
© 2018 Joule Inc. or its licensors	 CMAJ  |  MARCH 26, 2018  |  VOLUME 190  |  ISSUE 12	 E355

C anada, the United States and Australia have the highest 
per capita opioid consumption in the world.1 In Australia, 
there has been a 15-fold increase in opioid use between 

1992 and 2012,2 and Australia now has the second largest per 
capita consumption of oxycodone.3 This has been driven by 
approvals and subsidies for an increasing number of chronic 
noncancer pain conditions,4,5 despite a lack of evidence of long-
term effectiveness.6–8 This rise has been accompanied by 
increases in nonmedical use, diversion and opioid-related 
harms.2,9–13 Injection and snorting of oxycodone are common;13–15 
extended- or controlled-release tablets are crushed or dissolved 
to accelerate their effect.16 To curb this activity, tamper-resistant 
formulations have come to market; they form a viscous gel when 
crushed and mixed with water, making them harder to snort or 
inject. Importantly, tamper-resistant formulations do not avert 
opioid dependence as they can still be misused when taken 

orally,17,18 the most common route of administration in oxyco-
done-related deaths.16,19 Further, the tamper-resistant properties 
can be circumvented to allow injection.20

In April 2014, all controlled-release (CR) oxycodone in Australia 
was replaced with a tamper-resistant formulation. The US intro-
duced tamper-resistant oxycodone in 2010 followed by Canada in 
2012. To date, studies assessing the impact of this formulation have 
focused primarily on the US market, showing reductions in overall 
oxycodone use and oxycodone-related harm,21–24 but increased use 
of heroin.25,26 Early evidence for Australia has suggested that the 
tamper-resistant formulation resulted in decreased sales of the 
40–80 mg strengths, and a reduction in oxycodone injection.27 

However, there are no definitive studies using person-level 
data in Australia or internationally that have explored the extent 
to which individuals taking oxycodone CR have switched to other 
opioids. The purpose of this study was to determine whether the 
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ABSTRACT
BACKGROUND: Australia introduced 
tamper-resistant controlled-release (CR) 
oxycodone in April 2014. We quantified 
the impact of the reformulation on dis-
pensing, switching and poisonings.

METHODS: We performed interrupted 
time-series analyses using population-
representative national dispensing data 
from 2012 to 2016. We measured dis-
pensing of oxycodone CR (≥ 10 mg), dis-
continuation of use of strong opioids 
and switching to other strong opioids 
after the reformulation compared with a 
historical control period. Similarly, we 
compared calls about intentional opioid 
poisoning using data from a regional 
poisons information centre.

RESULTS: After the reformulation, dis-
pensing decreased for 10–30  mg (total 
level shift –11.1%, 95% confidence interval 
[CI], –17.2% to –4.6%) and 40–80 mg oxy-
codone CR (total level shift –31.5%, 95% CI 
–37.5% to –24.9%) in participants less than 
65 years of age but was unchanged in peo-
ple 65 years of age or older. Compared 
with the previous year, discontinuation of 
use of strong opioids did not increase 
(adjusted hazard ratio [HR] 0.95, 95% CI 
0.91 to 1.00), but switching to oxycodone/
naloxone did increase (adjusted HR 1.54, 
95% CI 1.32 to 1.79). Switching to mor-
phine varied by age (p < 0.001), and the 
greatest increase was in participants less 
than 45 years of age (adjusted HR 4.33, 
95% CI 2.13 to 8.80). Participants switching 

after the reformulation were more likely to 
be dispensed a tablet strength of 40 mg or 
more (adjusted odds ratio [OR]  1.40, 
95% CI 1.09 to 1.79). Calls for intentional 
poisoning that involved oxycodone taken 
orally increased immediately after the 
reformulation (incidence rate ratio 
(IRR) 1.31, 95% CI 1.05–1.64), but there was 
no change for injected oxycodone.

INTERPRETATION: The reformulation 
had a greater impact on opioid access 
patterns of people less than 65 years of 
age who were using higher strengths of 
oxycodone CR. This group has been 
identified as having an increased risk of 
problematic opioid use and warrants 
closer monitoring in clinical practice.

MENTAL HEALTH



RE
SE

AR
CH

E356	 CMAJ  |  MARCH 26, 2018  |  VOLUME 190  |  ISSUE 12	

reformulation of oxycodone CR led to a change in use of oxyco-
done CR and opioid-related harms. We used an interrupted time 
series analysis and a retrospective cohort study to quantify the 
impact of the reformulation on dispensing of high-strength oxy-
codone CR; ending use of all strong opioids; switching from oxy-
codone CR to other strong opioids; and calls for intentional poi-
soning that involved oxycodone and other opioids.

Methods

On Apr. 1, 2014, oxycodone CR in Australia was replaced with a 
tamper-resistant formulation. On Dec. 1, 2014, a generic nontam-
per-resistant formulation was also subsidized, and we were 
unable to distinguish the 2  formulations in our data. The non-
tamper-resistant formulation was not commonly sold;28 none-
theless, to avoid bias because of introduction of this product, we 
focused on the 8 months after the reformulation and before the 
subsidy of the generic formulation.

Data sources

Data from the Pharmaceutical Benefits Scheme
In Australia, all residents are entitled to subsidized access to pre-
scribed medicines through the Pharmaceutical Benefits Scheme. 
We used dispensing records from the Pharmaceutical Benefits 
Scheme (July 2012 to November 2016) for a representative 10% 
random sample of people eligible for the scheme, about 2.5 mil-
lion people.29 The data do not contain medicines dispensed in 
public hospitals or privately dispensed medicines; however, less 
than 10% of oxycodone is privately dispensed.30,31

We included all formulations of subsidized strong opioids, 
including buprenorphine, fentanyl, hydromorphone, metha-
done, morphine, immediate-release (IR) oxycodone, oxycodone 
CR, oxycodone/naloxone and tapentadol. Because we did not 
have data on opioids used to treat opioid dependence (i.e., 
methadone and buprenorphine/naloxone), these were excluded.

The available oxycodone CR strengths were 5, 10, 15, 20, 30, 
40 and 80 mg. The 5 mg strength was withdrawn from the market 
on Apr. 1, 2014; therefore, we excluded all 5-mg strengths of oxy-

codone IR, oxycodone CR and oxycodone/naloxone, because we 
could not separate switching to or from this strength as a result 
of the withdrawal versus the reformulation. Higher strengths of 
oxycodone CR were also more commonly misused32 and were the 
main target of the reformulation.27

New South Wales Poisons Information Centre
The New South Wales Poison Information Centre provides advice 
to health care professionals and members of the public 24 hours 
a day; it receives 50% of Australia’s poisoning calls (about 
100 000 per year).33 We used data from the New South Wales Poi-
son Information Centre (July 2012 to December 2016) to identify 
changes in calls associated with oxycodone, oxycodone/nalox-
one, morphine, other opioids and heroin.

Statistical analysis

Dispensing of oxycodone CR at the population level
Using dispensing data, we summed oxycodone CR dispensings by 
calendar month stratified by age (<  65 and ≥  65  yr) and tablet 
strength (10–30 and 40–80 mg). We estimated population-level dis-
pensing rates using the mid-year Australian population.34 We used 
stratification by age because we hypothesized that the impact 
would be greater in participants less than 65 years of age, who are 
more likely to engage in aberrant opioid-related behaviours.35

We used an interrupted time series analysis to assess the 
impact of the reformulation on dispensing. To estimate percent 
change, we modelled the natural log of dispensings. To account 
for seasonality, trends and autocorrelation, we used an autore-
gressive integrated moving average (ARIMA) model, using the 
Box–Jenkins method.36,37 We tested different forms of the impact 
of the reformulation, including temporary change, immediate 
level shift and gradual level shift. A level shift is a permanent 
change in the mean level of dispensing.38 We also included 
lagged effects if appropriate.

Discontinuing use of opioids and switching
To quantify discontinuation of use of opioids and switching, we 
identified a cohort of patients who were dispensed oxycodone CR 

Table 1: Change in dispensing of controlled-release oxycodone after reformulation, by participant age and formulation 
strength

Strength of oxycodone CR, mg
ARIMA model 
specification

Form of impact
 of reformulation

Percent immediate level 
shift after reformulation 

(95% CI)
Percent total level shift

 (95% CI)

Participant age < 65 yr

10–30 (0,1,1)(0,1,0)12 Gradual level shift over 6 mo –2.8 (–4.5 to –1.1)* –11.1 (–17.2 to –4.6)

40–80 (0,1,1)(0,1,0)12 Gradual level shift over 7 mo –10.6 (–13.0 to –8.2) –31.5 (–37.5 to –24.9)

Participant age ≥ 65 yr

10–30 (0,1,1)(0,1,0)12 Gradual level shift over 3 mo –2.9 (–5.1 to 0.0)* –5.0 (–6.1 to 0.0)

40–80 (2,1,0)(0,1,0)12 Gradual level shift over 7 mo –2.3 (–6.3 to 2.0) –8.2 (–21.7 to 7.5)

Note: ARIMA = autoregressive integrated moving average, CI = confidence interval, CR = controlled release.
*Impact lagged by 1 month.
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within 60 days before Apr. 1, 2014 and a historical control cohort of 
patients dispensed oxycodone CR within 60 days before Apr. 1, 2013. 
We identified switching events between Apr. 1 and Nov. 30 in 2013 
and 2014; we counted only the first event. A switch occurred if an 
individual stopped using oxycodone CR (no dispensing for ≥ 60 d), 
was dispensed a new strong opioid within 60 days of the last dis-
pensing of oxycodone CR and the new opioid had not been dis-
pensed before Apr. 1. We also identified the discontinuation of use 
of all strong opioids (no dispensing for ≥ 60 d).

To characterize our 2 cohorts (2013 and 2014), we measured 
several covariates in the 90 days before Apr. 1, including age and 
sex; oxycodone CR utilization, specifically number of dispensings 
and highest tablet strength dispensed (10–30 or 40–80  mg); the 
number of unique nonopioid medicines dispensed as a proxy for 
comorbidity;39,40 and co-dispensing of medicines with sedative 
properties within 30  days of a dispensing of oxycodone CR, 
because these drugs are commonly present in cases of oxycodone 
overdose.19 The latter category includes antipsychotics, benzodi-
azepines, serotonin and noradrenaline reuptake inhibitors, and 
tricyclic antidepressants. Although pregabalin is also in this cate-
gory, it was subsidized for only part of the study period, and, 
therefore, we excluded it. We compared cohorts using standard-
ized differences.41

To compare discontinuation of use and switching after the 
reformulation with that during the control period, we conducted 
a competing risks survival analysis.42 Death and switching to dif-
ferent opioids were competing risks. We adjusted standard 
errors for correlation within individuals who appeared in both 
cohorts. All models for competing risks were adjusted for the 
covariates described above to account for differences in users of 
oxycodone CR in 2013 and 2014. To test for a differential impact 
by age, we included an interaction term between cohort and age 
group (<  45, 45–64, 65–79 and ≥  80  yr); if it was significant (p  < 
0.05), we presented the age-specific hazard ratios (HRs); if not, 
we included age as a covariate only.

Finally, we compared participants who switched in 2014 to 
people who switched in 2013. We examined the association 
between each of the covariates described above and switching in 
2014 versus 2013. Because we were interested only in comparing 
characteristics, we conducted separate analyses for each vari-
able adjusted for age only. We used generalized estimating equa-
tion logistic regression and repeated measures to adjust for cor-
relation within individuals and included an interaction term with 
age. Owing to small numbers, we collapsed the age groups into 
less than 65 years, and 65 years and older.

Intentional poisoning calls
We summed all calls to the New South Wales Poison Information 
Centre that involved opioids or heroin and resulted from an 
intentional poisoning (i.e., deliberate self-poisoning, recreational 
use or intentional misuse) for each quarter. We excluded acci-
dental exposures and adverse reactions. Because there was no 
significant autocorrelation in the data, we used a segmented 
Poisson regression. For calls involving oxycodone, oxycodone/
naloxone, morphine and other opioids, we modelled the impact 
both unadjusted and adjusted for the total oral morphine equiv-

alents dispensed per quarter to account for changes in use over 
time, by including the log of the oral morphine equivalents dis-
pensed in milligrams43 as an offset in the model.

All analyses were performed with SAS version 9.3 and Stata 14.

Ethics approval
This study received approval from the New South Wales Population 
and Health Services Ethics committee (2013/11/494) and the Sydney 
Children’s Hospital Network Human Research Ethics Committee 
(LNR/16/SCHN/44). The Australian Government Department of 
Human Services External Request Evaluation Committee approved 
access to data from the Pharmaceutical Benefits Scheme.
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Figure 1: Monthly dispensing of oxycodone CR stratified by strength of 
drug and age of participants after reformulation of oxycodone CR (Apr. 1, 
2014). (A) Dispensing per 100 000 population per month stratified by tab-
let strength in participants aged less than 65  years. (B) Dispensing per 
100 000 population per month stratified by tablet strength in participants 
aged 65 years or more. Note: CR = controlled release.
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Results

Dispensing of oxycodone CR at the population level
In our sample cohort, 36 528 participants had at least 1 dispensing 
for oxycodone CR (≥ 10 mg) during the study period; the median 
age was 57 (interquartile range [IQR] 46–70) years and 56% of par-
ticipants were female. The impact of the reformulation was best 
modelled using a gradual, permanent level shift that occurred 
over several months (Table 1). Among people < 65 years, before 
the reformulation, dispensing of 10–30 mg strengths was decreas-
ing slightly among participants less than 65  years of age, while 
dispensing of 40–80 mg strengths was stable (Figure 1). After the 
reformulation, dispensing of both 10–30 and 40–80 mg strengths 
decreased gradually before levelling off, for a total level shift of 
–11.1% (95% CI –17.2% to –4.6%) and –31.5% (95% CI–37.5% to 
–24.9%), respectively. In participants 65  years of age and older, 
there were no significant changes after the reformulation.

Discontinuing use of opioids and switching
The cohorts of participants who were dispensed oxycodone CR in 
the 60  days before the reformulation (n  = 6195) and during the 
same period in 2013 (n  = 6702) were similar, with standardized 
differences ranging from –0.05 to 0.04 (Table 2).

Overall, we observed little change in discontinuation of use after 
the reformulation compared with 2013 (HR 0.95, 95% CI 0.91 to 1.00) 
(Table 3, Table 4). Because we found a significant interaction by year 
and age for switching to morphine (p < 0.001), we present age-specific 
results for this outcome. Participants less than 65 years of age were 
more likely to switch to morphine after the reformulation, particularly 
those who were less than 45 years of age (HR  4.33, 95% CI 2.13 to 
8.80), whereas there was an increase in switching to oxycodone/nal-
oxone in participants of all ages (HR 1.55, 95% CI 1.32 to 1.80).

When we compared participants who switched opioids in 2014 
and 2013, we observed a significant interaction between age 
group (< 65 and ≥ 65 yr) and sex (p = 0.04), the number of dispens-
ings of oxycodone CR before Apr. 1 (p = 0.046) and the number of 
nonopioid medications dispensed (p = 0.03). In participants who 
were less than 65 years of age and male sex, a greater number of 
dispensings of oxycodone CR and fewer nonopioid medications 
were associated with switching in 2014 (Table 5). Overall, dispens-
ing of a higher strength was also associated with switching in 2014.

Intentional poisoning calls
After adjusting for the total oxycodone CR oral morphine equiva-
lents dispensed, calls for injected and orally administered oxyco-
done were stable before the reformulation (Table  6); after the 

Table 2: Characteristics of participants who were dispensed controlled-release oxycodone before introduction of the 
tamper-resistant formulation (2014) and during the control period (2013) in Australia

Characteristic

No. (%) of participants,* 
2013 cohort

 n = 6702

No. (%) of participants,* 
2014 cohort

 n = 6195
Standardized 

difference†

Age group, yr

< 45 1365 (20.4) 1247 (20.1) 0.05

45–64 2642 (39.4) 2588 (41.8)

65–79 1753 (26.2) 1563 (25.2)

≥ 80 942 (14.1) 797 (12.9)

Sex

Female 3444 (51.4) 3155 (50.9) 0.01

Male 3258 (48.6) 3040 (49.1)

No. of unique nonopioid medications, median (IQR) 6 (3–9) 6 (3–9) –0.02

Dispensing characteristics for oxycodone CR

Maximum strength dispensed, mg

    10–30 5143 (76.7) 4694 (75.8) 0.02

    40–80 1559 (23.3) 1501 (24.2)

No. of dispensings per participant, median (IQR) 3 (2–5) 3 (2–5) 0.02

Other medications with sedative properties co-dispensed within 30 d of oxycodone CR

    Antipsychotic 474 (7.1) 442 (7.1) 0.002

    Benzodiazepine 1945 (29.0) 1819 (29.4) 0.08

    Serotonin–norepinephrine reuptake inhibitor 858 (12.8) 817 (13.2) 0.01

    Tricyclic antidepressant 966 (14.4) 887 (14.3) –0.003

Note: CR = controlled release, IQR = interquartile range. All variables were measured in the 90 days before Apr. 1.
*Unless specified otherwise.
†Values greater than 0.1 were considered to represent meaningful differences between groups.
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Table 3: Participants who discontinued use of opioids or switched opioids in the 8 months after Apr. 1, 2014, compared with 
the control group (2013), stratified by age group

Personal-level change

No. (%) of participants

 Aged < 45 yr Aged 45–64 yr Aged 65–79 yr Aged ≥ 80 yr

2013 
cohort

 n = 1365

2014 
cohort
n = 1247

2013 
cohort

 n = 2642

2014 
cohort
n = 2588

2013 
cohort

 n = 1753

2014 
cohort
n = 1563

2013 
cohort 
n = 942

2014 
cohort
 n = 797

Discontinued use of all strong opioids 779 (57.1) 706 (56.6) 1174 (44.4) 1130 (43.7) 910 (51.9) 766 (49.0) 412 (43.7) 341 (42.8)

Switched to any strong opioid 120 (8.8) 182 (14.6) 251 (9.5) 354 (13.7) 251 (14.3) 265 (17.0) 161 (17.1) 148 (18.6)

Replacement opioid switched to

    Buprenorphine 23 (1.7) 17 (1.4) 40 (1.5) 39 (1.5) 43 (2.5) 29 (1.9) 34 (3.6) 33 (4.1)

    Fentanyl 13 (1.0) 14 (1.1) 29 (1.1) 30 (1.2) 40 (2.3) 16 (1.0) 27 (2.9) 16 (2.0)

    Morphine 11 (0.8) 44 (3.5) 34 (1.3) 60 (2.3) 36 (2.1) 40 (2.6) 36 (3.8) 22 (2.8)

    Oxycodone/naloxone 49 (3.6) 68 (5.5) 94 (3.6) 137 (5.3) 93 (5.3) 126 (8.1) 53 (5.6) 66 (8.3)

    Other strong opioids
    (i.e., oxycodone IR, methadone,
    hydromorphone)

23 (1.7) 30 (2.4) 54 (2.0) 61 (2.4) 39 (2.2) 43 (2.8) 11 (1.2) 9 (1.1)

    Tapentadol* 0 (0.0) 9 (0.7) 0 (0.0) 26 (1.0) 0 (0.0) 11 (0.7) 0 (0.0) 2 (0.3)

Note: IR = immediate release.
*Tapentadol was listed in the Australian Pharmaceutical Benefits Scheme on July 1, 2014.

Table 4: Discontinuation of use  of opioids and switch to other opioids in the 8 months after Apr. 1, 2014, compared with 2013

Personal-level change
Unadjusted HR 

(95% CI)

All ages
Adjusted HR† 

(95% CI)

Interaction between year and age group*

 < 45 yr
Adjusted HR† 

(95% CI)

45–64 yr
Adjusted HR† 

(95% CI)

65–79 yr
Adjusted HR† 

(95% CI)

 ≥ 80 yr
Adjusted HR† 

(95% CI)

Discontinued use of all strong 
opioids

0.95
(0.91 to 1.00)

0.95
(0.91 to 1.00)

Switched to any strong opioid 1.33
(1.21 to 1.47)

1.79
(1.40 to 2.28)

1.44
(1.22 to 1.69)

1.20
(1.01 to 1.42)

1.10
(0.88 to 1.37)

Replacement opioid dispensed

    Buprenorphine 0.91
(0.71 to 1.16)

0.93
(0.72 to 1.19)

    Fentanyl 0.74
(0.55 to 1.00)

0.74
(0.55 to 1.00)

    Morphine 1.53
(1.21 to 1.95)

4.33
(2.13 to 8.80)

1.73
(1.13 to 2.67)

1.26
(0.80 to 1.97)

0.70
(0.41 to 1.19)

    Oxycodone/naloxone 1.50
(1.29 to 1.75)

1.54
(1.32 to 1.79)

    Other strong opioids
    (i.e., oxycodone IR,
    methadone, hydromorphone)

1.23
(0.97 to 1.56)

1.21
(0.95 to 1.55)

Note: CI = confidence interval, HR = hazard ratio, IR = immediate release.
*Age-specific results are presented only if the interaction term between age group and year was significant (p < 0.05).
†Adjusted for the following covariates measured in the 90 days before Apr. 1: sex, number of nonopioid medications, number of dispensings of oxycodone CR, concomitant 
dispensing of antipsychotics, serotonin–norepinephrine reuptake inhibitors, benzodiazepines or tricyclic antidepressants, and maximum tablet strength dispensed. “All ages” model 
is adjusted for age group.
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Table 5: Characteristics of participants who switched in 2014 (n = 983) compared with participants who switched in 2013 
(n = 794)

Characteristic
Unadjusted OR

 (95% CI)
Age-adjusted
 OR (95% CI)

Interaction with age group*

< 65 yr
Age-adjusted
 OR (95% CI)

 ≥ 65 yr
Age-adjusted OR 

(95% CI)

Age, yr

< 65 1.00 (Ref.) — — —

≥ 65 0.69 (0.57 to 0.84) — — —

Sex

Female 1.00 (Ref.) 1.00 (Ref.) 1.00 (Ref.)

Male 1.09 (0.90 to 1.31) 1.33 (1.02 to 1.73) 0.80 (0.61 to 1.05)

Unique nonopioid medications 0.97 (0.95 to 0.99) 0.95 (0.92 to 0.99) 1.00 (0.97 to 1.04)

Dispensing characteristics for oxycodone CR

Maximum strength dispensed, mg

    10–30 1.00 (Ref.) 1.00 (Ref.)

    40–80 1.50 (1.17 to 1.91) 1.40 (1.09 to 1.79)

No. of dispensings per participant 1.04 (1.01 to 1.08)† 1.06 (1.02 to 1.10)† 0.98 (0.92 to 1.05)†

Other medications with sedative properties dispensed within 30 d of oxycodone CR

    Antipsychotic 1.29 (0.90 to 1.85) 1.22 (0.85 to 1.76)

    Benzodiazepine 0.95 (0.78 to 1.17) 0.92 (0.75 to 1.13)

    Serotonin–norepinephrine reuptake inhibitor 1.09 (0.83 to 1.43) 1.08 (0.82 to 1.42)

    Tricyclic antidepressant 1.09 (0.83 to 1.44) 1.03 (0.79 to 1.35)

Note: CI = confidence interval, CR = controlled-release, OR = odds ratio, Ref. = reference.
*Age-specific results are presented only if the interaction term between age group and the variable was significant (p < 0.05)
†For every 1 unit increase.

Table 6: Number of poisoning calls before and after reformulation

Drug reported in 
poisoning call

No. of quarterly 
calls before 

reformulation, 
median (IQR)

Unadjusted for oral morphine 
equivalents (mg) dispensed

Adjusted for oral morphine
 equivalents (mg) dispensed

Quarterly trend 
before 

reformulation Level shift

Change in trend 
after 

reformulation

Quarterly trend 
before 

reformulation Level shift

Change in trend 
after 

reformulation

IRR (95% CI) IRR (95% CI) IRR (95% CI) IRR (95% CI) IRR (95% CI) IRR (95% CI)

Oxycodone, oral 90 (85–101) 1.02
(0.97 to 1.06)

1.22
(0.99 to 1.49)

0.98
(0.94 to 1.03)

1.03
(0.98 to 1.08)

1.31
(1.05 to 1.64)

1.01
(0.96 to 1.06)

Oxycodone, injected 8 (7–9) 1.01
(0.88 to 1.16)

0.99
(0.47 to 2.08)

0.91
(0.77 to 1.08)

1.02
(0.89 to 1.17)

1.07
(0.51 to 2.22)

0.93
(0.79 to 1.10)

Oxycodone/naloxone 8 (6–13) 1.03
(0.90 to 1.18)

1.77
(1.00 to 3.13)

1.04
(0.90 to 1.20)

0.87
(0.77 to 1.00)

1.52
(0.87 to 2.65)

1.16
(1.01 to 1.34)

Morphine 13 (8–16) 0.93
(0.84 to 1.03)

0.89
(0.50 to 1.60)

1.05
(0.93 to 1.19)

0.96
(0.87 to 1.06)

0.82
(0.45 to 1.47)

1.04
(0.92 to 1.18)

Other opioids* 112 (101–117) 0.99
(0.96 to 1.03)

1.08
(0.90 to 1.29)

1.02
(0.98 to 1.07)

0.99
(0.96 to 1.03)

1.05
(0.87 to 1.27)

0.96
(0.92 to 1.00)

Heroin 7 (4–8) 1.00
(0.83 to 1.20)

0.90
(0.36 to 2.25)

1.08
(0.87 to 1.32)

NA NA NA

Note: CI = confidence interval, IQR = interquartile range, IRR = incidence rate ratio, NA = not applicable.
*Excludes codeine combination products.
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reformulation, there was a level shift in the number of calls about 
orally administered oxycodone (incidence rate ratio [IRR]  1.31, 
95%  CI 1.05 to 1.64), but there was no change in calls about 
injected oxycodone. There were no changes in calls involving 
morphine, other opioids or heroin.

Interpretation

Our study reveals patterns of ending use of and switching of opi-
oids at the person level after introduction of tamper-resistant 
oxycodone CR. Our findings suggest that the observed decline in 
dispensing of higher-strength oxycodone CR in participants less 
than 65  years of age may be due to an increase in switching to 
other strong opioids, chiefly morphine, rather than an increase in 
ending use. This is of concern because it suggests that people 
may be seeking out opioids without tamper-resistant properties; 
however, as with all observational studies, we could not estab-
lish a causal relationship between the reformulation and the out-
comes, and can report only associations.

Furthermore, despite the reduction in dispensing, we saw no 
decrease in poisonings associated with injectable oxycodone, 
the main target of the reformulation. We did observe a small 
increase associated with orally administered oxycodone, a possi-
ble consequence of tamper-resistant formulations not deterring 
abuse of oral formulations. However, the increase in switching to 
morphine does not appear to have led to an increase in mor-
phine poisonings.

Switching to oxycodone/naloxone also increased after the 
reformulation; as oxycodone/naloxone has abuse-deterrent prop-
erties and causes withdrawal symptoms if injected,44 switching to 
this formulation is unlikely to be related to misuse, but could be a 
result of its increasing popularity as a substitute for oxycodone CR 
since its subsidization in 2011.4 Patients and prescribers may have 
seen the reformulation as an opportunity to switch.

Our findings are consistent with an Australian study of the 
short-term impact of the reformulation that found a reduction in 
sales of higher strengths of oxycodone CR, which are more com-
monly diverted and injected.27 Similar reductions have been 
found in the US;22,26 however, these studies did not examine per-
son-level changes. In contrast to the US but consistent with Aus-
tralian data in sentinel populations of people who inject drugs,27 
we did not observe any increase in heroin poisonings; however, 
the New South Wales Poison Information Centre only receives a 
small number of calls relating to heroin use.

Given the limitations of our data, we can only speculate on 
the reasons for increased switching to morphine; nonetheless, in 
a US survey of 244 people in drug treatment programs, a third of 
respondents reported switching to other drugs after the reformu-
lation in 2010.21 Morphine, which is not tamper-resistant, is com-
monly consumed and injected by people who have reported 
tampering with opioids in Australia,32 and is a logical substitute 
for people who misuse oxycodone. Respondents in the survey 
also reported switching from injection and snorting of oxyco-
done to swallowing, which may explain our observed increase in 
oral poisonings.

Limitations
We had no clinical information or the indication for prescribing, 
which potentially could have identified appropriate and inappro-
priate use, and we are missing several important covariates asso-
ciated with misuse, such as socioeconomic status. We also can-
not determine the reason for switching and what proportion of 
participants (if any) switched for reasons of misuse. The findings 
about poisonings should also be interpreted with caution: these 
data may not be representative of overdoses in the community, 
because many poisonings would not result in a call to the New 
South Wales Poison Information Centre. Thus, these results 
should be confirmed using other data sources.

We also had to limit our analysis to tablet strengths of 10 mg or 
more only because of the withdrawal of the 5-mg strength of oxyco-
done CR; however, 5-mg oxycodone is rarely injected and therefore, 
is not a target of this intervention.27 In addition, a generic nontam-
per-resistant formulation of oxycodone was subsidized in December 
2014. Although not commonly dispensed and, thus, unlikely to have 
had a major impact,28 the decrease in dispensing of oxycodone CR 
seems to level off around this time, and we cannot rule out that this 
was partly influenced by the availability of this generic formulation.

Conclusion
Although dispensing of oxycodone CR among participants less 
than 65 years of age decreased after the reformulation, we did not 
find an increase in ending use of strong opioids in parallel with an 
increase in switching to other nontamper-resistant strong opi-
oids. Participants who switched after the reformulation were 
more likely to be less than 65 years, male and had higher tablet 
strengths dispensed more frequently; this population was identi-
fied previously as having increased risk of problematic opioid use 
and may warrant closer monitoring in clinical practice.
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