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Abstract

Drug policy makers continuously face a changing pattern of
drug use, i.e. new drugs appear on the market, the popular-
ity of certain drugs changes or drugs are used in another way
oranother combination. For legislative purposes, drugs have
mostly been classified according to their addictive potency.
Such classifications, however, lack a scientific basis. The pres-
ent study describes the results of a risk assessment study
where 19 recreational drugs (17 illicit drugs plus alcohol and
tobacco) used in the Netherlands have been ranked by a
Dutch expert panel according to their harm based on the
scientific state of the art. The study applies a similar ap-
proach as recently applied by Nutt et al. [Lancet 2007;369:
1047-1053], so that the results of both studies could be com-
pared. The harm indicators scored are acute and chronic tox-
icity, addictive potency and social harm. The aim of this
study is to evaluate whether the legal classification of drugs
in the Netherlands corresponds with the ranking of the

drugs according to their science-based ranking of harm.
Based on the results, recommendations are formulated
about the legal classification of recreational drugs at nation-
al and international level which serves a rational approach

for drug control. Copyright © 2010 S. Karger AG, Basel

Introduction

Despite the fact that illicit drugs are known to retain
adverse health effects on the user and to put a large bur-
den on society, it is unrealistic to expect that recreational
drug use will ever cease completely. Drug policy makers
are facing a continuously changing pattern of drug use,
i.e. new drugs appear on the market, the popularity of
certain drugs changes or drugs are used in another way
or another combination.

The aim of public health authorities and organizations
is to limit the adverse health and social effects of drug use.
Obviously, the policy measures to be taken should focus
on the drugs that are most harmful for either the user or
the society, or both. In the past, drugs have, therefore,
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been legally classified according to their adverse health
effects, notably their addictive potency. For example in
the Netherlands, drugs have been classified into two
groups, whereas in the UK drug legislation distinguishes
three different groups of drugs with increasing harm.
The major drawback of such classifications is that they
lack a scientific basis. Recently, this became apparent in
the study of Nutt et al. [1], which demonstrated for a va-
riety of recreational drugs a poor relation between the
legal classification and the science-based ranking of their
harm.

The present study describes the ranking of 19 recre-
ational drugs (17 illicit drugs plus alcohol and tobacco)
used by the Dutch population according to their harm
based on the scientific state of the art. The aim of this
study is to evaluate whether the legal classification of
drugs in the Netherlands corresponds with the ranking
of the drugs according to their science-based ranking of
harm. The study applies a very similar approach as Nutt
et al. [1] so that the results of both studies can be com-
pared. The harm indicators that were scored are acute
and chronic toxicity, addictive potency and social harm.
Based on the results, recommendations will be formu-
lated about the legal classification of recreational drugs at
national and international level which serves a rational
approach for drug control.

Methods

The paper describes the assessment and ranking of the harm-
ful effects of 19 recreational drugs, i.e. 17 illicit drugs plus alcohol
and tobacco. The 17 illicit drugs were (in alphabetical order): am-
phetamine, anabolic steroids, benzodiazepines, buprenorphine,
cannabis, cocaine, crack cocaine, ecstasy, GHB, heroin, ketamine,
khat, LSD, magic mushrooms, methamphetamine, methadone,
and methylphenidate. Based on the available data in theliterature,
fact sheets were written which described the state of the art on the
following issues: acute and chronic toxicity, addictive potency, so-
cial harm, and the prevalence of use. Fact sheets included the pub-
licly available data about criminal involvement, healthcare costs,
global morbidity and mortality, and drug-related disease burden.
Considering the size of the fact sheets (500-1,700 words), they
cannot be part of this paper, but are available on request.

Nineteen Dutch experts with a variety in expertise were in-
vited to assess the harmful effects of the 19 drugs. Experts that
were involved in the preparation of the fact sheets could not par-
ticipate as a member in the expert panel. The expert panel con-
sisted of 7 basic scientists (5 toxicologists, 1 pharmacist and 1
pharmacologist), 8 clinicians (3 addiction psychiatrists, 4 addic-
tion physicians, and 1 doping expert) and 4 experts from the so-
cial domain (2 policemen, 1 epidemiologist, 1 social scientist/an-
thropologist). Based on the data described in the fact sheets and
their own scientific/professional experience, experts were asked
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to give on two occasions for all 19 drugs a score from 0.0 to 3.0
(one digit allowed) for each of the following four items: acute tox-
icity, chronic toxicity, addictive potency, and social harm. The
scores for acute and chronic toxicity were averaged and defined as
total physical harm so that three scores per drug were obtained.
In a meeting with all experts, the scores given in the first round
were reviewed and extreme values were discussed using the Del-
phi method. Following this procedure, the experts gave the sec-
ond (and final) score. During the meeting, however, the experts
noted that the score of social harm was not unequivocal, and ex-
pressed the need to give in the second (and final round) two sep-
arate scores for social harm: one social harm score at individual
level, i.e. the social harm of the drug for the individual himself or
herself, and one social harm score at the population level taking
into account the prevalence of the use of the specific drug. As a
result, four final scores were obtained for each drug: physical
harm, addictive potency, social harm at individual level, and so-
cial harm at population level. Finally, the mean harm score is de-
fined as the averaged value of the scores for physical harm, addic-
tive potency and social harm. As social harm was scored twice,
i.e. at individual and at population level, two mean harm scores
were obtained, i.e. the mean harm score at individual (user) level
and the mean harm score at population level. The experts gave
their scores with one digit so that mean values are depicted in two
digits.

The Dutch mean harm scores for the drugs were also com-
pared with those obtained in the previous study of Nutt et al. [1].
Only 16 of the 19 drugs could be compared, because Nutt et al. did
not assess the harm of magic mushrooms, crack cocaine and
methamphetamine. To appropriately compare the data, the Dutch
mean harm score at the individual level and the British mean
harm score was calculated from the British dataset after deletion
of the physical harm scores for intravenous use, because Dutch
drug users hardly use this route of administration. The strength
of the relation was quantified in the product moment correlation
coefficient.

Results

Fact Sheets

The rating group, invited to give feedback about the
content of the fact sheets to the authors, approved the fact
sheets disseminated to all experts before the Delphi meet-
ing. The only more relevant corrections communicated
during the meeting concerned the overestimated cardio-
vascular harm of the steroids in the fact sheet about ana-
bolic drugs, and the higher dependence liability of high
GHB use.

Rating Process

As aresult of the discussion of the first ratings during
the Delphi meeting, the value of the harm scores in-
creased slightly (plus 10-20%) as compared to the scores
given in the first round. For all drugs the absolute differ-
ence between the first and second mean harm scores
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Fig. 1. Mean harm score of drugs at indi-
vidual (user) level and population level.
Mean harm is defined as the averaged val- o
ue of the scores for toxicity, dependence ? @"9
and social harm (either at individual or
population level) of the drugs.

Table 1. Mean score given by 19 experts to assess the harm of 19 drugs at individual and population level

Mean harm score Physical harm Depen-  Social harm

individual population mean physi- acute chronic dlames individual population  difference

level level cal harm toxicity toxicity level level
Crack cocaine 2.63 2.41 2.51 2.39 2.63 2.82 2.55 1.89 0.66
Heroin 2.53 2.30 2.20 2.37 2.03 2.89 2.50 1.78 0.72
Tobacco 2.20 2.27 1.71 0.53 2.89 2.82 2.06 2.28 -0.22
Alcohol 2.16 2.36 2.18 1.89 2.47 2.13 2.16 2.76 -0.61
Methamphetamine 2.06 1.67 2.11 2.03 2.18 2.24 1.84 0.56 1.29
Cocaine 2.06 1.93 2.00 1.95 2.05 2.13 2.05 1.66 0.39
Methadone 1.94 1.68 1.68 1.95 1.42 2.68 1.42 0.68 0.73
Amphetamine 1.84 1.64 1.80 1.71 1.89 1.95 1.76 1.18 0.58
GHB 1.53 1.32 1.32 1.84 0.79 1.71 1.55 0.92 0.63
Benzodiazepines 1.33 1.36 0.87 0.97 0.76 1.89 1.24 1.32 -0.08
Buprenorphine 1.31 1.00 0.99 1.21 0.76 1.71 1.24 0.29 0.95
Cannabis 1.19 1.26 1.18 0.84 1.53 1.13 1.26 1.47 -0.21
Ketamine 1.07 0.82 1.24 1.55 0.92 0.84 1.13 0.39 0.74
Ecstasy 1.06 1.03 1.34 1.34 1.34 0.61 1.24 1.13 0.11
Methylphenidate 0.85 0.69 0.88 0.92 0.83 0.86 0.81 0.33 0.47
Anabolic steroids 0.78 0.67 0.84 0.45 1.24 0.71 0.79 0.45 0.34
Khat 0.66 0.52 0.67 0.39 0.95 0.76 0.55 0.13 0.42
LSD 0.65 0.46 1.08 1.47 0.68 0.03 0.84 0.26 0.58
Magic mushrooms 0.40 0.31 0.51 0.89 0.13 0.03 0.66 0.39 0.26

The mean harm score is the averaged score of physical harm (toxicity), dependence and social harm. Drugs have been ranked ac-
cording to the value of the mean harm score at individual level. Difference: social harm at individual level - social harm at population
level.

ranged from -0.25 to +0.28 on the scale from 0 to 3 (mean Dutch Ratings and Ranking

change 0.07). Mean harm scores at individual and popu- Figure 1 shows the Dutch ranking of the 19 recreation-
lation level given by basic scientists were very similar to  al drugs (the mean harm scores are depicted in table 1). It
those given by clinicians (correlation coefficient of 0.97 appeared that alcohol, tobacco, heroin, crack cocaine,
and 0.96, respectively). and (meth)amphetamine were rated as being most harm-
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Fig. 2. Correlation between the mean harm scores of 16 drugs
given by Dutch and British experts. Correlation coefficient is 0.87.
Drugs which were scored differently by Dutch experts as com-
pared with the British experts, i.e. deviating from the dashed ref-
erence line, were LSD (1), ketamine (2), GHB (3), amphetamine
(4), and tobacco (5).

ful, that benzodiazepines, GHB, cannabis, ecstasy and
ketamine scored in the moderately harmful range, and
that magic mushrooms, LSD and khat were rated as least
harmful. However, the ranking according to the mean
harm score clearly depended on whether it was based on
the social harm score at population level or at individual
level. The comparison of both rankings results in some
remarkable differences. The score for social harm at in-
dividual level appeared to be consistently higher than the
social harm score at population level, except for ecstasy,
benzodiazepines, cannabis, tobacco and alcohol. For the
latter drugs the social harm score at user level (individu-
al level) was about as high as (or even higher than) the
social harm score at population level. As shown in fig-
ure 1, this resulted in similar scores for the mean harm at
individual and population level of ecstasy, benzodiaze-
pines, cannabis, tobacco and alcohol, in contrast to the
other drugs, where the mean harm score at individual
level was higher as compared to that at population level.

Comparison of the Dutch and British Rankings

It appeared that the Dutch assessment based on the
harm of the drug for individual user resulted in a ranking
that correlated very well to the one previously obtained
by the British expert panel [1]. Figure 2 reflects this good
correlation (correlation coefficient 0.87) between the
Dutch and British (individual) mean harm scores of the
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drugs, although the Dutch experts gave in general some-
what lower scores than the British experts (1.49 £ 0.68
and 1.67 * 0.45, respectively). The Dutch experts gave
slightly higher scores (points below the dashed line in
tig. 2) for tobacco (+0.35), amphetamine (+0.26), GHB
(+0.26) and alcohol (+0.06). Remarkably, ketamine
(+0.47) and LSD (+0.55) were judged by the British ex-
perts to be more harmful than according to the Dutch
experts. The higher British score for LSD is mainly due to
the much higher score of 1.23 given for the item ‘depen-
dence’ (Dutch score 0.03), whereas for ketamine all items
were scored higher by the British experts. Regarding the
higher Dutch mean harm score of tobacco, it appeared
that this was mainly due to higher score for the item ‘de-
pendence’ (2.82 vs. 2.21) and social harm (2.06 vs. 1.42)
as compared to the respective British scores.

Discussion

The main result of this study is a ranking of 19 recre-
ational drugs according to their mean harm score, i.e.
their overall potential harm, consisting of acute and
chronic toxicity of the drugs, their addictive potency
and their social harm (fig. 1, table 1). The main out-
come is that alcohol, tobacco, heroin, crack cocaine, and
(meth)amphetamine were rated as being most harmful,
that benzodiazepines, GHB, cannabis, ecstasy and keta-
mine scored in the moderately harmful range, and that
magic mushrooms, LSD and khat were regarded to be
least harmful. This means that the 19 Dutch experts as-
sessed the legal ‘drugs’ alcohol and tobacco as more
harmful than many of the illegal drugs with the excep-
tion of heroin and crack. The highly debated listing of
drugs like cannabis and ecstasy were ranked as being
moderately harmful drugs.

Except for the study of Nutt et al. [1], no studies have
ranked the harm of a similar set of recreational drugs us-
ing the four subscores physical harm, addictive potency;,
social harm at individual level, and social harm at popu-
lation level. Previously, others have ranked or attempted
to rank the adverse effects of recreational drugs based on
drug-related disease and drug dependence [2], drug de-
pendence [3], the ratio of effective dose and lethal toxic-
ity [4, 5], toxicity profiles of the drugs [6] or a combina-
tion of these items [7]. Indeed, comparable results were
obtained using our approach, although the previous
studies assessed a lower number of drugs and resulted
from different methodologies. Present results are in close
agreement with those reported by the Strategy Unit of the
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UK Cabinet Office from 2005 [8], which ranked a set of
recreational drugs with respect their harm (i.e. acute and
long-term harm, damage to social functioning, and po-
tential addictiveness).

In contrast to the British study of Nutt et al. [1], stan-
dard fact sheets describing the state of the art were pro-
vided to all experts prior to the assessment, in order to
secure the availability of adequate up-to-date informa-
tion to all judges and to increase the transparency of the
assessment. In addition, the Dutch experts gave two
scores for social harm which results in a more balanced
ranking of the drugs. Nevertheless, it appeared that the
ranking performed at population and individual level
generally led to the same ranking (correlation coefficient
of 0.98).

The ranking procedure applied has two important
limitations. The physical harm of drugs consisting of
acute and chronic toxicity and addictive potency are well
defined and known properties of the drugs. In contrast,
the spectrum of social harm is very broad and its items
are relatively ill defined, which hampers an objective rat-
ing of the social harm of drugs, especially when a variety
of drugs are to be compared. For instance, a social harm-
ful effect, like the aggression induced by alcohol, is not
relevant for sedative drugs. In conclusion, many social
harmful effects are only applicable to some but not all
drugs. Despite this limitation, the score for social harm
must be included in procedures where the harm of drugs
is compared. Moreover, agreement between experts on
social harm ratings and rankings was good, i.e. basic sci-
entists and clinicians gave comparable ratings of social
harm atindividual and population level (correlation coef-
ficients 0.93 and 0.95, respectively). Secondly, the simple
adding (or calculation of the mean value) of the ratings
given for the different items (table 1) is arbitrary, and im-
plies that all items have an equal contributing value to
total harm. However, to assign weight factors to each item
is difficult to determine and highly arbitrary, as well. Fi-
nally, for the 19 drugs, remarkable differences between
the two social harm scores are observed (see right panel
of table 1). For instance, the difference between the two
social harm scores for methamphetamine (1.29) and that
for magic mushrooms (0.26) has a positive value which
implicates that the social harm at an individual level is
assessed as being higher than the social harm at the pop-
ulation level and probably this difference is mainly due to
the low prevalence of use of both methamphetamine and
magic mushrooms in the Netherlands. Moreover, the fact
that this difference is larger for methamphetamine than
for magic mushrooms indicates that a higher rate of mag-
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ic mushrooms use would probably not result in large so-
cial harms at population level (because of the small dif-
ference between the two social harm scores for magic
mushrooms), whereas one may expect so if methamphet-
amine use would become more prevalent in the Nether-
lands. It is of more interest when the difference has a neg-
ative value, as it is for tobacco, alcohol and cannabis,
because this implicates that the social harm at the popu-
lation level is assessed as higher than the social harm of
these substances at an individual level.

The present results largely confirm previous results
obtained by a panel of British experts [1], though some
small but remarkable differences became apparent. Ket-
amine and LSD were scored by the British experts as rel-
atively more harmful than according to the Dutch ex-
perts. This is probably explained by the very low preva-
lence of use of these two drugs in the Netherlands:
ketamine is hardly used and magic mushrooms were, un-
til recently, legally and widely available as an alternative
for the hallucinogenic drug LSD. The Dutch experts gave
relatively high scores for the harm of tobacco, GHB and
amphetamine. Only recently, it appeared that GHB seems
to give much more problems in the drug scene and drug
clinics than observed in the previous years in the Neth-
erlands. The growing attention in the media for the health
hazards of tobacco and environmental tobacco smoke,
and the public interest in anti-smoking campaigns, date
from the last 5 years. This recent increased awareness
may have led to a higher (social harm) score by the Dutch
experts as compared to the British scores which were ob-
tained some years earlier. It thus seems that between the
Dutch and British experts no differences with respect to
geographical experiences or opinions are apparent other
than those mentioned.

One of the most striking results of the assessment us-
ing the two ways to score social harm was the higher val-
ue of the harm at population level as compared to the
harm score at individual level for tobacco, alcohol, ec-
stasy, cannabis and benzodiazepines, whereas the reverse
was true for the other 14 drugs. The first five drugs either
have a relatively high prevalence of use, are legally avail-
able, or both. This observation implies that the harm of a
drug at population level increases when it is used more
frequently or by more people. Obviously, a higher preva-
lence of use does not affect the harm of the drug at indi-
vidual level, but certainly has a major impact on public
health, and leads to a higher social and financial burden
for society. This observation is important for policy mea-
sures directed at demand reduction. It should, however,
be noted that the legal status of a drug is only one of the
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many determinants of its prevalence of use. Secondly, ir-
respective of whether the score was based on use at either
individual or population level, the more toxic drugs with
a relatively low prevalence of use were rated with high
mean harm scores. This implicates that the present rank-
ing procedure secures that very toxic drugs remain to be
considered as drugs with the highest harm, i.e. dangerous
drugs.

Though none of the drugs can be regarded completely
safe, the public (and some politicians) seems dispropor-
tionately concerned about the risk of illegal drugs relative
to that of legal drugs. The legal status of alcohol and to-
bacco is the result of decisions taken in and policies from
the past, and not science-based, i.e. based on a pharma-
co-toxicological profile, like limited or low side effects.
Mainly for economic reasons tobacco and alcohol prob-
ably will preserve the legal status in future. Based on the
high level of harm of tobacco varying from serious phys-
ical harm (e.g. lung cancer and cardiovascular risk), the
high addictive potency and the social harm represented
by the toxicity and annoyance of side stream smoke, this
drug cannot be regarded as a safe drug any longer. Simi-
larly, alcohol is associated with a large number of diseas-
es (e.g. liver cirrhosis and cancer, cardiovascular disease),
is clearly addictive and has a plethora of social side effects,
e.g. aggression, impaired car driving and sick leave. As
such, alcohol is not a safe drug and causes a large social
and financial burden to society. It can thus be concluded
that from a scientific perspective, tobacco and alcohol are
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