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Abstract: Unique aspects of New Zealand’s (NZ) health system allow for a novel pharmacoepidemi-
ologic approach to conducting population-based clinical research. A defined cohort of surgical and
trauma patients would facilitate future studies into opioid utilisation, outcomes, and other questions
related to surgery and trauma. We aimed to describe all patients admitted to a NZ hospital with
trauma or to undergo surgery between 1 January 2007 to 31 December 2019. This was a retrospective
population-based study involving all hospital centres in NZ. We excluded patients with hospitalisa-
tion episodes for surgery or trauma one year before the event. We identified 1.78 million surgical
only patients, 633,386 trauma only, and 250,800 trauma with surgery patients. Trauma only patients
had the highest prevalence of death within one year of event (17.8%), history of opioid dispensing
(18.3%), mental health disorders (17.0%) and chronic pain (2.3%). Moreover, trauma patients also
had the highest prevalence of those with higher comorbidity burden. We plan to use this dataset for
future research into the prevalence and outcomes of persistent opioid use, and to make our dataset
available to other researchers upon request. Our findings of significant differences between cohorts
suggest studies should treat surgical and trauma patients separately.
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1. Introduction

Research on the use and adverse outcomes of opioids is an emerging theme in devel-
oped countries [1-7]. Surgical and trauma patients have been a focal point in international
studies on opioid use, mostly from the United States (US) [1,8,9]. These patients are rou-
tinely prescribed opioids for pain after hospitalisation so are at high risk of becoming
opioid-dependent. Opioid dependence and the harm directly and indirectly associated
with this are a major public health problem in many countries [10,11]. However, in New
Zealand (NZ), little is known about the extent of this problem. Therefore, we are interested
in studying the utilisation and associated adverse outcomes of opioids after surgery and
trauma in this country. One way of doing this would be through the retrospective analysis
of large datasets collected for administrative or other purposes, but such datasets are not
available in all regions of the world.
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In NZ, public hospital admissions are fully funded by the government for all NZ
citizens, permanent residents, and certain work visa holders. 100 percent of public and
90 percent of private hospitalisations are reported to the Ministry of Health (MoH), which
maintains almost a fully representative national data set [12]. Each patient is assigned a
unique National Health Index (NHI) number when admitted to a private or public hospital,
visits a primary health physician, or is dispensed with a subsidised medication from any
community pharmacy. The MoH encrypts all NHIs to ensure patients’ privacy when
using these data for statistical purposes to report on the health of the NZ population [13].
The encrypted NHI allows for data linkage across different datasets for research. The
availability of these data allows a relatively novel pharmacoepidemiologic approach to be
taken to study many influences on healthcare outcomes, including the impact of opioid
prescribing [14].

The purpose of our current study was to use routinely collected health data from the
NZ MoH to identify and describe a cohort of patients admitted to any NZ hospital for
trauma or to undergo a surgical procedure between 1 January 2007 to 31 December 2019.
We aimed to describe key characteristics of these cohorts including sociodemographic and
clinical factors, baseline comorbidities and the use of opioids before surgery or trauma. We
aim to then use the surgical and trauma cohorts separately in future research to investigate
the prevalence and outcomes of persistent opioid use after surgery and trauma in NZ.
The demonstration that it is feasible to identify and collect considerable information on
large cohorts of patients admitted to NZ hospitals for surgery or trauma, and access to our
methods and datasets (upon request- see data sharing statement), may also be of interest to
other investigators and other stakeholders for research into various aspects of surgery and
trauma in NZ [14].

2. Results

Between 2007-2019, we identified 1.78 million surgical only patients, 633,386 trauma
only, and 250,800 trauma with surgery. We excluded 133,873 patients from the surgical
cohort and 2468 patients from the trauma cohort (see Figure 1).

Patient characteristics of all three cohorts are shown in Table 1, and patient comorbidity
in Table 2.

For the surgical only cohort variables of ASA and surgical urgency (p < 0.001), only
half of the patients had an ASA score documented: 415,926 patients (23.2%) had an ASA
score of one, 365,440 (20.4%) of two, 98,031 (5.5%) three and 16,181 (0.9%) four. The urgency
of the surgery for the surgical only cohort was elective for 191,066 patients (10.7%) and
acute for 1,598,341 patients (89.3%).
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Table 1. Baseline sociodemographic and event data.

2007-2019 Surgical

2007-2019 Trauma Only

2007-2019 Trauma

Variables Only (Non-Trauma) (without Surgery) with Surgery p-Value
n =1,789,407 (%) n = 633,386 (%) n = 250,800 (%)
Age
<30 548,205 (30.6) 221,163 (34.9) 132,338 (52.8)
30-64 882,280 (49.3) 221,032 (34.9) 82,270 (32.8) <0.001
65+ 358,922 (20.1) 191,191 (30.2) 36,192 (14.4)
Male 776,127 (43.4) 343,738 (54.3) 155,381 (62.0) <0.001
Ethnicity
European 1,231,180 (68.8) 421,963 (66.6) 149,752 (59.7)
Maori 242,257 (13.5) 107,718 (17.0) 49,319 (19.7)
Pacific 107,129 (6.0) 44,016 (6.9) 21,737 (8.7)
Asian 156,922 (8.8) 33,026 (5.2) 15,312 (6.1) <0.001
MELAA ! 24,758 (1.4) 6691 (1.1) 2693 (1.1)
Other 2778 (0.2) 634 (0.1) 238 (0.1)
Unknown 24,383 (1.4) 19,338 (3.1) 11,749 (4.7)
Deprivation quintile
1 251,414 (19.6) 103,841 (16.4) 43,433 (17.3)
2 351,340 (19.6) 111,857 (17.7) 44,627 (17.8)
3 352,649 (19.7) 119,140 (18.8) 45,658 (18.2) <0.001
4 360,965 (20.2) 131,988 (20.8) 29,369 (19.7)
5 363,093 (20.3) 156,260 (24.7) 61,975 (24.7)
Unknown 9946 (0.6) 10,300 (1.6) 5738 (2.3)
Domicile region
Auckland 315,911 (17.7) 119,121 (18.8) 43,596 (17.4)
Canterbury 217,016 (12.1) 61,069 (9.6) 25,098 (10.0)
Counties Manukau 155,893 (8.7) 56,842 (9.0) 25,267 (10.1)
Waikato 134,854 (7.5) 52,718 (8.3) 22,206 (8.9)
Waitemata 132,576 (7.4) 49,075 (7.7) 18,014 (7.2) <0.001
Capital and Coast 125,133 (7.0) 36,826 (5.8) 14,375 (5.7)
Otago 95,923 (5.4) 33,893 (5.4) 12,727 (5.1)
Bay of Plenty 93,013 (5.2) 32,855 (5.2) 12,515 (5.0)
Others 503,671 (28.1) 178,472 (28.2) 69,459 (27.7)
Unknown 15,417 (0.9) 12,515 (2.0) 7543 (3.0)
Region of facility
Auckland 239,174 (13.4) 81,563 (12.9) 33,040 (13.2)
Canterbury 167,005 (9.3) 59,973 (9.5) 25,998 (10.4)
Counties Manukau 136,637 (7.6) 74,838 (11.8) 38,443 (15.3)
Waitemata 135,534 (7.6) 68,507 (10.8) 15,725 (6.3)
Waikato 131,516 (7.3) 57,866 (9.1) 24,798 (9.9) <0.001
Capital and Coast 111,638 (6.2) 34,923 (5.5) 11,228 (4.5)
Otago 88,385 (4.9) 45,086 (7.1) 18,077 (7.2)
Bay of Plenty 52,761 (3.5) 31,818 (5.0) 12,227 (4.9)
Others 362,318 (20.2) 176,633 (27.9) 69,771 (27.8)
Unknown 354,439 (19.8) 2179 (0.3) 1493 (0.6)
Length of stay
<1 day 776,406 (43.4) 269,878 (42.6) 55,080 (22.0)
1 day 381,028 (21.3) 147,142 (23.2) 67,566 (26.9) <0.001
1+ days 631,973 (35.3) 216,366 (34.2) 128,154 (51.1)
Death within one year 2 164,005 (9.2) 112,918 (17.8) 22,027 (8.8)

1 Middle Eastern/Latin America/African; 2 Date of death missing for 121 surgical only patients.
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Table 2. Comorbidities and prior opioid use.

2007-2019 Surgical 2007-2019 Trauma Only 2007-2019 Trauma
Variables Only (Non-Trauma) (without Surgery) with Surgery p-Value
n =1,789,407 (%) n= 633,386 (%) n = 250,800 (%)
History of opioid dispensing 241,645 (13.5) 116,665 (18.3) 22,263 (8.9) <0.001
Hypertension 241,693 (13.5) 114,890 (18.1) 18,005 (7.2) <0.001
Congestive heart failure 58,832 (3.3) 56,240 (8.9) 6644 (2.6) <0.001
Chronic obstructive 33,136 (1.9) 22,953 (3.6) 3106 (1.2) <0.001
pulmonary disease
Asthma 218,137 (12.2) 76,956 (12.2) 20,621 (8.2) <0.001
Diabetes mellitus 108,318 (6.1) 46,930 (7.4) 6814 (2.7) <0.001
Mental health disorders 190,999 (10.7) 107,669 (17.0) 19,677 (7.8) <0.001
Chronic Pain 13,029 (0.7) 14,338 (2.3) 669 (0.3) <0.001
Osteoarthritis ! 3575 (0.2) 7132 (1.1) 187 (0.1) <0.001
Smoking 2 48,544 (2.7) 17,255 (2.7) 4044 (1.6) <0.001
Chronic kidney disease 13,456 (0.8) 14,415 (2.3) 986 (0.4) <0.001
Cancer-malignant 1 14,615 (0.8) 18,323 (2.9) 662 (0.3) <0.001
Cancer-benign ! 6028 (0.3) 6508 (1.0) 188 (0.1) <0.001
Charlson Score
0 1,665,128 (93.1) 524,684 (82.8) 238,487 (95.1)
1 45,752 (2.6) 28,641 (4.5) 4426 (1.8) <0.001
2+ 78,527 (4.4) 80,061 (12.6) 7887 (3.1)
M3 Index
0 1,511,561 (84.5) 445,670 (70.4) 226,357 (90.3)
Oto<l 223,856 (12.5) 122,972 (19.4) 18,233 (7.3) <0.001
1+ 53,990 (3.0) 64,744 (10.2) 6210 (2.5)

1 1dentified from hospital diagnosis only; ? Identified from pharmaceutical dispensing only; We also extracted
the following comorbidities with a prevalence of less than 1.0% (p < 0.001) across all three cohorts: sleep
apnoea, chronic pain, obesity, chronic liver disease, previous history of opioid use disorder or overdose, and
alcohol misuse.

Surgical cohort 2007-2019 Trauma cohort 2007-2019

(n=2174080) (n=886654)

Patient excluded: Patient excluded:

- Surgery in the year prior (n=133873) &= -Trauma in the year prior
-Admitted due to trauma (n=250800) (n=2468)

Surgical only Trauma with surgery

Trauma only (n=633386) (n=250800)
(n=1789407)

Figure 1. Patient Selection.
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Amongst the patient characteristics, there were variables with significant differences
across the three cohorts. For age, more than half of the patients were <30 years old in the
trauma with surgery group (52.8%). Patients of Maori ethnicity had higher prevalence
in the trauma only (17.0%) and trauma with surgery group (19.7%) compared to surgical
only patients (13.5%). Auckland was the domicile region with the highest prevalence of
admission, with rates of 18.8% for trauma only patients, 17.7% for surgical only patients
and 17.4% for trauma with surgery patients. More than half (51.1%) of the trauma with
surgery patients had a length of stay of longer than one day. Trauma only patients had the
highest prevalence of death within one year of event (17.8%) and pre-trauma history of
opioid dispensing (18.3%). Amongst the comorbidities, trauma only patients also seemed
to be overrepresented in most categories including: hypertension (18.1%), congestive heart
failure (8.9%), COPD (3.6%), diabetes mellitus, mental health disorders (17.0%), chronic
pain (2.3%), osteoarthritis (1.1), chronic kidney disease (2.3%), previous history of cancer
with either malignant diagnostic codes (2.9%) or benign diagnostic codes (1.0%). However,
most of the patients across the three cohorts did not have comorbidities as calculated using
either the Charlson and M3 Index.

3. Method
3.1. Study Design

This retrospective descriptive study aimed to identify and characterise all patients
admitted to any NZ hospital for trauma or surgery. Data were extracted and linked
across multiple routinely collected health datasets administered by the MoH. Data ac-
cess was approved by the Auckland Health Research Ethics Committee (AH1159). The
cohort is linked with the Australian New Zealand Clinical Trials Registry (ANZCTR):
ACTRN12620000924954.

3.2. Data Sources

Data for surgical and trauma patients were accessed from national healthcare datasets:
the National Minimum Dataset for Hospital Events (NMDS), the Pharmaceutical Collection
(PHARMS), the Mortality Collection (MORT), the National Health Index (NHI) database
and the Primary Health Organisation Enrolment Collection (PHO).

The NMDS contains information on public and privately funded New Zealand hospital
admissions [15]. Data in the NMDS includes all patient hospitalisation episodes and
discharge diagnoses recorded and coded using the International Statistical Classification of
Diseases and Related Health Problems, Tenth Revision, Australian Modification (ICD-10-
AM) [16]. The NMDS uses the Australian Classification of Health Interventions (ACHI) to
code surgical procedures.

The PHARMS database contains claim and payment information for all subsidised
medications dispensed in community pharmacies [17]. This includes the date of dispensing,
the generic name of the chemical dispensed, its formulation, the quantity prescribed, and
the duration of supply where this is recorded. A ‘Chemical ID’ and a ‘Formulation ID” are
available to indicate both the medication and formulation dispensed. Data from PHARMS
are available from 2006.

The MORT database contains the date of death and cause of death based on the
coroner’s report; there is a one year delay in reporting the date of death and two years for
the cause of death due to the timeframe of the coronial process [18]. The PHO and NHI
databases provide sociodemographic and health utilisation data on patients, including
their domicile region [13,19].

We chose the dates 1 January 2007 to 31 December 2019 for this study due to limitations
in data availability. At the time of study inception, mortality data were only available up to
2020, and PHARMS data were only reliable from 2006 [20]. See Supplementary section for
full data variable definitions of variables extracted.
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3.3. Surgical and Trauma Cohorts

Patients in the trauma cohort were identified from primary ICD-10-AM diagnostic
codes indicating trauma of the Head (500-509), Neck (510-519), Thorax (S20-S29), Abdomen
(S30-S39), Shoulder (S40-549), Elbow (S50-S59), Wrist (560-569), Thigh (570-579), Knee
(580-589), Ankle (S90-599), Multiple (T00-T07) and unspecified (T08-T14).

For the surgical cohort, patients were identified from ACHI procedures codes recorded
by each NZ hospital. Procedures are grouped within three levels of hierarchy, the first being
the organ system, the second being the type of procedure given a ‘block’ code, and lastly, the
specific method of the procedure given a procedure code. For example, Laparotomy is given
a ‘block’ code of [985], and ‘exploratory laparotomy’ a specific procedure code of 30373-800
[985], as opposed to ‘postoperative reopening of laparotomy site” code 3039-300 [985].

The cohort entry date was the first date of hospital discharge, where this occurred
between 1 January 2007 and 31 December 2019. In the surgical cohort we excluded patients
who had a surgical event in the year prior to cohort entry to avoid patients whose procedure
may have been consequent to previous history of surgery, either in a planned process of
staged procedures or in response to complications of a prior procedure. For the trauma
cohort we also excluded those with trauma events in the year prior to cohort entry to avoid
patients whose trauma event may have been related to previous history of trauma, such
as complications related to trauma. The full list of diagnostic and procedure codes used
to identify patients is available from our previously published study protocol [20]. We
placed no restrictions regarding age on patients in either cohort. Two cohorts were initially
identified, one for surgery and one for trauma. We then identified and separated patients
in both cohorts with the same initial hospital admission and discharge dates. This resulted
in three independent cohorts for further analysis: surgical only, trauma only and trauma
with surgery. At the request of a reviewer, we then undertook statistical tests to facilitate
comparisons between these three cohorts of patients.

3.4. Sociodemographic Variables

For each patient, we collated data on age at the time of cohort entry date, sex, socioe-
conomic status, domicile region in NZ, and the region of the healthcare facility to which
they were admitted during their index event. Socioeconomic status was based on the
patient’s area of residence and represented a social deprivation score taken from the NZ
Deprivation Index (NZDep). NZDep is an area-based socioeconomic deprivation measure
with ten deciles. We collapsed this into quintiles between one to five, one being the least
deprived and five the most deprived [19,21]. The patient domicile region was defined as
the general practice location where the patient was registered. The region of the facility
was defined as the region of NZ where the patient received care and the location of the
facility where the index event occurred. See Supplementary Table S1 for sociodemographic
variable definitions.

3.5. Event Variables

We calculated the length of stay for each hospital admission as the number of days
between admission and discharge dates. For the surgical cohort, we determined the
urgency of the surgery using the ‘admission type’ variable recorded in the NMDS data.
Admissions classified as ‘arranged’ (admission type “AA’) or “acute’ (AC’) were considered
acute admissions. Those classified as ‘waiting list" (‘WN’) were elective. All admissions
to private hospitals were considered to be elective admissions. These were coded as
‘Private admission” (AP). Lastly, we also determined if death occurred in the year following
discharge from the index hospital event. See Supplementary Table S2 for event variable
definitions. These event variables were recorded at the time of a patient’s hospital admission
as part of routinely collected health data.

Baseline comorbidities were identified from hospital discharge diagnoses and specific
pharmaceutical dispensing records. History of opioid dispensing in this study refers to
opioid use before trauma or surgery. To determine this we examined each individual’s
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community pharmacy dispensing history for any opioids dispensed in the 365 days preced-
ing each patient’s trauma or surgical event discharge date. Specific comorbidities included
hypertension, congestive heart failure, chronic obstructive pulmonary disease (COPD),
asthma, sleep apnoea, diabetes mellitus (types 1 and 2), mental health disorders, chronic
pain, theumatoid arthritis, psoriatic arthritis, gout, osteoarthritis, obesity, smoking, and
chronic kidney and liver disease. See our Supplementary Table S3 for all specific diagnostic
and medication codes used.

3.6. Comorbidity Indices

We extracted data for two comorbidity indices, Charlson’s and M3, and quantified
the American Society of Anaesthetic’s (ASA) physical status scores for surgical patients.
These indices allowed us to evaluate the overall comorbidity burden and pre-anesthesia
medical comorbidity. The M3 index was designed specifically for NZ and has outperformed
Charlson’s index in the NZ setting [22]. The ASA scores were only calculated for surgical
only patients. Scores are derived from each patient’s anaesthetic procedure codes and may
reflect a more clinically oriented assessment of patient health. A pre-baseline period of
five years was used for all patients when assessing Charlson and M3 index scores. See
Supplementary Table S3 for full index definition and diagnostic codes.

3.7. Variable Reporting and Data Analysis

Categorical variables were reported as percentages. Continuous data were converted
to categorical variables based on clinical relevance and data distribution by discussion and
consensus with a multidisciplinary team. Chi-square tests were used to assess differences
in baseline characteristics between the different cohorts. We designated a two-tailed
p value < 0.05 as statistically significant. No correction was made for multiple testing.
Results are presented in Table 1 The analyses were done using SPSS v28 IBM corporation,
Armonk, NY, USA.

4. Discussion

From 2007 to 2019, we identified nearly 1.8 million NZ patients who had surgery
only, over half a million admitted to hospital with trauma, and over a quarter of a million
admitted for both trauma and surgery. These represent substantial cohorts for our group’s
planned opioid-related research. The fact that such a large number of patients undergoing
hospitalisation for surgery or trauma can be identified, and that substantial information
can be collected about them, may also be of value to others conducting studies of surgical
outcomes in NZ. Even as they stand, our results provide a valuable (and, we believe, novel)
picture of the characteristics of patients admitted to hospitals for trauma or surgery in NZ.

Our proposed research into the prevalence and outcomes of persistent opioid use in
these cohorts of patients will provide hitherto unavailable information on the extent of this
public health problem in NZ that will inform health policy. It will also allow comparisons to
be made between NZ and other countries, noting that there are considerable sociopolitical
and healthcare differences between NZ and many other high-income countries. Given that
the datasets used in this study are maintained on an ongoing basis, our approach opens the
opportunity to monitor changes in the prevalence and outcomes of opioid use after surgery
or trauma and thus evaluate any interventions arising from changes in healthcare policy (for
example). Furthermore, our data could inform the design of potential future prospective
studies of investigator-initiated interventions to improve outcomes after trauma or surgery,
including but not only informing estimates of the required sample size for such studies.

We found significant differences between the three cohorts across all variables (p < 0.001
in each case). Clinically significant differences between cohorts were seen in age distribu-
tion, ethnicity, domicile region, length of stay, previous opioid use, baseline comorbidities
and subsequent death within one year. Patients aged under 30 years old and those between
the ages of 30 and 65 were overrepresented in the cohorts of trauma with surgery (52.8%),
and surgery only (49.3%). This likely reflects that younger patients are more likely to
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have surgery, especially in those with trauma, as this age group may be considered by the
healthcare team to be better suited for surgery.

The NZ national census in 2018 reported the population of European ethnicity to
be 70.2%, Maori 16.5%, Pacific 8.1%, Asian 15.1%, and MELAA 1.5% [23]. On this basis,
Maori (19.7%) and Pacific patients (8.7%) are overrepresented in being hospitalised for
trauma with surgery but underrepresented in terms of surgery only admissions (13.5% and
6.0%). In all three cohorts Auckland was the patient domicile region with the most patients.
Auckland healthcare facilities provided hospital care for most patients in the surgery only
and trauma only cohorts. However, more patients were treated in the Counties region in
the trauma with surgery cohort. Possible reasons for Auckland’s overrepresentation in both
patient regions of domicile and health facility are higher accessibility to primary health
care, a regional trauma centre and the provision of many national surgical services. The
region of facility may be used to account for regional variations in hospital culture and
prescribing practices. Length of stay in hospital and surgical urgency are important clinical
variables. They have been used in other opioid-related studies as covariates of opioid
prescribing on discharge and persistent opioid use [24,25]. For our subsequent studies on
persistent opioid use and its related harm, other important confounding variables include
evidence of previous opioid use disorder or overdose and prior use of opioids [20]. Across
the three cohorts, the trauma only cohort had the greatest proportion of patients with both
pre-trauma opioid use and pre-trauma diagnosis of opioid use disorder. Data on patients’
history of opioid use before surgery or trauma will allow us to establish an opioid-naive
sample to use in future studies to assess de novo complications related to opioid use.

Of the 18 comorbidities examined, eight occurred in less than 1% of patients across
all three cohorts. We also calculated two comorbidity indices, the Charlson and M3, the
latter being a more NZ focused index. Based on our analyses for the three cohorts, it would
appear that the M3 is a more sensitive measure for analysing patient comorbidity with
fewer patients scoring zero compared to the Charlson index: for surgical only patients
(84.5% vs. 93.1%), trauma only (70.8% vs. 82.8%) and trauma with surgery (90.3% vs.
95.1%). The M3 index may perform better since it was specifically designed to measure
comorbidity burden, and the data to calculate this was available to the study [22], and
because it contains 55 patient conditions compared with 20 conditions used in the Charlson
index. Lastly, in terms of mortality, patients admitted with trauma only had the highest
prevalence of death within one year following the index. This difference is likely due to the
nature of the trauma admissions being severe, as it likely included mostly major trauma
requiring hospitalisation. Patients admitted with trauma may have more risk factors for
developing persistent opioid use than those admitted for surgery only, or trauma with
surgery. For example, the trauma only cohort had a higher rate of pre-trauma opioid
use, pre-trauma diagnosis of an opioid use disorder, comorbidity burden, mental health
disorder and chronic pain, and all these factors have been shown to have a significant
association with persistent opioid use [26,27].

Strength and Limitations

The strength of our research is based on the use of NZ-wide national data, and
it includes almost all of NZ’s hospitalisations for surgical and trauma patients. It also
includes a wide range of surgical procedures considered interventional and thus highly
relevant for post-surgical research. We purposely did not set any age restrictions on our
patient cohorts as this would allow us to investigate opioid utilisation and associated harm
across age groups. Whilst the NZ national data collections contain rich and valuable clinical
information, and the validity of the data has been tested in previous observational studies,
there are still certain limitations when used for research [14]. Patients not requiring tertiary
care would not have been included in our studies. Patients with less than three hours of
hospital admissions would also have been excluded, as these admissions are not recorded
in the NMDS. It is a considerable challenge to identify patients who have undergone
surgery from NMDS data. In the most current ACHI 11th edition, there are a total of
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6231 procedure codes [16]. Unfortunately, this classification includes both interventional
and non-interventional procedures, and no priority is assigned to a primary procedure
in the NMDS records. Only surgical patients who had undergone interventional surgery
were included in our study. We adopted a similar method of identifying interventional
surgeries with accompanying anaesthetic codes as used in a previous study examining
surgical outcomes in NZ patients by Campbell et al. [12]. This included a high priority
list of surgical procedures considered to be interventional with a surgical severity score
assigned from one to five, with one being least severe and five the most severe [28]. This
provides a degree of priority for each surgical hospital episode and eliminates patients
with no procedures of interest. Hospitalisation data may also have underestimated the
level of comorbidity in our cohorts as we could not include diagnostic codes recorded in
primary care. For some specific comorbidities, we included both hospital diagnoses and
community pharmacy dispensing of specific pharmaceuticals to identify patients. In this
case, the particular diagnoses and pharmaceuticals included were based on previously
published studies but are only proxies and may over or underrepresent comorbidity rates
depending on the sensitivity and specificity of the coding [29-31]. For opioid use, we only
considered opioid use before trauma or surgery; opioid use after either trauma or surgery
was beyond the scope of this study and will be the subject of future studies.

Our national ethnicity data was based on patient prioritised ethnicity, a NZ specific
coding system in which patients identifying with multiple ethnicities are assigned a priority
ethnic group. Maori ethnicity is prioritised first, followed by Pacific, Asian, other ethnic
groups, and European ethnicity. Thus, a certain proportion of patients identifying with
several ethnic groups will have been coded Maori [15]. Notably, European and Asian
ethnicities also consist of a diverse and heterogeneous population in terms of origin, health
risks and diverse cultures. In our subsequent studies, this is important given that there
may be an overestimation of outcomes due to the priority assignment of ethnicities.

The PHARMS data also poses certain limitations due to changes in data collection over
time. This dataset only records dispensing of subsidised medication; medications that are
self-funded by patients, purchased over the counter, or if the medication cost is less than the
patient co-payment of five dollars (from 2013 onwards) or three dollars (2004-2008) are not
recorded. Thus, medication dispensing in small quantities and for shorter duration courses
may be under-reported. Data before 2006 are not recorded comprehensively. Hence, our
cohort identification only encompassed the years 2007-2019. Another challenge of working
with the national databases is checking demographic details such as date of birth and
sex. This is especially important when linking data from different national datasets, as the
data recorded for a small proportion of patients may differ across the five data collections.
We referred to the PHO and NHI collections for our baseline demographic data. Lastly,
privately funded hospital admissions data are limited as these are deemed commercially
sensitive information by the MoH. An example of this was notable in recording the hospital
facility variable, which was missing for over 300,000 patients. It was unavailable for
all privately funded hospitalisations, mostly in the surgical cohort. However, during
our analysis of this data variable, certain private hospital facilities were recorded due
to the procedure being publicly funded. The facility variable demonstrates the complex
intermingling of the public and private health sectors in NZ. Public hospitals outsource
procedures to private hospitals when there is insufficient capacity in the public system to
do that procedure at that time. For publicly funded admissions, it is mandatory to report
this variable to the MoH [32]. Although privately funded admissions are mostly omitted,
our research group feel the variable is good enough to include in future studies to reflect
regional variations in practice. Differences between the three cohorts should be interpreted
cautiously noting that allocation to cohorts was not randomised and that a large number of
statistical tests were undertaken, making type I errors quite likely.
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5. Conclusions

We have identified and described cohorts of patients who have either undergone
surgery or were admitted to a hospital for trauma in NZ between 2007 and 2019. We plan
to use these cohorts in a series of studies to describe the prevalence of persistent opioid
use in surgical and trauma patients and to assess the clinical outcomes of morbidity and
mortality related to persistent opioid use. Significant differences in baseline characteristics
in relation to opioid use and persistent opioid use were observed across the three cohorts,
suggesting that future studies related to opioid use should treat surgical and trauma
patients separately. These patient cohorts are also available for other researchers wishing to
explore other influences on the outcomes of surgery and trauma in NZ.
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