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Abstract

Objective: To establish the frequency with which anxiolytic and sedative drugs
result in fatal poisonings and to examine longitudinal changes in poisoning deaths.
Method: The number of fatal poisonings between 1983 and 1999 in England,
Scotland and Wales due to a single anxiolytic or sedative drug was obtained from
the Department of Health in the UK. This was divided by the number of
prescriptions for these drugs in England and Scotland to derive a fatal toxicity
index (FTI) of deaths per million prescriptions.

Results: Chloral hydrate, clomethiazole, barbiturates, and related sedatives had
much higher FTIs than benzodiazepines, buspirone, zolpidem and zopiclone.
There has been a substantial reduction in the annual number of deaths from
sedative drug poisoning between 1983 and 1999. This has been due to a sustained
reduction in prescriptions for high toxicity drugs and more recently a major
reduction in temazepam deaths that coincided with the withdrawal of gelatin
capsule formulations.

Conclusion: Deaths would be expected to be further reduced if there were
reduced prescriptions of high toxicity drugs — and the continuing need for
short-acting barbiturates, clomethiazole and chloral hydrate should be questioned.

Introduction

Anxiolytic and sedative drugs are among the
most common drugs leading to fatal poisoning.[!?!
Any comparison of these drugs in terms of their fatal
toxicity must be done using coronial data (or infor-
mation from the procurator fiscal system in Scot-
land) as most of these deaths occur out-of-hospital.
To facilitate comparisons previous authors have cal-
culated fatal toxicity indices (FTT).3* The number
of fatal poisonings is divided by measures of drug
usage to give a FTI of deaths per million prescrip-

tions or deaths per million patient-years. Despite
many limitations of FTIs,P! such estimates of the
relative toxicity in overdose of drugs are the best
means we have of comparing fatal toxicity in human
overdose. Two previous studies have examined the
fatal toxicity of some of these drugs in the UK.[*f]
Neither examined toxicity due to a number of non-
benzodiazepine non-barbiturate drugs or examined
longitudinal trends. The aim of this paper is to
establish the frequency with which anxiolytic and
sedative drugs resulted in fatal poisoning and to look
for longitudinal changes in the FTI.
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Methods

We examined the fatal toxicity of anxiolytic and
sedative drugs for the years 1983—-1999. The number
of deaths in England, Wales and Scotland due to
acute poisoning by a single drug alone with or
without alcohol co-ingestion was obtained from the
Office for National Statistics!”! (England, Wales)
and the General Registrar’s Office (Scotland). Fatal
poisonings due to multiple drugs (about 30—40% of
the total) are excluded. The number of prescriptions
for England and Scotland, as supplied by their De-
partments of Health for these years, was used as a
measure of relative drug usage.

There have been some changes in data collection
over time. The English prescription data from
1983-1990 are based on fees and on a sample of 1 in
200 prescriptions dispensed by community pharma-
cists and appliance contractors only. The data from
1991-1999 are based on items and cover all pre-
scriptions dispensed by community pharmacists, ap-
pliance contractors, dispensing doctors and prescrip-
tions submitted by prescribing doctors for items
personally administered. There have also been some
changes in practices for coding for poisoning deaths.
This has involved changing to automated methods in
1996 and the inclusion of 304.x codes (from the
International Classification of Diseases, 9th and
10th revisions) [poisoning due to drug dependence]
in Scottish poisoning deaths from 1993.[8]

For each drug, we calculated a FTI expressed as
deaths per million prescriptions. This was calculated
by dividing the number of deaths attributed to an
overdose of the drug in England, Scotland and
Wales over these years by the total number of pre-
scriptions for the drug (in England and Scotland
alone) for the years 1983—-1999. No data on prescrip-
tions are available for Wales before 1994 and we did
not include any of their data in this longitudinal
study. Welsh data has not been included in most
previous FTIs including those performed on this
class of drugs.l> In a previous study on antidepres-
sants, Welsh prescriptions only accounted for be-
tween 5 and 7% of the annual total of UK prescrip-
tions."’
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Ninety-five percent CIs were calculated by as-
suming the prescriptions (i.e. the denominator of the
FTI) were fixed and that the deaths followed a
Poisson distribution. The 95% CI limits were ob-
tained for the deaths from exact CIs for a Poisson
distribution.'” These limits were divided by the
prescription count to obtain the lower and upper
confidence limits for the FTI.

Results

The results are presented in table I and table II
with the drugs listed within their class in descending
order of the FTI. The overall results were as follows:
1458 deaths associated with sedative benzodiaze-
pines and a total of 198 026 000 prescriptions,
giving a mean FTI of 7.4 (95% CI 7.0-7.7); 818
deaths associated with barbiturates and a total of
5 594 000, giving a mean FTI of 146.2 (95% CI
136-156); and 387 deaths associated with benzo-
diazepine anxiolytics and a total of 130 493 000
prescriptions, giving a mean FTI of 3.0 (95% CI
2.7-3.3).

Longitudinal changes in prescriptions and deaths
are shown in figure 1. As can be seen, there has been
a nearly 4-fold decline in the total number of deaths.
In trying to explain this result we have divided the
drugs into those with a high FTI (>30: barbiturates,
chloral hydrate and betaine, clomethiazole) and
those with a low FTI. There was a marked decline in
deaths due to high toxicity drugs between
1983-1992 with only small further reductions since.
In contrast, low toxicity drugs had a fairly constant
number of deaths except for a sudden drop in 1995
(figure 1). We can see the effect in more detail by
looking at the two main drug classes in these groups
(benzodiazepines and barbiturates). The reduction in
deaths due to barbiturates directly followed reduced
prescriptions, with no substantial change over time
in the FTI (deaths per million prescriptions) [figure
2]. Similar results were seen with the other high
toxicity drugs (data not shown). In contrast, the
marked reduction in deaths due to low FTI drugs in
1995 was due to reduced benzodiazepine deaths but
was not associated with any significant reduction in
prescriptions (figure 2). Further examination of the
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Table I. Fatal toxicity index (deaths per million prescriptions) for drugs primarily used as sedative/hypnotics?

Total no. No. of prescriptions Deaths/million prescriptions

of deaths (thousands) (95% ClI)
Flurazepam 84 4093 20.5 (16.4-25.4)
Flunitrazepam 4 370 10.8 (2.9-27.7)
Temazepam 1050 105 528 9.9 (9.3-10.6)
Triazolam 70 14 920 4.7 (3.7-5.9)
Nitrazepam 240 66 545 3.6 (3.2-4.1)
Loprazolam 5 3050 1.6 (0.5-3.8)
Lormetazepam 5 3521 1.4 (0.5-3.3)
Total sedative benzodiazepines 1458 198 026 7.4 (7.0-7.7)
Barbital sodium (barbitone sodium) 8 1 6728.3 (2910-13255)
Pentobarbital sodium (pentobarbitone sodium) 232 538 431.2 (377-490)
Cyclobarbital calcium (cyclobarbitone calcium) 12 65 183.7 (95-321)
Amobarbital (amylobarbitone) 263 2010 130.8 (115-148)
Secbutabarbital (butabarbitone) 171 1423 120.2 (103-140)
Secobarbital (quinalbarbitone sodium) 132 1462 90.3 (76-107)
Total barbiturates 818 5594 146.2 (136-156)
Clomethiazole (chlormethiazole edisylate) 618 6454 95.7 (88-103)
Chloral hydrate/betaine 235 5052 46.5 (41-53)
Zolpidem 3 1300 2.3 (0.5-6.7)
Zopiclone 23 10763 2.1 (1.4-3.2)
Potassium bromide 0 71 0.0 (0-52)
Triclofos 0 133 0.0 (0-28)

a Data on prescriptions are for England and Scotland only. English data are from the Prescription Costs Analysis system. The data
up to 1990 are not consistent with the data from 1991 onwards. Figures up to 1990 are based on fees and on a sample of 1 in 200
prescriptions dispensed by community pharmacists and appliance contractors only. Figures from 1991 are based on items and
cover all prescriptions dispensed by community pharmacists, appliance contractors, dispensing doctors and prescriptions submitted
by prescribing doctors for items personally administered. Data on deaths are for England, Scotland and Wales. Numbers in the

table may not add up to the total because of rounding.

data revealed that this reduction was largely due to
reduced temazepam deaths from 1995 onwards (fig-
ure 3). In 1994, temazepam accounted for the major-
ity of benzodiazepine deaths. The reduction ap-
peared to coincide with a major reduction in pre-
scribing of temazepam gelatin capsule preparations
prior to their complete removal from the National
Health Service (NHS) and rescheduling in January
1996. Earlier reductions in non-temazepam benzo-
diazepine deaths partially reflect the removal of
flurazepam and flunitrazepam (the two with the
highest FTIs) from the market in 1986. There was an
increase in temazepam prescriptions and deaths at
the same time (figure 3).

The utility of using FTIs for postmarketing sur-
veillance for sedatives is demonstrated by showing a
cumulative FTT and CI in figure 4. It can be seen that
the safety in overdose of zopiclone, the first drug of
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a new sedative class, was established as being of the
same order as the benzodiazepines after about a
million prescriptions (and only four deaths) within a
few years of marketing. At this time the FTI was 5.5
(95% CI 1.5-14). The FTI based on the full ten
million prescriptions and 23 deaths was within this
CI but it took 10 years to show that zopiclone may in
fact have a slightly lower FTI than some more
commonly prescribed benzodiazepine sleeping tab-
lets (see also table I).

Discussion

The calculated FTIs confirm previous observa-
tions for benzodiazepines and barbiturates.[*5! It is
for other sedative and anxiolytic drugs that the most
interesting results are observed. Thus, the very high
FTIs for clomethiazole and the chloral hydrate/chlo-
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ral betaine sedatives have not been previously noted.
Chloral hydrate is known to be a very potent seda-
tive with a low therapeutic index, particularly in
patients with cardiac disease.!''! The high FTI for
clomethiazole, similar to that observed for barbitu-
rates, must also raise concerns about the continuing
use of this drug. The dramatic effect of removing
temazepam gelatin capsules (figure 3) suggests that
even for ‘low toxicity’ drugs there may be scope for
improvement in sedative drug overdose mortality if
they are being deliberately abused. The very low
FTIs for some newer drugs such as zopiclone, zolpi-
dem and buspirone are reassuring and support the
use of FTIs for post-marketing surveillance of over-
dose toxicity.

We have concluded that these FT1Is largely reflect
the inherent toxicity of these drugs. However, it is
not possible from the coronial data to exclude the
possibilities that drugs are more frequently taken, or
are prescribed for or taken in overdose by an at-risk
group. There are a number of characteristics of the
patients for whom these drugs have been prescribed
which might influence the choice of drug and also
alter their risk of poisoning or their risk of death if
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poisoned. These would include age, gender, other
medical conditions, whether the drugs were pre-
scribed for drug dependence, psychiatric illness or
other indications and whether some drugs were giv-
en specifically to counteract suicidal behaviour.
These drugs are disproportionately used in suicide
attempts!'! and some specific drug groups and indi-
vidual drugs are recommended in books and on the
Internet for suicide by active euthanasia lobby
groups.['>13] The perceived risk of overdose with
each drug has the potential to confound the relation-
ship with fatal toxicity. For example, if prescription
of barbiturates is avoided in those deemed to be at
risk of suicide, this would tend to reduce differences
in the FTI. However, if people wishing to commit
suicide were aware of the toxicity of barbiturates in
overdose from publicly available sources, they may
preferentially seek barbiturates for overdose.!'3 Al-
so0, particular drugs are used in the treatment of drug
or alcohol addiction (e.g. clomethiazole) or are
abused (e.g. temazepam gelatin capsules).!'415] Al-
cohol potentiates the sedative effects of these drugs
and these patients also have a disproportionately
higher risk of suicide or accidental poisoning, both

Table Il. Fatal toxicity index (deaths per million prescriptions) for drugs primarily used as anxiolytics?

Total no. No. of prescriptions Deaths/million prescriptions

of deaths (thousands) (95% ClI)
Bromazepam 2 225 8.9 (1.0-32)
Alprazolam 3 399 7.5 (1.5-22)
Chlordiazepoxide 50 12 408 4.0 (3.0-5.3)
Diazepam 227 74 002 3.1 (2.7-3.5)
Ketazolam 1 266 3.8 (0.1-21)
Dipotassium clorazepate 5 2487 2.0 (0.6-4.7)
Oxazepam 14 6934 2.0 (1.13.4)
Lorazepam 51 26 303 1.9 (1.4-2.5)
Clobazam 3 1848 1.6 (0.3-4.7)
Medazepam 0 2148 0.0 (0-1.7)
Total benzodiazepine anxiolytics 387 130 493 3.0 (2.7-3.3)
Meprobamate 30 1576 19.0 (13-27)
Chlormezanone 1 668 1.5 (0-8.3)
Buspirone 0 1207 0.0 (0-3.1)

a Data on prescriptions are for England and Scotland only. English data are from the Prescription Costs Analysis system. The data
up to 1990 are not consistent with the data from 1991 onwards. Figures up to 1990 are based on fees and on a sample of 1 in 200
prescriptions dispensed by community pharmacists and appliance contractors only. Figures from 1991 are based on items and
cover all prescriptions dispensed by community pharmacists, appliance contractors, dispensing doctors and prescriptions submitted
by prescribing doctors for items personally administered. Data on deaths are for England, Scotland and Wales. Numbers in the

table may not add up to the total because of rounding.
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Fig. 1. Changes in anxiolytic and sedative prescriptions and deaths
in the UK (1983-1999). * Fatal toxicity indices (FTI) >30: barbitu-
rates, chloral hydrate, chloral betaine and clomethiazole.

of which may increase the FTI for these drugs.!!67)
However, both diazepam and clomethiazole are
used in alcohol withdrawal, but the FTI of diazepam
was still 30-fold lower than that of clomethiazole.
This suggests substitution of diazepam for clometh-
iazole in the treatment of alcohol withdrawal may
lead to further reduction in fatal poisonings. Most
fatal toxicity studies including ours have used pre-
scriptions rather than a measure of the number of
people using the drug. Previously we found only
minor differences in the rank order when we have
compared these figures with FTIs calculated as
deaths per million years of use in the UK for these
and other groups of drugs.!>!8! Unfortunately, per-
mission to publish the drug usage data has not been
provided and this analysis can not be presented in
this paper.

A couple of further limitations apply to observa-
tions of longitudinal trends. As noted in the methods
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section there have been small changes in coding of
deaths over this time and there may have been other
gradual changes that might have occurred that
would change the data used to record the FTI. For
example, the size of prescriptions might have
changed, or influencing the attribution of death to a
single drug by the coroner there may have been
improvements in analytical techniques which de-
tected more co-ingestions. There have also been
changes in the overall rates of suicide, at least partly
attributed to changing methods of suicide and birth
cohort effects.['>2% It is unclear what impact this
might have on the indexes, although despite consid-
erable yearly fluctuations there are no large differ-
ences between the overall barbiturate FTI at the
beginning and end of the study period and the only
change in the overall benzodiazepine FTI is ex-
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—— Annual FTI
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Fig. 2. Changes in benzodiazepine and barbiturate prescriptions,
deaths and fatal toxicity indices (FTI) in the UK (1983—-1999).
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Fig. 3. Timeline of changes in temazepam and benzodiazepine
deaths in the UK (1983-1999). IV = intravenous.

plained on other grounds (figure 2). However, small
differences between data from the beginning and
end of this time frame (for example, the relative
toxicity of benzodiazepines that were removed from
the market in the 1980s compared with the newer
agents such as zolpidem and zopiclone) should
probably be interpreted conservatively.

It is unlikely that any of the potential confounders
considered above could explain 10-fold differences
within drug classes and even larger differences
across all these drugs. These differences in fatal
toxicity have also been supported by studies com-
paring the relative clinical toxicity of these drugs
and by studies that include coronial data from other
countries.!12211' So, using such data, how should we
assess the safety of both new and old drugs used as
sedatives or anxiolytics? It is all too common for the
safety in overdose of new drugs to be proclaimed on
the basis of benign outcomes in a selected group of
hospital admissions. However, even the most lethal
sedatives rarely require more than supportive ther-
apy after admission to hospital,['' and the vast ma-
jority of lethal overdoses do not present to medical
attention.”?! The contrast between the in-hospital
course of benzodiazepine poisonings and the obser-
vation that temazepam was the sixth most common
single cause of fatal poisoning in the UK further
emphasises this point.>?!1 Although there is evi-
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dence that the coroner’s recording of cause of death
may frequently be incomplete or inaccurate from a
toxicological perspective,'?! it is probably the best
means available for assessing the toxicity in over-
dose after a drug has been marketed. As can be seen
with the data on zopiclone, this can be established
within a few years of marketing (figure 4).

For a number of older drugs, data about their
toxicity in overdose is available from a number of
sources.[I36211 The FTI calculated in this study
make it even more difficult to justify continuing
prescription of short acting barbiturates and related
sedatives such as meprobamate and glutethimide.
These older sedatives are also taken more frequently
in overdose than most other drugs, have greater
toxicity in animal studies and clinical series and are
also frequently abused.!'! Equally effective and safer
drugs, such as the benzodiazepines, zopiclone and
zolpidem, can be substituted for all indications.
Most of the same criticisms can be made of the
chloral group of sedatives and clomethiazole. These
drugs would probably not be granted a marketing
licence if developed now, but remain available only
due to their ‘grandfather’ status. Their availability
should be restricted as far as possible to reduce fatal
poisonings. It is apparent from the experience with
temazepam gelatin capsules that further scheduling
changes may be necessary to further decrease deaths

~~" Deaths
— Million prescriptions
— Cumulative FTI (95% ClI)

25

20+

No. of deaths,
million prescriptions & FTI

T T T T T T T T T T
89 90 91 92 93 94 95 96 97 98 99
Year

Fig. 4. Cumulative data on zopiclone deaths, prescriptions and fatal
toxicity indices (FTI) from the UK (1989—-1999).
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with these agents, particularly if they are being
selectively abused. A number of voluntary less re-
strictive measures such as warnings and educational
initiatives conducted through the early 1990s[?4-26]
were superficially successful in decreasing prescrip-
tions of the gelatin capsules. However, it was only
rescheduling that appears to have been successful in
significantly reducing temazepam deaths (figure 3).
A ban on clomethiazole, short acting barbiturates
and chloral hydrate and betaine might be expected to
nearly halve the current (greatly reduced) rate of
deaths due to sedative drug poisoning in the UK
(figure 1). Other countries that have been slower to
adopt restrictions and still have larger problems with
poisoning with barbiturates!?”! and abuse of temaze-
pam gelatin capsules®® may have even more to
gain.
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