low compared to other
European countries {26}, and does hardly exceed 5 litres of pure
alcohol per year per inhabitant 15 years or more. At Svalbard, t
statistics of sales indicate an average yearly intake of more th
16 litres of pure alccochol. The reliability of this statistic is
high, with precise registration of sales, and, due to very low

prices, no illegal sales, no smuggiing and no moonshining. Self-



paper, accounts for only 40 percent of the actual consumption,
compared with the sales-statistic. This underreporting, which is
in accordance with other Scandinavian studies (27,28), probably
represents a systematic bias in our study, and can not explain the
relatively poor performance of the markers. Even if the reporting
bias to some degree is differential, it would not, if eliminated
through a more thorough assessment of the gold standard, improve
the sensitivity of the tests, which seem to be the crucial
parameter as they at their best only identifies one third of those
who admit a high alcohol intake. The specificity, on the other

hand, may be somewhat better than observed in our study.

The limit between abusing and none-abusing alcohol ¢onsumption is
rather unclear (29), and differs from one study to another. Most
frequently, the cuteff-points are estimated as mean value of daily
intake of alcohol +2 standard deviations.

In this study we have used the percentiles of self-reported daily
consumption as our cutoffs. As the estimated prevalence of problem
drinkers in the Norwegian society represents about 10 percent of
the adult povrulation (30), we have chosen the 30 percentile {4t
and 15 g/day in males and females, respectively) aand the 95
percentile (52 and 22 g/day) as cuteff-point for “"problem
drinking”. In addition we have introduced the 80 percentile {30

and 13 g/day for males and females, respectively) as cutoff for

"risk drinking*.

Similar considerations were used to define the cutoff-points for



intervals (and thereby the upper reference limits as a possible
cutoff-point), differ from study to study. To illustrate the
importance of the test cut-off level, we have used the percenti
hetween 50 and 9% with the ceorresponding values in U/l as our
cutoff-points for all three tests, and sensitivity, specificity
PPV and LR were calgulated for all levels.

Cur study does not confirm the high sensitivity and specificity
for CDT found in other studies (7-14). Where the specificity in
males was higher than 90 percent, the sensitivity did not excee
26 percent. The highest PPV and LR in males were found with cut
30 g alcohol/day. When the cutoff-point for alcohol intake was
increased, both PPV and LR were considerably reduced. LR for CD
in females was low for all levels of intake, whereas PPV gave t
highest values for a cutoff-point at 13 g/day.

Whereas CDT showed the best discriminatory power at lower level
of intake, the results was the opposite for GGT. The highest LR
was found when the cutoff-point was 52 g/day. Only 16 males had
intake higher than 52 g/day, of which 4 had positive GGT (=60 U
but only 2 had CDT values higher than 28 U/l. This indicate tha
CDT has its best diagnostic performance at lower levels of intal
and that GGT better discriminate at higher levels of consumptio
This was in fact unexpected. Host studies on CDT (7-12) conclud
on the contrary, that CDT is superior to the convential markers,
especially for identification of regular high consumers. On the
other hand, the better discriminatory power of CDT at lower leve
of alcohol consumption, may be a great advantage in the

identificaticn of “risk drinkers". The low sensitivity may be



primary practice (31).
Schiele et al (21) concluded that "mAST is not particulary useful
as a screening test in unselected populations®. OQur study confirms
their findings (table 3). The highesf LR (LR=2.2) for mAST was
found in females, but was insignificant as the 95 percent
confidence interval was 0.7-7.0.

In two earlier paper {32,33) we have described the determinants of
GGT in a normal population. Our conclusion was that GGT, within
its normal range, have many and other determinants than alcohcl
consumption. In addition a marked, and most prebable, physiologic
sex-difference in GGT was observed. The latter finding corresponds
well with the poor diagnostic performance of GGT in women.

In conclusion none of potential markers seem usable in identifying
females with high alcohol intake. Even in males the performance of
the markers are poor. mAST seemed useless, and were consequently
not introduced in any serial or parallel analyzes.

In screening programs, CDT and GGT might be useful in identifying
males with a high probability of being high consumers of alcohol.

CDT and GGT seems conditional independent both among high and low

consumers.
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Intervention on a Population of Early-Stage Risk Drinkers <

Opp NILsSEN, M.D.

Institute of Community Medicine, Fostutiak, 9000 Tromsg, Norvay

Background. In a health survey of more than 21,000 men and women ages 12-62 years,
measurememnt of y-ghutamyltransferase (GGT) and answers on five questions on alcohol
consumption were used as a basis for selecting an intervention population of early-stage risk
drinkers. Altogether 290 men and 48 women me! the criteria for inclusion.

Methods. The 338 subjects were randomized to a control group and two intervention
groups. The minor intervention consisted of a single consuhation during which possible
reasons for the elevated GGT were discussed and a pamphlet with advice on changes in
drinking habits was handed out. ln the major intervention group the intervention was di-
rected more specifically toward alcohol, with an extensive interview on drinking habits. In
addition, the subjects in this group were offered foliow-up consultations for new measure-

ments of GGT.
Results. Al three groups were examined after 1 year with GGT determination and an

interview on change in drinking habits during the past year. At follow-up, significant de-
creases in mean GGT (26.5 Ulliter) and self-reported alcohol intake (24.7 g/day) were ob-
served in the intervention groups compared with the control group. No significant differ-
ences were, however, observed between the intervention groups.

Conclusion. The study indicates that modest and simple interventions may yield impor-
tant changes in drinking habits in early-stage risk dnnkers,  © 1991 Academic Press, Inc.

INTRODUCTION

Alcoholism and alcohol-related diseases have become threatening health haz-
ards of Western societies {1). As such, the social consequences of alcoholism such
as incest, child abuse, accidents, and violence seem to overshadow the wide
spectrum of psychiatric and physical diseases which are known to be associated
with alcohol abuse (2-4). Surveys have indicated that between 30 and 70% of
hospital patients have harmful levels of alcohol intake (5, 6). Further, for about
one-half of those surveyed, the patient’s illness is directly refated to alcohol use.
Considering the limited resources available for public health care, it seems obvi-
ous that the search for effective intervention procedures in the field of alcohol
prevention programs is essential.

Medical doctors generally lack the knowledge and appropriate tools to identify
and help patients who are potential alcohol abusers. The strategy outlined in the
hterature has as its focus the early detection of alcohol abuse (7, 8) with subse-
quent action befere the patient has developed major symptoms of alcohol depen-

! From the Institute of Community Medicine, University of Tromsg, in cooperation with the Na-

tional Health Screening Service, Oslo, Norway.
2 This study was financially supporied by the Blue Cross Center for Treatment of Alcoholics,

Hakgy, Tromsa.
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intervention be implemented, and what is the effect of such an lntervenuon

The third Troms¢ Study, a community-based, comprehensive health sur
aimed primarily at cardiovascular diseases (11, 12) but also incorporating ¢
health problems, was carried out in 1986-1987 in cooperation with the Nati
Health Screening Service. This provided us with the opportunity to identi
population of early-stage risk drinkers and to examine the effect of two typs
intervention in a controlled trial on 338 subjects. Long-term follow-up is plar
in 5 years,

MATERIALS AND METHODS

Participants in the third Tromsg Study comprised the total population of
ages 2062 and women ages 20~56 in the municipality of Tromsg (Fig. 1)
addition, a sample of males ages [2-19 years and females ages 12-19 and 5
years was invited to participate. The total number of subjects examined
21,647, t.e., 79.6% of the invited population.

The examination included a questionnaire identical to that used in the
former studies in Tromsg (1f, 12) and in the cardiovascular studies in other
wegian counties (13). A second questionnaire on education, previous and pre
disease, dietary habits, alcohol and coffee consumption, drug use, and mental
sleeping problems, handed out at the end of the examination, was to be filled
home and returned by mail. Completed questionnaires were returned by 92.5°
those who attended the screening.

The physical examination comprised collection of venous nonfasting bi
samples for measurements of serum lipids and +y-glutamyltransferase (G(
weight, heights, and blood pressure measurements, and a one-channel ECG

The measurements of GGT were performed at 37°C according to the rec
mendations of the Scandinavian Enzymes Committee (14). The serum sam
were kept at 4°C and analyzed within 48 hr. The coefficient of variation
2.8% for a commercial control serum (Precinorm, Boehringer-Mannheim) du
the study period. All laboratory assessments were performed by the Divisio
Clinical Chemistry, University Teaching Hospital of Tromsg.

Biood pressure was recorded with a semiautomatic device (DINAMAP-R)
measured three times at intervals of 2 min on the right upper arm in a sit
position. The same procedure was also used at the reexamination, but with
other investigator and at another time of day.

The questionnaire comprised five questions on alcohol habits: teetotaller
yes): beer/ wine, and liquor consumption (graded 1-5; never or a few times a 'y
one to two times per month, once a week, two to three times a week, about da
and the fuqucncy of aleohol intake on one occasion corresponding to the am
in one bottle of wine (graded 1--4; not in the last year, a few times last year,
to two times per month, three or more times a week).

‘The criteria for inclusion in the risk group were: (a) GGT from 50 (45
females) up to 200 Ufliter, and (b) self-reported beer, wine, or liguor consump



| NUMBER OF BLIGIBLE SUBJECTS TO THE
3rd TROMSE STUDY 1986-87:

AGE HMEN WOMEN  TOTAL
20-62(56) 14832 13352 28184
12-19+ 366 196 562
57-62% 101 101
TOTAL 15198 13649 28847

EXCLUSION CRITERIA AND

*Randomized subsampla
NUHBER EXCLUDED:

MOVED OR DEAD AT START
OF SCREENING: N=164%

INVITED TO THE SCREBENING
N=27198

NONAPPE ARANCE AT
~—4 SCREENING: N=5551

MET AT THE SCREENING:
N=21647 (79.6%)

NORMAY, GGT: W=20839

ELEVATED GAMHAGLUTAMYL~
TRANSFRRASE [GGT): N=808 (3.7%)

GGT » 200 U/L: N=32

GGT BETWEER 45/50 AND 200 U/L:
N=776

QUERSTIONNAIRE RESPONSE:
NON RRSPONDERS = 91
ANSWERED TOO LATE N=145
TRRETOTALERS AND
MODEST USERS =159
TOTAL N=395

BEFORE RXCLUSION QF
HMEDICAY, REASONS: N=381

EXCLUDED ACCORDING TO
MEDICAL CRITERIA: N=43

FULFILLING THE CRITERIA OF
IRCLUSION N=338
MEN:290 WOMEN: 48

]
THE RANDOMIZED GROUPS:

MAJOR INTRRY. GROUP MIKNOR INTERV. GROUP CONTROL GROUP
HEN:9%9 WOMEN:14 MEN:102 WOMBN:11 MEN:89 WOMEN:23
TOTAL N:313 TOTAL N:113 TOTAL N:112

F16. 1. Selection of participants in the risk group: The Tromsg Study 1987-1988,

at least two to three times a week or an alcohol intake on one occasion cotre-
sponding to one bottle of wine at least one to two times per month (the two upper

categories).
The medical records of all subjects were checked at the University Hospital in
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diseases, or major psychiatric disorders, and subjects on antiepileptic medicat

To search for contrasts between the background and the alcohol-nisk pop
tion, a standard multiple regression analysis was performed separately for
sex with inclusion in the risk group as dependent variable (yes/no) and a nun
of background characteristics as independent variables. Significant contrasts
presented in a comparison of group means after adjustment by analyses of
variance (multiple classification analyses) (15).

Figure | shows the selection of participants in the study. Of the population s
attended the screening, 808 (3.7%) had GGT values exceeding the inclusion le
Criteria for inclusion were fulfiled by 338 subjects {1.6%), 290 men and
women. The risk population was randomized into three groups, a control gr
which remained uninformed and untouched until follow-up, and two interven

groups.

The Fntervention Procedure

At the start of the intervention the two intervention groups (designated
minor and the major intervention group) were sent a letter, which referred to
elevated blood test,”” and were invited for a reexamination. Of the 226 invited,
(99%) responded.

In the minor intervention group the participants were informed of the m
common reasons for an elevated GGT value (illness, drugs, exposure to che
cals, and use of alcohol), and asked to consider possible reasons for their
etevated GGT. A blood sample was drawn for a new GGT analysis, and a fol
containing some advice on GGT and alcohol consumption was handed out at
end of the consultation. In a follow-up letter, the subjects in this group w
informed of the results of their most recent GGT analysis and an invitationto h
a new GGT test within | vear was suggested.

In the major intervention group the intervention was directed more specific
toward alcohol consumption. After exclusion of other possible reasons, alcc
consumption was introduced as the reason for elevated GGT level. The par
pants were then asked about their drinking habits, and alcohol consumption
day) was registered according to the standardized WHO questionnaire (16). At
GGT test was taken, and monthly consultations with new GGT tests were offe
(until normalization of GGT level). Advice on different ways of reducing alce
intake was given, and a folder on alcohol consumption and GGT was handed ¢
Of the 105 participants in this group, 26 persons met only once for a GGT test
met twice, and 25 persons met three times or more. This means that the |
former groups were left unintervened for the remaining period until follow-y;

One year after the first reexamination, both intervention groups and the con
group (approximately 1% years after the screening) were invited to a follow-
The letters of invitation were mailed so that they would be received 1 to 2 d
ahead of the scheduled date for follow-up. Altogether 320 subjects (95%j) n
Biood pressure and GGT levels were measured, and all participants were in
viewed about their present alcohol habits, including daily consumption (g/d:
OChanoec in aleahol intake dunne the nast vear and correspondine reasons for g
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GGT, heart rate, alcohol consumption, and blood pressure levels between groups
and within groups during the intervention.

RESULTS

Table | shows the adjusted sex-specific difference in characteristics at the
screening between the alcohol-risk group and the background population. The risk
group, which had somewhat higher education, displayed higher blood pressure,
heart rate, total cholesterol, and high-density lipoprotein cholesterol levels, and
was more obese. Subjects in the risk population-also reported more smoking,
more sleeplessness, and using more hypnotics and antthypertensives. There was
no significant difference in the rate of sickness, unemployment, or disability al-
lowance between the groups {(data not given). The same contrasts appeared in
both sexes, and as they also showed a homogenous response to intervention, the
sexes were pooled in the following analysis.

Figure 2 displays the mean change in GGT from baseline values at screening, at
the start of intervention, and at follow-up. Table 2 shows the corresponding means
with standard deviations for GGT along with blood pressure, heart rate, and daily
consumpiion of alcohol in the different groups.

At screening, the mean GGT was significantly (£ = 0.028) lower in the major
invention group than in the two other groups. This difference was reduced and no

TABLE 1
SEX-SPECIFIC COMPARISON OF DIFFERENT CHARACTERISTICS AT SCREENING IN THE
ALCOHOL-RISK GROUP AND THE BACKGROUND PopuLaTiON: TROMSO 1987--1988

Men Women
Risk Background Risk Background
group population LOUD population Adjusted
(n = 288)  (n = B82O) (m o= 48)  (n = 9041) for

Age (years} 41.6 38.7 43.7 6.5
Body mass index (g/lem®) 2.69 2.45 2.46 2.31 Age, smoking
Education (years) i2.44 11.43 £2.29 11.25 Age
Coffee consumption

(cups) 2.50 265 201 2.45 Age
Systolic blood pressure

{mm Hg} 138.48 134.94 13373 125.05 Age, BMI
Heart rate (frequency/min) 74.55 70.43 84.07 Ta.15 Age. BMI
Total cholesterot

(rmmolfliter) 6.15 582 6.0¢ 5.59 Age, BMI
HDL-cholesterol

{mmolAiter} {.47 1.36 1.72 .64 Age, BMI
Triglycendes (mmolditer) i.89 1.59 1.6 1.13 Age, BMI
Smoking (%) 54.1 458 58.2 450 Age, education
Antihypertensive (5) 4.94 2.7 13.13 1.9 Age
Hypnolica (%) 6.40 1.96 8.82 3.38 Age
Sleeplessness (5) 40.78 27.72 55,98 40.49 Age

Note BMI hody mass index: HDI. hich-density nonrotein.
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Fi1G. 2. Mean change in GGT from baseline values 1o intervention and follow-up: The Tromsa ¢
19871988,

longer significant at the start of the intervention. At follow-up, a strong signifis
difference (P < 0.001) in mean GGT levels was found between the control gr
and the two intervention groups. In the control group, the mean GGT was -
and 47.3% higher than that in the minor and major intervention groups, res
tivety. There was no significant difference between the two intervention group
= ().544), even though the major intervention group displayed a lower mean v;
than the minor intervention group.

The within-group analyses showed a nonsignificant increase in mean GG
7.1 Ufliter for the contro! group from screening to follow-up. Both interven
groups showed a decrease in mean GGT during the same period, significant {i
the baseline values (P <2 0.001) as well as from start of the intervention (£ = 0.
and P < 0.001 for the minor and the major intervention groups, respectively

Only subjects in the major intervention group were asked about their d

TABLE 2
MeaN GGT. BLoon Pressure (BP), Heart Rate (HR), anD DaiLy ALconol CoNSUMPTIC
(DAC) Wit STaANDARD DEVIATION (8D AT SCREENING, AT START OF INTERVENTION,
AND AT FoLLow-Up: TROMSe 19871988

Al screening Al intervention At follow-up

Groups: Control  Minor  Major  Control Minor  Major  Control Minor )

N: (1) (3 iy — Ny 1108} nen
GGT (UMliter) 9.2 78.4 70.1 — 69.6 64.3 86.5 61.1
SD 31.5 30.0 2.1 s 381 30.4 35 30.7

BP {mm HG) 1317.6 139.0 137.9 —— — - 145.9 143.2 |
SD 17.3 6.1 18.7 e — e 17.5 17.7
HR (frequency/min) T8.7 1.6 78.6 s — — 8.2 77.1
SD 13.7 16.4 14.9 —— -— — 13.8 14.6
DAC (g/day} o — — - - 32.6 39.2 15.6
SD - — — o —- 4.0 159 16.3
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alcohol consumption in the control group was more than doubie that in the two
intervention groups. This difference was highly significant (£ < 0.001). The sub-
jects in the major intervention group reported a nonsignificantly lower daily intake
of alcohol than the minor intervention group. Assuming the same (as the major
intervention group) level of alcohol intake afier randomization, there was a highly
significant decrease in intake in both intervention groups at follow-up (P < 0.001),
The increase in alcohol intake in the control group for the same period was
marked but not significant.

The values for blood pressure and heart rate at follow-up were higher than the
screening values, in all three groups. The increase was, however, highest in the
control group.

Table 3 shows the mean difference in GGT between screening and follow- up
according to seif-reported change in alcohol intake. Irrespective of reported
change in alcohol intake, the control group displayed an increase in GGT, with the
highest increase among those who reported lower intake. Both intervention
groups showed a significant decrease m GGT, in accordance with reported

changes.
DISCUSSION

The results from the present population-based, controlled intervention study
indicate that modest and simple intervention may yield important changes in
drinking habits in early-stage risk drinkers.

Comparable intervention studies (17, 18) have recruited their participants
mainly through clinical practice and thereby embraced a population characterized
by more developed and serious alcohol-related problems or even manifest alco-
holism. In our study, subjects with known alcoholism and markedly elevated GGT
values were excluded.

The study therefore was designed to comprise a sampie of “‘early-stage problem
drinkers,”” who over time might be at high risk for developing more manifest
symptoms of alcoholism. Although certain contrasts in background characteris-
tics were observed, most of them were well known and expected (19). Our study

TABLE 3
Mean CHanGE (¥} inv GGT (W/LITER) wiTi STANDARD DEVIATION (S} 0F DIFFERENCE FROM
SCREENING TO FOLLOW-UP ACCORDING TO SELF-REFPORTED CHANGE IN ALCOHOL INTAKE:
]ROMS() ]987 1988

(_hdnecs in rcpmtcd dlcohol mld]((. !dsl ycar

Imrcdsed Umhangud D«':chascd Total

SO . ¥ SO a r SD a ¥ SD

3.2 420 8 6.7 347 15 12,5 917 108 1.1 46.8

Control group 12
Minor intervention
group I - - 17 =67 212 89 187 343 107 -16.8 32.7

Major intervention
group 0 — —_— 16 =50 202 8% -131 293 105 ~11.8 28.1



population was socially el mtograled aina nad ine Same ciiployYnent rate;
saane rate of receiving sickness, unemployment, and disability allowance,; anc
even higher education level than the background pepulation,

Compared with an estimated prevalence of Uproblem drinkers™ in the Nor
gian society of auout 109 (), our population may seem highly selective. Mos
ihis selection. in our opinion, stems from a low sensitivity of GOT as a screer
test (21, 22). There is on the other hand no reason to belicve that ““probi
drinkers’’ with normal GGT differ from those with elevated values. The select
from nonattendance (23, 24), questionnaire nonresponse, and underreporting
alcohol intake, however, may to some extent have given us a population es
cially susceptible to intervention. Still, we believe that this population is fa
representative for an undetected *“alcohol-risk population.™

The major intervention group showed a lower mean GGT, technically sigr
cant, after the screening. This difference leveled off at the start of the intervent
and may be considered random. The decrease in GGT from this point to follow
is almost identical for the two intervention groups. In the control group there v
a nonsignificant increase in mean GGT at follow-up. This group remained un
formed and, in contrast to the Malmé Study group (18, 25), also untouched u
follow-up. Our assumption is that the change in GGT in this group, with a m
erate increase which overcompensated the expected regression toward the me
is fairly representative for an untouched risk population. The increased stand:
deviation in this group at follow-up also displays the marked rise in GGT in so
individuals, indicating loss of control of drinking habits.

In an open study such as the present one, one always runs the risk of elicit
an “‘eager to please’ bias, with changes in drinking habits immediately bef
follow-up and an underreporting of alcohol consumption at follow-up as an eff
of the intervention. To minimize this, all participants received the invitation o
1-2 days prior to follow-up. Self-reported alcohol consumption (Table 2} is g
erally underreported. Scandinavian studies (26-28) on this topic conclude tl
self-reporting reveals only about 30% of the total intake. On the other har
self-reported alcohol consumption is useful in separating consumption groups a
in studying time trends in consumption. Despiie the lack cf accuracy in se
reporied volume, we believe that the differences between the intervention grou
and the control group mainly reflect the effect of the intervention. This s st
ported by the results of the GGT analysis.

Only one of the participants in the intervention groups reported an increase
alcohol intake; 83% reported a decrease. In the control group, about 75% of t
subjects reported unchanged intake of alcohol, whereas 11% reported an increa
The participanis were asked about the motivation for their changes. In the int
vention groups, 98% of the subjects linked it directly to the intervention. The f
other reasons given were overweight, economic problems, or social changes.

Several recent reports (29-31) have indicated a relation between high alcot
consumption and elevated blood pressure. They conclude that i subjects w
high blood pressure and high alcohol intake, a reduction in blood pressure is se
after a corresponding decrease in alcohol mtake This study does not confirm su
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examination (screening at daytime, follow-up at afternoon/evening), and changes
in staff performing the measurements.

On the other hand, the identified risk population showed at screening signifi-
cantly higher blood pressure and heart rate than the background population. Fur-
ther, a trend toward lower values for blood pressure and heart rate was found in
the two intervention groups compared with the control group, at follow-up. This
may indicate an effect of alcohol intake on these variables.

One of the more surprising experiences from this study was the high response
to the invitation to participate and the high rate of compliance. The dropouts were
few, only 1% at the start and 5% at follow-up. It was feared that many participants
would drop out due to the touchy topic and *'misclassification’” of subjects as risk
drinkers. On the contrary, the response was generally very positive and many of
the participants requested further controls after the end of the study. This may
also indicate that the combination of GGT values and questions about alcchol
provides an acceptable specificity. Further, to tnittate change in drinking habits
for persons below the level of risk consumption is hardly harmful, although mark-
ers of greater accuracy are required.

in the Malmé Study (18, 25) GGT values from a population study were used as
a basis for intervention. The investigators concluded that GGT provided a useful
tool both in identification and in motivating and monitoring treatment of heavy
drinkers. Our study has many similarities to the Malmé Study, but our population
includes both sexes, is younger with a broader age span, and excludes known
alcoholics and subjects with GGT values above 200 Ulliter. The GGT level of the
intervention population in Malmé was considerable higher,

CONCLUSION

This study establishes that GGT is a powerful motivating factor for changes in
drinking habits among early-stage risk drinkers. There are arguments against the
use of a biological marker as motivation for lifestyle changes. Side effects such as
“medicalization, 'needless fear, and excessive test preoccupation are probably
more frequent than usually reported from such programs. On the other hand,
there are obvious advantages connected with such use in a field where denial and
lack of objective measurement of ‘‘exposure’ are recurting problems.

Compared to the Malmé Study, where a separate outpatient clinic was set up
for a long-term intervention, both of our intervention procedures seem very cost-
effective. The minor intervention in our study, with a single consultation leaving
the responsibility to the individuals themselves, proved as effective as the more
tinte-consuming, and potentially more stigmatizing, major intervention. We,
therefore, consider this approach a feasible alternative in preventive alcohol pro-
grams both in primary practice and in industrial health care.
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