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Persistent opioid use after hospital admission due
to trauma: a population-based cohort study
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Abstract \
Persistent opioid use (POU) is a common marker of harm related to opioid use after trauma. This study determined the incidence and
risk factors for POU after hospitalisation due to trauma in New Zealand, among opioid-naive patients. This was a population-based,
retrospective cohort study, using linked data, involving all trauma patients of any age admitted to all NZ hospitals between 2007 and
2019. We included all patients who received opioids after discharge and were considered opioid naive, defined as not having
received opioids or not having a prior diagnosis of opioid-use disorder up to 365 days preceding the discharge date. The primary
outcome was the incidence of POU defined as opioid use after discharge between 91 and 365 days. We used a multivariable logistic
regression to identify independent risk factors for POU. A total of 177,200 patients were included in this study. Of these, 15.3% (n =
27,060) developed POU based on criteria used for the primary analysis, with sensitivity analyses showing POU incidence ranging
from 14.3% to 0.8%. The opioid exposure risk factors associated with POU included switching between different opioids (adjusted
odds ratio [aOR] 2.62; 95% confidence interval [Cl] 2.51-2.73), prescribed multiple opioids (vs codeine, aOR 1.44; 95% Cl 1.37-
1.53), slow-release opioid formulations (@OR 1.32; 95% Cl 1.26-1.39), and dispensed higher total doses of on the initial discharge
prescription (@OR 1.26; 95% CI 1.20-1.33). Overall, 1 in 7 opioid-naive patients who were exposed to opioids after trauma

developed POU. Our findings highlight clinicians should be aware of these factors when continuing opioids on discharge.
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1. Introduction

Opioids are commonly prescribed for acute pain management
during hospital stays for trauma and may continue postdi-
scharge.?® However, this may result in persistent opioid use
(POU) and associated adverse events.??42® Recent studies from
both Sweden and the United States have reported that POU was
also independently associated with increased mortality and
opioid misuse.>3 A recent meta-analysis reported a POU rate
of 5.7% after acute musculoskeletal injuries and other acute pain
conditions.?® However, existing trauma research on POU has
rarely explored potentially modifiable risk factors, such as risk
factors related to postdischarge opioid exposure,?® and no
studies in New Zealand (NZ) have investigated the incidence and
risk factors for POU following trauma.
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To enhance patient safety and minimise the harms
associated with opioid use, understanding the incidence and
risk factors for POU after trauma is important. This knowledge
is key to developing targeted interventions to reduce opioid-
related harm. New Zealand presents a unique opportunity for
population-based opioid research due to its single universal
healthcare system, where all NZ citizens, permanent residents
and certain work visa holders have access to free or low-cost
physician visits, hospital care, and prescription medicines.?? In
NZ, a unique patient identifier is assigned to every patient in
both private- and public-funded hospitals, facilitating research
through linkage across various health databases.
New Zealand has also implemented opioid stewardship
practices before the global opioid epidemic, including supply
monitoring and prescribing restrictions. "

Furthermore, under the Treaty of Waitangi, NZ’'s founding
document, the healthcare system is obligated to address
healthcare disparities between the indigenous Maori and non-
Maori populations. However, it is not known whether differ-
ences exist between ethnic groups in rates of POU after
trauma in NZ.

Thus, the aim of this study was to determine the incidence of
POU in opioid-naive patients admitted with trauma to any hospital
in NZ and to investigate potential risk factors, with a focus on
postdischarge opioid prescribing practices and ethnic variations.

2. Method

We have described our methods in detail previously, and we
have reported this study in accordance with the RECORD
checklist.* This study was approved by the Auckland Health
Research Ethics Committee (Ref No: AH1159).
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2.1. Data sources and patient selection

We conducted this retrospective cohort study using 4 national
databases held by the NZ Ministry of Health as described
previously.'?® Data were linked using a unique patient identifier
(known as the National Health Index number).2° The databases
used contain information relating to hospitalisation episodes,
community pharmacy medication dispensing, and mortality and
sociodemographic information. The primary database used to
identify patients was the hospitalisation database. Information for
hospitalisation is comprehensive and complete as reporting is
mandatory by healthcare services, including trauma-related
diagnostic codes and surgical procedures, date of admission,
and existing comorbidities.?! However, the database does not
include laboratory data.

Patients of any age who were admitted to any public or private
NZ hospital with a primary diagnosis of trauma between 1
January 2007 and 31 December 2019 were considered for this
study. We used the following trauma-related diagnostic codes in
the 10th edition of the International Statistical Classification of
Diseases and Related Health Problems, Australian Modification
version (diagnostic codes: S00-S99 and TOO-T14) as specified in
our protocol.'®'® For each patient, the first trauma-related
admission during the study period was identified and the
discharge date was recorded as the index date. To determine
the incidence of POU, we identified each patient’s first trauma-
related admission during the study period, recording the
discharge date as the index date. We included only those who
received opioids within 7 days postdischarge, excluding those
not exposed to opioids in this initial period. We focused on opioid-
naive patients, defined by no opioid dispensing from a community
pharmacy or diagnosis of opioid-use disorder 180 and 365 days
before the index date, respectively. In addition, we excluded
patients with previous trauma in the year before the index date
and those with subsequent trauma admissions or deaths within
ayear postindex date. The aim of this approach was to reduce the
influence of previous experiences and outcomes on our
assessment of incidents or new POU.

See Supplementary Table 1 (available at http://links.lww.com/
PAIN/C88) for the definition of opioid-use disorder.

2.2. Opioid exposure risk factors

Information was obtained on the characteristics of the initial
opioid prescription after discharge. We included all government-
subsidised opioids available in NZ for pain management in the
community. We excluded products containing combinations of
codeine and nonopioid analgesics due to their over-the-counter
availability in New Zealand, which may result in incomplete
capture in medication claims databases. The total oral morphine
equivalence (OME) in milligrams for each patient’s initial opioid
prescription after discharge was calculated as described in our
protocol.”®> We documented the type of opioid dispensed
(codeine, tramadol, morphine, oxycodone, multiple, or others)
and whether a slow-release opioid preparation was dispensed.
We also collected data on nonopioid analgesics dispensed during
the 7 days after discharge, such as paracetamol and nonsteroidal
anti-inflammatory drugs. In addition, we recorded whether the
patient switched between different opioid types during the first
90 days after the index date. This was indicated by the presence
of any new opioid prescription with different opioids from the first
prescription.

We considered these risk factors related to the initial opioid
exposure to be the primary risk factors of interest as they are
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potentially modifiable by changing the physician’s prescribing
practices at the time of discharge.

2.3. Other potential risk factors

Several other potential risk factors for POU were considered,
based on previously published literature and our research team’s
experience.®10:1418.28.31.86 Thage included age, sex, ethnicity,
and socioeconomic status as indicated by the NZ deprivation
index (NZDep 2018)." The NZDep, an area-based metric, ranks
socioeconomic deprivation in 10 deciles; we grouped these into
quintiles, with quintile 1 representing the least deprived areas and
quintile 5 the most. Ethnicity data in NZ is prioritised for analysis in
the following order: Maori, Pacific, Asian, European, and other
ethnic groups.®? Other risk factors assessed include the number
of hospitalisation episodes within 1 year before the index date,
length of hospital stays during index trauma, whether surgery was
performed during the trauma event, site of trauma, and the region
of admission in NZ, which was anonymised.

We also searched a period of 365 days before the index date
for the following relevant comorbidities: psychiatric disorders,
chronic pain, alcohol misuse, smoking, cancer, and chronic
kidney or liver disease. Furthermore, we assessed the overall
comorbidity burden of each patient over 5 years before the index
event using the M3 index (M3I), which is a NZ-specific
comorbidity index believed to be more accurate in our setting
than other comorbidity indices.*®

To identify baseline exposure to other medications that may be
related to POU, we searched a period of 365 days before the index
date for any dispensing of the following class of medications:
psychotropics, nonopioid analgesics, and hypnotics.

See Supplementary Material Tables 1-4 (available at http://
links.lww.com/PAIN/C88) for the full list of risk factors and
definitions.

2.4. Outcome

The primary outcome was the proportion of opioid-naive patients
who developed POU after trauma. Persistent opioid use was
defined a priori as any additional pharmacy claims for 1 or more
opioid prescriptions between 91 and 365 days from the index
date. This definition was adopted from a previous consensus on
POU definitions and a meta-analysis evaluating POU definitions
with a balance of sensitivity and specificity to identify individuals
who may develop opioid misuse.'®1"

2.5. Data analysis

Continuous data were classified into clinically meaningful
categories as determined by the study team and advisory
committee. Bivariate logistic regression was used to examine
the association between each risk factor and POU. We used
a multivariable logistic regression model to examine the in-
dependent associations between various potential risk factors
and POU following trauma, focusing on cases with complete
data. All 25 identified potential risk factors were incorporated into
the model simultaneously. No potential risk factor was omitted
from our final analysis, allowing for a comprehensive evaluation of
their individual impacts on POU. We have reported results using
adjusted odds ratios (aORs) and 95% confidence interval (Cl). We
set the significance threshold at P < 0.05 (2-sided), with no
correction for multiple testing. While all identified risk factors were
reported, we specifically emphasized the 10 with the highest
aORs in the multivariable analysis for detailed interpretation and
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discussion. These included initial opioid characteristics and
ethnicity, as these were predetermined to be of particular interest.
This strategy enabled a comprehensive presentation of the
findings while highlighting the most significant associations with
POU following trauma.

Data were linked using SQL, and all analyses were done using
SPSS version 28 (IBM Corp., Armonk, NY). We have summarised
the study design in Figure 1.

2.6. Subgroup analysis

We undertook 3 analyses on the following subgroups to identify
whether the effects of the main risk factors from the primary
analysis differed between subgroups: (1) age <30 years, 30 to
64 years, and =65 years, (2) Maori and non-Maori, and (3) weak,
strong, and multiple opioids.

2.7. Sensitivity analysis

We performed 3 sensitivity analyses to assess the impact of
altering the outcome definition and cohort selection criteria on the
incidence and risk factors for POU. The POU definitions for our
sensitivity analyses differ from those stated in our published
protocol,'® to align more closely with the latest literature and
findings in the field of posttrauma opioid use.

(1) The wash-out period for pretrauma opioid use was extended
from 180 days to 365 days.

(2) The definition of POU was altered to any dispensing between
91 and 180 days to allow comparison with other studies in the
literature.?*3°

(8) A continuity criterion was added between opioid dispensing to
our definition of primary POU (any opioid dispensing between
91 and 365 days) by allowing no less than 45 days between
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each opioid dispensing from the initial prescription date. This

will allow for comparison to other opioid studies with more

conservative definitions of POU where continuous use of

opioids is required after discharge.'®

An additional sensitivity analysis was undertaken using the
same cohort selection and outcome definition of the primary
analysis with ethnicity as a dichotomous variable, comparing
Maori with all other ethnicity groups (non-Maori).

3. Results
3.1. Study cohort characteristics

During the study period, 884,186 patients were admitted to any
NZ hospital with a diagnosis of trauma, and 260,840 (29.5%)
were dispensed opioids within 7 days postdischarge. Following
the application of our exclusion criteria, 177,200 patients were
included in this study (Fig. 2). Table 1 presents their baseline
characteristics. Most patients were dispensed a nonopioid
analgesic on discharge (89.6%), and codeine was the most
frequently dispensed opioid after trauma (48.2%). Nearly 1 in 3
patients (29.1%) were dispensed 100 to 250 mg OME doses of
opioids (29.1%) after discharge. A small portion of patients were
dispensed a slow-release opioid preparation (8.1%) or switched
to different opioids within 90 days after discharge (7.4%).

3.2. Principal analyses

Among all trauma patients included in the primary analysis (n =
177,200), 27,060 (15.3%) were identified as having POU after
trauma. In our bivariate logistic regression analyses, several
opioid exposure risk factors were associated with increased risk
of POU. These included switching to different opioid types within
the first 90 days (OR 3.15; 95% CI 3.03-3.27), being discharged

Hospital discharge date for trauma (index date)

Exclusion assessment window
Opioid use disorder, days [-365, 0]

Opioid use history, days [-180, 0]
History of trauma, days [-365, 0]

Covariate assessment window

Day 0
Exclusion criteria assessment window
Recurrent trauma or death, days [0, 365]

Posttrauma nonopioid analgesic use
assessment, days [0, 7]

Sociodemographics and index trauma characteristics,

days [0, 0]

Covariate assessment window
Prior hospitalization, days [-365, 0]

Covariates assessment window

Comorbidities and pretrauma medication use, days [-365, 0]

Comorbidity burden (M3 index), year [-5, 0]

Index opioid exposure assessment window,
days [0, 7]

New persistent opioid use* assessment window
Primary analysis, days [91, 365]
Sensitivity analysis, days [91, 180]

Time

*Criteria for new persistent opioid use (primary analysis)
No opioid use within 180 days before trauma event
At least 1 opioid dispensing within 7 days after trauma
» Atleast 1 opioid dispensing within 91-365 days after trauma

Figure 1. Schematic presentation of the study timeline and new persistent opioid-use criteria.
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Trauma cohort 2007-2019
(n=884,186)

Exclusions:

- No opioid dispensed within 7 days (n=

623,346)

Patients dispensed with opioids within 7 days after
trauma

2007-2019
(n=260,840)

Exclusions:

OR
- Opioid use disorder (n=198)

- Previous opioid use (n=50,770)

Opioid naive patients dispensed with opioids 7 days
after trauma

2007-2019
(n=209,872)

Exclusions:

OR

- Recurrent trauma during follow-up (n=

- Died 365 days after trauma (n= 3,807)

28,865)

Included in the final analysis:

Opioid-naive patients dispensed with opioids 7 days
after trauma

2007-2019
(n=177,200)

Figure 2. Cohort selection process of opioid-naive trauma patients included in the final analysis.

with oxycodone (OR 1.90; 95% CI 1.79-2.02), having a total OME
on initial prescription >400 mg (vs <100 mg, OR 1.49; 95% ClI
1.82-1.98), and receiving any slow-release opioid preparation
(OR 1.90; 95% CI 1.82-1.98). Receiving any nonopioid analgesic
on discharge was not significantly associated with POU (Table 1).
In the multivariable logistic regression, initial opioid characteristics
that were positively associated with POU included switching to
different opioid types (@OR 2.62; 95% ClI 2.51-2.73), being
dispensed multiple opioid types (vs codeine alone, aOR 1.44; 95%
Cl 1.37-1.53), slow-release opioid formulation (@OR 1.32; 95% ClI
1.26-1.39), and a higher total OME (>400 mg) on the initial
prescription (vs <100 mg, aOR 1.26; 95% Cl 1.20-1.33). In addition,
ethnic minorities had lower odds of POU compared with European
patients: Asian (@OR 0.79; 95% CI 0.74-0.85), Pacific (aOR 0.83;
95% CI 0.78-0.89), and Maori (aOR 0.96; 95% CI 0.92-0.99).

Other factors associated with increased odds of POU included
high comorbidity burden (M3l =1 vs 0: aOR 1.60; 95% CI 1.50-
1.71), pretrauma nonopioid analgesics use (@OR 1.59; 95% CI
1.55-1.64), multiple trauma sites (vs upper limb, aOR 1.56; 95%
Cl 1.36-1.78), and smoking (@aOR 1.42; 95% CI 1.33-1.51). In
addition, a notable finding was undergoing surgery during trauma
admission was negatively associated with POU (aOR 0.88; 95%
Cl10.85-0.91).

See Table 1 for the primary analysis of results and Figure 3 for
the forest plot of factors associated with POU.

3.3. Subgroup and sensitivity analysis

Subgroup analyses by age and ethnicity yielded results similar to
the primary analysis. However, in the subgroup analysis by opioid
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Baseline characteristics and risk factors for persistent opioid use among opioid-naive trauma patients.
Predictors N (%) Bivariate LR Multivariable LR*
Unadjusted OR (95% Cl) P Adjusted OR (95% Cl) P
Index opioid prescription characteristics
Opioid type
Codeine 85,369 (48.2) Reference Reference
Tramadol 55,109 (31.1) 1.14 (1.11-1.18) <0.001 1.03 (0.99-1.08) 0.111
Morphine 10,692 (6.0) 1.66 (1.58-1.75) <0.001 1.03 (0.97-1.09) 0.344
Multiple 17,944 (10.1) 1.82 (1.75-1.90) <0.001 1.44 (1.37-1.53) <0.001
Oxycodone 7277 (4.1) 1.90 (1.79-2.02) <0.001 1.06 (0.98-1.13) 0.131
Others 809 (0.5) 1.93 (1.63-2.28) <0.001 1.05 (0.87-1.26) 0.624
Total OMEs (mg)t
<100 46,631 (26.3) Reference Reference
100-250 51,640 (29.1) 1.11 (1.07-1.15) <0.001 1.08 (1.03-1.12) <0.001
251-400 35,193 (19.9) 1.17 (1.12-1.22) <0.001 1.11 (1.06-1.16) <0.001
>400 42,504 (24.0) 1.49 (1.43-1.54) <0.001 1.26 (1.20-1.33) <0.001
Slow-release opioid preparation 14,283 (8.1) 1.90 (1.82-1.98) <0.001 1.32 (1.26-1.39) <0.001
Switched opioid type 13,094 (7.4) 3.15(3.03-3.27) <0.001 2.62 (2.51-2.73) <0.001
Dispensed nonopioid analgesics on discharge 158,782 (89.6) 0.97 (0.93-1.01) 0.145 0.98 (0.94-1.03) 0.363
Sociodemographics
Femalet 72,394 (40.9) 1.35 (1.31-1.39) <0.001 1.12 (1.09-1.15) <0.001
Age group (y)
<30 57,884 (32.7) Reference Reference
30-64 88,800 (50.1) 1.66 (1.61-1.71) <0.001 1.26 (1.22-1.31) <0.001
=65 30,516 (17.2) 1.99 (1.91-2.07) <0.001 1.14 (1.09-1.19) <0.001
Ethnicity§
European 122,457 (69.1) Reference Reference
Asian 9358 (5.3) 0.74 (0.69-0.78) <0.001 0.79 (0.74-0.85) <0.001
Pacific 9822 (5.5) 0.77 (0.73-0.82) <0.001 0.83 (0.78-0.89) <0.001
Maori 27,577 (15.6) 0.89 (0.86-0.92) <0.001 0.96 (0.92-0.99) 0.045
Other 2112 (1.2) 0.96 (0.86-1.09) 0.543 1.01 (0.89-1.14) 0.897
Deprivation indexll
Quintile 1 36,381 (20.5) Reference Reference
Quintile 2 35,404 (20.0) 1.05 (1.00-1.09) 0.033 1.05 (1.01-1.10) <0.001
Quintile 3 34,543 (19.5) 1.09 (1.04-1.13) <0.001 1.08 (1.04-1.13) 0.030
Quintile 4 34,292 (19.4) 1.15 (1.11-1.20) <0.001 1.15 (1.11-1.21) <0.001
Quintile 5 34,144 (19.3) 1.12 (1.08-1.17) <0.001 1.17 (1.12-1.23) <0.001
Region of admissionq
Region 1 18,254 (10.3) Reference Reference
Region 2 24,219 (13.7) 1.00 (0.95-1.06) 0.942 1.18 (1.11-1.25) <0.001
Region 3 15,402 (8.7) 1.07 (1.01-1.14) 0.029 1.06 (0.99-1.13) 0.097
Region 4 17,676 (10.0) 1.05 (0.99-1.12) 0.088 1.05 (0.98-1.12) 0.146
Region 5 15,967 (9.0) 1.12 (1.06-1.19) <0.001 1.25(1.17-1.33) <0.001
Region 6 49,537 (28.0) 1.12 (1.06-1.17) <0.001 1.11 (1.05-1.17) <0.001
Region 7 9216 (5.2) 1.16 (1.08-1.24) <0.001 1.17 (1.08-1.26) <0.001
Region 8 8453 (4.8) 1.14 (1.06-1.23) <0.001 1.01 (0.93-1.09) 0.848
Region 9 17,909 (10.1) 1.18 (1.11-1.25) <0.001 1.08 (1.01-1.15) 0.018
No. of prior hospitalisation
None 109,567 (61.8) Reference Reference
1 52,408 (29.6) 1.21 (1.18-1.25) <0.001 1.07 (1.04-1.10) <0.001
>1 15,225 (8.6) 2.06 (1.98-2.15) <0.001 1.25(1.19-1.31) <0.001
Index trauma characteristics
Site of injury
Upper limb 61,459 (34.7) Reference Reference
Head/neck 23,480 (13.3) 1.21 (1.16-1.26) <0.001 1.12 (1.07-1.17) <0.001
Lower limb 53,204 (30.0) 1.39 (1.34-1.43) <0.001 1.18 (1.14-1.22) <0.001
Thorax 15,400 (8.7) 1.36 (1.30-1.43) <0.001 0.95 (0.90-1.01) 0.082
Abdomen 21,295 (12.0) 1.67 (1.60-1.74) <0.001 1.23 (1.17-1.28) <0.001
Multiple 1263 (0.7) 2.55 (2.25-2.90) <0.001 1.56 (1.36-1.78) <0.001
Others 1099 (0.6) 1.86 (1.60-2.15) <0.001 1.40 (1.20-1.64) <0.001
Length of stay (d)
0 47,724 (26.9) Reference Reference
1 43,090 (24.3) 0.81 (0.78-0.84) <0.001 0.87 (0.84-0.91) <0.001
>1 86,386 (48.8) 1.22 (1.19-1.26) <0.001 1.10 (1.06-1.14) <0.001
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Predictors N (%) Bivariate LR Multivariable LR*
Unadjusted OR (95% Cl) P Adjusted OR (95% Cl) P

Year of admission

2007-2011 55,290 (31.2) Reference Reference

2012-2015 61,239 (34.6) 1.29 (1.25-1.33) <0.001 1.19 (1.15-1.24) <0.001

2016-2019 60,671 (34.2) 1.31 (1.26-1.35) <0.001 1.21 (1.17-1.26) <0.001
Underwent surgery 66,376 (37.5) 0.69 (0.67-0.71) <0.001 0.88 (0.85-0.91) <0.001

Comorbidities

Psychiatric disorders 21,236 (12) 2.03 (1.96-2.10) <0.001 1.21 (1.15-1.28) <0.001
Chronic pain 1914 (1.1) 2.46 (2.23-2.72) <0.001 1.33 (1.20-1.48) <0.001
Cancer 2763 (1.6) 1.83 (1.68-2.00) <0.001 0.93 (0.84-1.02) 0.108
CKD or liver disease 1471 (0.8) 2.21 (1.97-2.47) <0.001 1.09 (0.96-1.24) 0.159
Alcohol misuse 2453 (1.4) 1.24 (1.12-1.38) <0.001 0.83 (0.74-0.94) 0.002
Smoking 5406 (3.1) 1.94 (1.82-2.06) <0.001 1.42 (1.33-1.51) <0.001
M3 index

0 146,635 (82.8) Reference Reference

0.01-<1 24,201 (13.7) 1.81 (1.75-1.87) <0.001 1.27 (1.22-1.32) <0.001

=1 6364 (3.6) 2.68 (2.53-2.83) <0.001 1.60 (1.50-1.71) <0.001

Pretrauma medication use

Nonopioid analgesics 71,826 (40.5) 2.05 (1.99-2.10) <0.001 1.59 (1.55-1.64) <0.001
Psychotropics 10,919 (6.2) 2.14 (2.05-2.24) <0.001 1.11 (1.05-1.18) <0.001
Hypnotics 16,773 (9.5) 2.12 (2.04-2.20) <0.001 1.33 (1.27-1.39) <0.001

* 169,267 patients are included in the final analysis.

1 Initial opioid OME is missing for 1232 (0.7%).

¥ Sex is missing for 1 case (<0.1%).

§ Ethnicity is missing for 5874 cases (3.3%).

|l Deprivation index is missing for 2436 cases (1.4%).

9 Region of admission is missing for 567 cases (0.3%).

Cl, confidence interval; LR, logistic regression; OME, oral morphine equivalent; OR, odds ratio.

type, particularly for patients dispensed with multiple opioids,
higher OME doses of initial opioid prescription were no longer
a significant risk factor.

In the sensitivity analysis where the pretrauma opioid-use
wash-out period was extended from 180 to 365 days, the rate of
POU reduced to 14.3%, but the risk factors identified were similar
to those in the primary analysis. In the second sensitivity analysis,
where POU was defined as any opioid dispensing between 91
and 180 days, the POU rate dropped to 7.9%. In this scenario,
being dispensed a nonopioid analgesic at discharge was
inversely associated with POU (aOR 0.94; 95% CI 0.89-0.99).
In addition, the odds ratio of POU was significantly higher among
older (=65 yrs.) compared with younger patients (<30 years)
(@OR 1.48; 95% CI 1.39-1.57). In the third sensitivity analysis,
when a continuity criterion was introduced to the POU definition,
the POU rate further reduced dramatically to 0.8%. In this
context, age over 65 (aOR 3.07; 95% CI 2.47-3.80) and having
more than 1 hospitalisation within 1 year before the index date (vs
none aOR 1.79; 95% CI 1.51-2.11) were associated with an
increased odd of POU. In the final sensitivity analysis, with
ethnicity treated as a dichotomous variable, no significant
difference in POU risk was observed between Maori and non-
Maori patients.

See Supplementary Section Tables 5-11 (available at http://
links.lww.com/PAIN/C88) for the results of subgroup and
sensitivity analyses.

4. Discussion

This is one of the largest studies to date that investigates the
incidence and risk factors for POU in opioid-naive trauma patients
and the first study of its kind in NZ. In a recent meta-analysis, POU
incidence was reported as 10.6% among general patients and
5.7% in patients comparable with this study, although the meta-
analysis was limited to the outpatient setting.?® However, our

primary analysis showed that 15.3% of opioid-naive trauma
patients dispensed opioids within 7 days of hospital discharge
developed POU. This higher incidence is reflective of our specific
POU definition, which includes both initial opioid exposure
posttrauma and subsequent prescriptions between 91 and 365
days. We adopted this definition for its enhanced sensitivity in
potentially capturing patients at risk of opioid misuse,'® as
opposed to more conservative definitions used by the CONsor-
tium to Study Opioid Risks and Trend®* or definitions focusing on
dispensing between 91 and 180 days postdischarge.>%®
However, the broader time frame in our primary analysis, while
increasing sensitivity, may also inadvertently include patients
whose opioid use was not directly linked to their trauma,
potentially overestimating POU incidence. To address this, we
undertook sensitivity analyses with alternative definitions, in-
dicating POU rates of 7.9% and 0.8%, thus allowing for more
accurate comparisons with existing literature.

Our study specifically focused on potentially modifiable risk
factors related to initial opioid exposure, unlike previous studies
that predominantly focused on patient demographics and
trauma-specific risk factors for POU.%%° A small proportion of
patients switched between different opioid types postdischarge
and the switching of opioids is associated with increased risk of
POU. This may reflect the complexities of managing trauma-
induced pain in some patients or indicate the occurrence of
analgesic-related adverse reactions, thereby potentially prolong-
ing opioid exposure. Furthermore, our findings showed that
prescribing multiple opioids postdischarge is associated with
a higher risk of POU. This practice may indicate the presence of
complex or poorly controlled pain, and when compounded with
posttrauma distress can potentially result in ongoing opioid
use."®33 In addition, this is in contrast to the findings for specific
individual opioids (eg, oxycodone), which were associated with
higher rates of POU than codeine in univariate analyses but not
when adjusted for other factors. The observed association
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Figure 3. Factors associated with persistent opioid use among opioid-naive trauma patients. Twenty-three of the 25 risk factors were plotted, and year of
admission and region of admission were omitted from the figure. OME, oral morphine equivalent.

between prescribing multiple opioids and subsequent POU may
be due to unmeasured confounding variables, which warrants
further investigation. In this study, the use of slow-release opioid
formulation was also significantly associated with nearly doubling
the risk of POU. This echoes another retrospective study from the
United States across various injury types, where slow-release
opioid preparation was shown to be associated with triple the risk
of POU (aOR 3.01; 95% Cl 2.16-4.20).° In general, slow-release
opioid formulations have been shown to be associated with harm
for acute pain management including increased risk of hyper-
algesia.?® Our findings reinforce the recommendation to limit
these formulations in managing acute pain. Last, the observed
correlation between higher total OME at discharge and increased
POU risk in this study aligns with existing literature.®*°

Our analysis revealed that Asians, Pacific Peoples, and Maori
had lower odds of POU compared with Europeans. This
difference likely arises from a range of complex factors warranting
further investigation. Cultural attitudes towards pain manage-
ment and opioid use, for example, may contribute to these
differences, with Asian, Pacific Peoples, and Maori communities
potentially favoring nonopioid pain relief methods or traditional

healing practices.'® Furthermore, access to health care and
opioids, which can be influenced by socioeconomic status,
healthcare provider biases, or geographic resource distribution,
might also play a crucial role. A deeper understanding of these
nuanced distinctions is essential for crafting interventions aimed
at minimising POU risk among diverse ethnic groups. For other
clinically important risk factors, higher comorbidity was associ-
ated with a 60% increase in the risk of POU, which was similar to
previous studies (@OR 1.63; 95% Cl 1.27-2.08, P < 0.001).%% A
point of difference between this study and others is the use of
different comorbidity indices; in our study, we opted to use the
M3l instead of Charlson or Elixhauser comorbidity indices as used
by other international studies.®2%3% The M3l is substantially
different to the other comorbidity indices as it includes 55
comorbidities, far greater than Charlson or Elixhauser. The M3l
has also been validated using the same databases as this
study.®® Thus, it may have increased sensitivity in capturing the
overall comorbidity burden in the NZ population. Patients with
prior use of nonopioid analgesics were also a significant risk factor
for POU in our study. It may be that nonopioid analgesic use
represents preexisting pain disorders that have not been
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managed by opioids. Our finding on smoking associated with
increased risk of POU was consistent with other trauma
studies.>"?® This underscores the need to further explore the
relationship between smoking and opioid use after trauma. Last,
we found that patients who underwent surgery during their
trauma admission had lower odds of POU. A previous study also
found that surgical treatment after trauma had a negative
association with POU, but it was not significant (2OR 0.79; 95%
Cl 0.60-1.04).2% This finding suggests that the surgical in-
tervention or the postoperative care process may alter opioid-
use trajectories.

This study has several limitations. As with other pharmacoe-
pidemiological studies, the limitations are intrinsic to the
retrospective nature of this study. There is significant residual
confounding due to a lack of data on the indication for opioid use,
opioid use during hospital admission, pain scores, injury severity,
postdischarge follow-ups, and primary care diagnoses. Specif-
ically, the absence of primary care diagnoses in NZ Ministry of
Health databases might result in an underestimation of comor-
bidities in our cohort. Our decision to exclude codeine
combination products, which are available over the counter and
hence not fully captured in our dataset, could further un-
derestimate POU incidence. We also did not include patients
with recurrent trauma in the year after the event, so the results
may not be generalisable to patients with hospital readmissions
for trauma within 1 year. This decision was necessary as
subsequent readmission for trauma is a significant confounder
for continued opioid use and can risk patients being misclassified
as having incident POU. In addition, our study employed
a prioritised ethnicity classification in line with the NZ healthcare
system. This differs from international practices, affecting the
comparability of our results with international literature. Last,
although the opioid exposure risk factors were considered
modifiable, they may reflect appropriate prescribing for some
patients. Thus, adequate levels of analgesia should always be
provided in response to the clinical setting to prevent oligoanal-
gesia, which may also lead to adverse outcomes.?”

In this population-based NZ cohort study, 1 in 7 opioid-naive
patients who were acutely exposed to opioids after trauma
became persistent opioid users. Our findings highlight specific
factors that may be associated with POU. These include
switching of different opioid types during the first 90 days of
discharge, use of any slow-release opioid formulations, pre-
scribing of multiple opioids, and supply of larger total doses of
opioids on discharge. Clinicians should consider these factors
and their association with POU when continuing opioids
posttrauma on discharge from the hospital.
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