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EXECUTIVE SUMMARY

In order to determine the role played by heroin purity in fatal heroin overdoses,
time series analyses were conducted on the purity of street heroin seizures in
south western Sydney and overdose fatalities in that region. A total of 322 heroin
samples were analysed by fortnightly periods between February 1993 to January
1995. A total of 61 overdose deaths occurred in the region in the study period,
and were allocated to the appropriate fortnights. Alcohol was detected in 33% of

cases, as were benzodiazepines.

Cross correlation plots revealed a significant correlation of 0.57 at time lag zero
between mean purity of heroin samples per fortnight and number of overdose
fatalities, accounting for 32% of the variance in fatalities. Similarly, there was a
significant correlation of 0.50 at time lag zero between the highest heroin purity
per fortnight and number of overdose fatalities, accounting for 25% of the
variance in fatalities. The correlation between range of heroin purity and
number of deaths per fortnight was 0.40, accounting for 16% of the variance in
fatalities. A simultaneous multiple regression on scores adjusted for first order
correlation indicated both the mean level of heroin purity and the range of heroin

purity were independent predictors of the number of deaths per fortnight.
Overall, the results indicate that the occurrence of overdose fatalities was

moderately associated with both the average heroin purity and the range of

heroin purity over the period 1993-1995
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1.0 INTRODUCTION

Deaths attributed to overdose remain the largest contributor to excess mortality
associated with heroin usel:2. Excess mortality rates have been estimated to be 13
times those expected among peers of the same age and gender®, although excess
mortality rates as high as 22 have been reported among this population®. In
Australia, the incidence of fatal heroin overdose has increased from 10.7 per
million in 1979 to 67.0 per million in 1995, representing a rise from 70 deaths in
1979 to 550 in 19955. A sharp increase in opioid-related mortality has also been

reported elsewhereb7.

The causes of heroin overdose, and the rise in overdose fatalities remain
unclears. The classical depiction of a fatal “overdose', as the result of a quantity
or quality (purity) of heroin in excess of the person’s current tolerance to the
drug, is the most long-standing and widely accepted explanation for death due to
heroin. A natural consequence of this view is that fluctuations in heroin purity
are seen as a major cause of heroin-related deaths. Media reports regularly
speak of "killer heroin" batches of unusual purity. Heroin users themselves
believe that variations in purity are the major cause of non-fatal and fatal

overdoses?.

Others, however, dispute the primacy given to the role of heroin per se, and of
heroin purity, in the aetiology of overdose®10-14, These authors raise three major
points. First, that morphine levels in fatal overdose cases have been skewed
towards the lower end of the range, with large proportions of cases having
morphine concentrations below toxic levels!113-15, If highly pure heroin was the
major or sole cause of death, one would expect to find relatively high blood levels
of morphine at autopsy in persons whose tolerance had not diminished. In fact,
morphine concentrations in fatalities overlap those detected in heroin users who

died of causes other than overdose!3 or in living heroin users!6.17,

Second, the “typical' overdose victim 1s an older, dependent user, presumably



with a high tolerance for opioids2141819 Finally, the concomitant use of heroin
with the central nervous system (CNS) depressants alcoholl419-21 and
benzodiazepines!: 7”14 is associated with the majority of "heroin" overdoses,
focusing attention on aetiological factors other than heroin purity. The presence
of alcohol at autopsy has also been related to lower blood morphine

concentrations!421,

Despite the generally accepted role given to purity fluctuations in causing heroin
overdose, little work has been conducted directly relating purity to number of
overdose deaths. The only study known to the authors in which this was
attempted was reported by Ruttenber and Luke!®. In regression analysis, heroin
concentration accounted for 24% of the variance in heroin overdose fatalities that

occurred in the District of Columbia between 1979 and 1982.

The current study builds on an earlier study conducted by Weatherburn and
Lind22, in which street heroin seizures in south western Sydney (SWS) were
analysed for purity over a two year period. This region has, in recent years,
become the major distribution point for heroin in Sydney. The average heroin
purity of these samples was 59%. There was a great deal of variation in the

purity of samples, with samples ranging from 13% to 80%.

The existence of a heroin purity time series over a two year period provided a
basis for analysing the relationship between fluctuations in purity and fatal
heroin overdoses in the same region. The current study specifically examined the
relationship between variations in heroin purity and fatal overdoses in the SWS
region for the two year period February 1993 to January 1995. It involved cross

correlating time series data on these two variables over the same period.



2.0 METHOD
2.1 Procedure

2.1.1 Heroin samples

The methodology for obtaining heroin samples is described in full by
Weatherburn and Lind22. Briefly, samples were collected over a two year period,
from February 1993 to January 1995 in the Sydney suburb of Cabramatta,
located in the South Western Sydney Area Health Service region. Cabramatta
has in recent years become the major distribution point for heroin in the Sydney
region. The samples were obtained as undercover purchases made by police
officers from Cabramatta Patrol, or were recovered from people arrested for

heroin possession by these officers.

A total of 322 heroin samples were obtained and analysed over the study period.
For the purpose of time series analysis, the study period was divided into 52
fortnightly periods. The median number of samples obtained per fortnight was 6
(range 0-13). No sample was collected in fortnight 17. The mean of samples
taken in fortnights 16 and 18 was taken as an estimate of purity for that period.
Similarly, the highest purity value of samples from fortnights 16 and 18 were
also used to estimate the highest purity for fortnight 17.

2.1.2 Heroin-related fatalities

The coronial files of all cases positive for blood morphine at autopsy and
occurring in the South Western Sydney Area Health Service region between
February 1993 and January 1995 were inspected. Each case was examined to
ascertain whether it was a heroin-related fatality, or death due to other causes.
Heroin-related fatalities were determined by circumstances of death, police
investigations and autopsy pathology conclusions. Cases due to other causes
were excluded from the study. The specific date of deaths was recorded, as were
toxicological analyses, circumstances of death and demographic details. A total of
61 heroin-related fatalities were identified SWS over the study period. Each
fatality was assigned to the appropriate fortnight of the study period.



2.2 Measures

In all fortnight periods, except for fortnight 17, more than one sample was
obtained. Where more than one sample was obtained for a period, the highest
and mean purities were recorded for the purposes of analysis. The highest heroin
purity per fortnight was analysed, as the highest purity samples would be
expected to relate to number of deaths if purity is a significant factor in these
deaths. As the range of purity per fortnight may be a factor, range per fortnight

was also recorded.

2.3 Analyses

In order to determine if a relationship existed between fluctuations in heroin
purity and number of overdose fatalities, time series analyses were conducted.
Cross correlation functions (CCF) were examined between heroin purity series
and fatal overdose series over the study period. Specifically, CCFs were
estimated between the following data series: mean heroin purity and fortnightly
deaths, highest heroin purity and fortnightly deaths, and range of heroin purity
and fortnightly deaths. CCFs provide contemporaneous Pearson correlations at
time lag zero. Where series were autocorrelated, they were differenced in order
to remove trends, and the transformed series were used to estimate cross

correlations between heroin purity and overdose fatalities.

In order to determine independent predictors of the number of fortnightly
heroin-related fatalities, simultaneous multiple regression were performed on
differenced variables. Backwards elimination of variables was used to select the

most appropriate model.

All analyses were conducted in the time series module of SYSTAT23,

3.0 RESULTS



3.1  Heroin purity

As reported in Weatherburn and Lind?2, the mean heroin purity of samples
collected over the study period was 58.7% (SD 14.8, range 13.2-79.8%). The mean
purity of samples collected for each fortnight are shown in Figure 1. The highest
mean purity for any fortnight period was 73.5% and the lowest was 19.8%.
Highest heroin purity for fortnightly periods ranged from 22.7%-79.8%. The
mean range of the purity of heroin samples per fortnight was 26.5%, with the

range per fortnight varying from 5.9%-62.2.%.

Figure 1: Mean heroin-purity per fortnight, February 1993-January 1995
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3.2  Heroin-related fatalities
The mean age of the 61 fatal overdose cases was 29.2 years (SD 6.8, range

16-50), with 87% male. The number of deaths in fortnightly periods ranged from
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0 to 4. Nearly all subjects (60/61) were classified as long-term dependent heroin
users, on the basis of police and witness statements contained in the coronial
files. The number of overdose fatalities by fortnightly period is shown in Figure

2.

Figure 2
Number of deaths per fortnight, February 1993-January 1995
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The median blood morphine levels at autopsy was 0.36 mg/L (range 0.06-4.5
mg/L). Alcohol was detected in 33% of cases (median BAC=0.17 g/100ml, range
0.02-0.33 g/100ml), as were benzodiazepines. Seven percent of subjects had both

alcohol and benzodiazepines detected in their blood addition to morphine.

3.3 Autocorrelations

There was a significant autocorrelation of mean fortnightly heroin purity at time



lag 1 (r=0.61) (Appendix 1), indicating a significant relationship between purity
concentrations in consecutive time periods. In order to remove trends from the
series for the purposes of cross correlations, the series was differenced (Appendix
1). The resultant series had no significant autocorrelations. As there were no
autocorrelations or partial autocorrelations in the transformed series, these data

were employed for cross correlations with heroin fatalities.

A plot of highest fortnightly purity also showed a significant autocorrelation at
time lag 1 (r=0.50) (Appendix 1). As with the mean purity series, the highest
purity series was differenced to remove trend. After differencing, there were no
significant autocorrelations (Appendix 1). An inspection of a plot of partial
autocorrelations also revealed no significant correlations in the transformed
data. As there were no significant autocorrelations or partial autocorrelations in
the transformed series, these data were employed for calculating cross

correlations with heroin fatalities.

There were no significant autocorrelations for the range of heroin purity. The
correlation between the range of heroin purity in a period and that following it
(time lag 1) was 0.07 (Appendix 1). An inspection of a plot of partial
autocorrelations also revealed no significant correlations. As there were no
significant autocorrelations, the series was left unchanged for calculating cross

correlations.

There were no significant autocorrelations for the fatal overdose series
(Appendix 1). The correlation between number of deaths in a period and that
following it (time lag 1) was 0.16. An inspection of a plot of partial
autocorrelations also revealed no significant correlations. As there were no
significant autocorrelations, the series was left unchanged for calculating cross

correlations.

3.4 Cross correlations



3.4.1 Mean purity

Cross correlations were conducted between the transformed mean purity series
and the overdose fatalities series (Figure 3). The cross correlation plot revealed a
Pearson correlation of 0.57 at time lag zero, indicating that changes in mean
heroin purity accounted for 32% of the variance in heroin fatalities in the same
fortnightly period. There were no other significant correlations at any other time

lag.

Figure 3: Cross correlation plot of mean heroin purity and fatalities
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3.4.2 Highest purity

The cross correlation plot of the transformed highest purity series and fatal
overdose cases 1s presented in Figure 4. There was a correlation at lag zero of
0.50, indicating that changes in heroin purity accounted for 25% of the variance
in overdose fatalities in the contemporaneous period. There were no significant

cross correlations at any other time lag.



Figure 4: Cross correlation plot of highest heroin purity and fatalities
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3.4.3 Range of purity

The cross correlation plot of the range of heroin purity per fortnight and fatal
overdose cases is presented in Figure 5. There was a correlation at lag zero of
0.40, indicating that changes in the range of heroin purity accounted for 16% of
the variance in overdose fatalities in the contemporaneous period. There were

also significant cross correlations at time lag 1 (0.41) and time lag -7 (0.42).

Figure 5: Cross correlation plot of range of heroin purity and

heroin-related fatalities
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3.5 Independent predictors of heroin-related fatalities

As the range of heroin purity was also moderately correlated with the number
of deaths at time lag 0, a simultaneous multiple regression was performed. The
aim of this analysis was to determine whether both the mean level of heroin
purity and the range of purity were independent predictors of the number of
fatalities per fortnight. Both differenced mean heroin purity per fortnight and

range of purity per fortnight were entered into the model. The model is displayed

in Table 1.

Table 1: Simultaneous multiple regression predicting heroin-related

fatalities per fortnight

Variable

Estimate

Standard

Error

t value P

10




Mean heroin purity 0.05 0.01 4.3 .001

Range of heroin 0.03 0.01 3.1 .01
purity

R?=0.40, F=15.7 (2,48), p<.001

As can be seen, both the mean heroin purity and the range of purity were
independent predictors of number of fatalities per fortnight. The model was

significant, and accounted for 40% of the variance.

4.0 DISCUSSION

The major finding from this study was the existence of a moderate correlation
between heroin purity and contemporaneous overdose fatalities. Variations in
mean and highest heroin purity accounted for 32% and 25% respectively of the
variance in overdose fatalities occurring in the same period. These results are
similar to those reported by Ruttenber and Luke!?, in which purity accounted
for a quarter of the variance in overdose fatalities. Similarly, the range of the
purity of samples accounted for 16% of the variance in fatalities that occurred in
the same period, even though the purity of heroin samples ranged between 13%

and 80%.
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It is of particular note that both the mean heroin purity and the range of heroin
purity were independent predictors of the number of fatalities per fortnight.
Thus, in terms of the role played by purity in such fatalities, it is not only the
variability of the heroin purity, but the mean level that the samples range
around. A range of 50% around a mean of 20% (10%-30%)purity does not have
the same implications as the same range around a mean of 60% (30%-90%). The
current data provide the first indication that both factors may be of importance.
Overall, however, the model containing both factors accounted for only 40% of

the variance.

The current data are consistent with the arguments raised by authors cited
above disputing the exclusive role of heroin attribute to variations in heroin
purity in the aetiology of overdose. Variations in heroin purity would appear to
play a role in the aetiology of heroin-related deaths, but that role is not the sole

one.

It is impossible, of course, to determine how representative the seized samples
were of all heroin samples in the region at the time of the study. Nonetheless,
the current time series data are the most comprehensive yet collected, and this is
only the second study of its kind ever conducted. It should also be emphasised
that these were street level seizures, and not large scale seizures, in which
purity may be unrelated to that sold at street level. There is certainly no reason
to believe that they are unrepresentative of street level heroin, although given
the relatively small numbers per period there may be some error associated with

both mean purity and range of purity.

The high proportion of cases in which another CNS depressant was detected in
toxicological analyses are consistent with previous studies!-1419, It points to the
aetiological role of factors other than purity in the aetiology of heroin-related

deaths. In a third of cases alcohol was detected at autopsy, and a third had

12



benzodiazepines detected. In fact, the median BAC of case in which alcohol was
detected was 0.17g/100ml, over three times the legal limit for driving in
Australia. Both alcohol and benzodiazepines depress respiration, which is the
proximal cause of death in heroin overdoses?4. When these drugs are in
conjunction with heroin, a normally tolerated dose of heroin may prove fatal.
Morphine concentrations among cases in the current study ranged as low as

0.06mg/L, well below the toxic level for opioid naive individuals.

The demographic characteristics of fatal cases were consistent with earlier
reports. The mean age of subjects was 29 years, with all but one fatality
occurring in a person classified as heroin dependent. Such long-term older heroin
users would be expected to have considerable tolerance to variations in opioid
purity. The moderate correlation between the range of purity per fortnight and

number of deaths also illustrates this point.

The current data have implications for the reduction of the morbidity and
mortality associated with heroin overdose. Focussing interventions solely on
purity per se is not only factually incorrect, but distracts heroin users from
taking action to prevent overdose fatalities. Heroin users need to be made aware
that purity is not the only, or most reality remediable, factor in heroin overdose.
The role of other CNS depressants in "heroin" overdoses should be emphasised,
and heroin users counselled against concurrent use of heroin with alcohol and
benzodiazepines.

In summary, heroin purity was moderately correlated with overdose deaths.
Heroin purity is an aetiological factor in heroin overdose, but not necessarily the

most remediable factor in preventing heroin overdoses.

13
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APPENDIX 1: AUTOCORRELATION PLOTS

Figure Al: Autocorrelation plot of mean heroin purity
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Figure A2: Autocorrelation plot of differenced mean heroin purity
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Figure A3: Autocorrelation plot of highest heroin purity
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Figure A4: Autocorrelation plot of differenced highest heroin purity
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Figure A5: Autocorrelation plot of range of heroin purity
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Figure A6: Autocorrelation plot of fatal overdose cases
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