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Abstract

Indigenous Peoples across North America and Oceania experience worse health outcomes
compared to non-Indigenous people, including increased post-operative mortality. Several
gaps in data exist regarding global differences in surgical morbidity and mortality for Indige-
nous populations based on geographic locations and across surgical specialties. The aim of
this study is to evaluate disparities in post-operative outcomes between Indigenous and non-
Indigenous populations. This systematic review and meta-analysis was conducted in accor-
dance with PRISMA and MOOSE guidelines. Eight electronic databases were searched with
no language restriction. Studies reporting on Indigenous populations outside of Canada, the
USA, New Zealand, or Australia, or on interventional procedures were excluded. Primary
outcomes were post-operative morbidity and mortality. Secondary outcomes included reop-
erations, readmission rates, and length of hospital stay. The Newcastle Ottawa Scale was
used for quality assessment. Eighty-four unique observational studies were included in this
review. Of these, 67 studies were included in the meta-analysis (Oceania n = 31, North
America n = 36). Extensive heterogeneity existed among studies and 50% were of poor qual-
ity. Indigenous patients had 1.26 times odds of post-operative morbidity (OR = 1.26, 95% ClI:
1.10-1.44, p<0.01) and 1.34 times odds of post-operative infection (OR = 1.34, 95% CI:
1.12-1.59, p<0.01) than non-Indigenous patients. Indigenous patients also had 1.33 times
odds of reoperation (OR = 1.33, 95% CI: 1.02—1.74, p = 0.04). In conclusion, we found that
Indigenous patients in North American and Oceania experience significantly poorer surgical
outcomes than their non-Indigenous counterparts. Additionally, there is a low proportion of
high-quality research focusing on assessing surgical equity for Indigenous patients in these
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regions, despite multiple international and national calls to action for reconciliation and decol-
onization to improve quality surgical care for Indigenous populations.

Introduction

Safe and appropriate surgical care is an integral component of an effective and resilient health-
care system [1]. Surgical conditions account for over 33% of the global disease burden [2].
Unfortunately, access to surgical care is not equitable, with populations in low-income coun-
tries, rural environments, and certain underserved populations receiving a lower quality of
surgical care or no surgical care at all [1]. Indigenous Peoples are a grossly underserved popu-
lation worldwide [3-5]. Although definitions of the term “Indigenous” are varied and
nuanced, including populations across all continents, throughout this review we use the term
Indigenous to refer to the original peoples, communities, and nations of the regions now called
Canada, Australia, New Zealand, and the United States of America (USA). These populations
hold and practice cultural, economic, political, and social traditions that are distinct from the
broader settler population in which they live and seek recognition and sovereignty to practice
these ways and identities [6]. Indigenous Peoples have not shared in the gains that develop-
ment has provided these countries thus far, resulting in profound health and social inequities
between Indigenous and non-Indigenous populations that continue to persist due to the ongo-
ing effects of colonization and systemic racism [7-11].

An estimated 7 million of the 370 million Indigenous people worldwide live in Canada,
Australia, New Zealand, and the USA [7]. The shared history of the British settler colonial
project in these nations can be used as a framework to highlight commonalities in the contem-
porary situation of Indigenous Peoples in these areas [12]. For instance, Canada, Australia,
New Zealand, and the USA were the only United Nations member countries to vote against
The United Nations Declaration on the Rights of Indigenous Peoples (UNDRIP) upon its
introduction in 2007 [13].

However, current literature on post-operative outcomes in Indigenous patients in Canada,
Australia, New Zealand, and the USA, among other countries, remains limited and of poor
quality [14]. Higher rates of death and adverse events post-operatively have been demonstrated
for Indigenous Peoples, including increased surgical infections, need for re-operation, and
longer length of hospital stay (LOS) compared to non-Indigenous patients [14-17].

To date, there is no known study that combines data on both post-operative morbidity and
mortality from the continents where minority Indigenous populations experience similar dis-
parities in healthcare provision. Additionally, no study compares and assesses morbidity and
mortality for Indigenous patients across multiple surgical disciplines and procedures. This sys-
tematic review and meta-analysis aims to assess if surgical morbidity and mortality disparities
exist between Indigenous and non-Indigenous peoples in Canada, Australia, New Zealand,
and the USA to better understand the extent of existing surgical and health disparities
worldwide.

Methods

This systematic review and meta-analysis was registered in Open Science Framework (osf.io/
qs3vz) and reported in accordance with Preferred Reporting Items for Systematic Review and
Meta-Analysis- (PRISMA) and Meta-Analysis of Observational Studies in Epidemiology
guidelines (S1 Fig) [18,19].
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Data sources and searches

A search strategy was developed in consultation with a professional research librarian. Com-
prehensive electronic database searches were undertaken in MEDLINE, Embase, Global
Health, Cochrane Library, PsycInfo, SOCIndex, Web of Science, and ProQuest Dissertations
& Theses Global from inception to December 25, 2022, using key MeSH terms (S1 Data). All
languages were included. Reference lists of reviews and retrieved articles and consultations
with experts were conducted to identify additional relevant studies.

Study selection and criteria

Two reviewers independently screened titles, abstracts, and full texts using Covidence. Dis-
crepancies were resolved via consensus. We included clinical studies on surgical outcomes in
Indigenous populations. Studies were excluded if they were book chapters, conference
abstracts, or non-peer reviewed articles. Studies were excluded if they focused on Indigenous
populations outside of Canada, Australia, New Zealand, or the USA, if they lacked a non-
Indigenous comparator group, or if they included only pediatric patients, as defined in study
methods. Studies describing minor interventions and procedures, such as colonoscopy or
angiography, were excluded.

While we recognize the importance of accounting for the numerous and varied Indigenous
populations across the world, we restricted this study’s geography to limit the already hetero-
geneous nature of our data. Furthermore, we hope to avoid over-homogenizing the distinct
lived experiences of Indigenous Peoples in regions such as Africa, Northern Europe, and Cen-
tral/South America. Canada, Australia, New Zealand and the USA share similar British colo-
nial settler histories and consequent displacement and oppression of native people [7,20-22].

Data extraction and quality assessment

One reviewer completed data extraction and quality assessment (QA), while another verified
the extracted data and QA findings. Discrepancies were resolved through consensus. The fol-
lowing data were extracted from included studies using Microsoft Excel (Microsoft Corpora-
tion, Version 16.60): authors’ name, journal, year of publication, age category, population size,
sex, type of study, database, surgical specialty, operations, outcomes of interest, and study con-
clusions. “Outcomes of interest” included mortality, any morbidity, length of hospital stay,
and readmission and reoperation rates. Studies were included in data extraction if they
reported surgical procedures and at least one outcome of interest resulting from the procedure.
Studies reporting on two separate Indigenous groups had data extracted independently for
each unique group. QA was conducted using the Newcastle-Ottawa Scale (NOS), adapted for
observational studies [23]. To assess the risk of publication bias, the effect odds ratio (OR) for
each of the included studies was plotted against their standard error on a logarithmic scale to
produce a funnel plot, which were assessed for asymmetry.

Data analysis

A random-effects model was used to define all pooled outcome measures and the OR was esti-
mated with its variance and 95% confidence interval (CI). The prevailing heterogeneity
between ORs for comparable outcomes between different studies was calculated using the I-
squared inconsistency test. The absence of statistical heterogeneity is indicated by a value of
0%, whereas larger values indicate increasing heterogeneity. Studies were only eligible for
inclusion in meta-analysis if data were reported from which summary associations and their
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95% Cls could be calculated. All meta-analyses were carried out using Review Manager Ver-
sion 5.4 (Cochrane Collaboration, 2020).

Outcomes from studies were separated into three categories: 1) post-operative morbidity,
2) post-operative mortality, and 3) hospital stay. Morbidity included surgical and systemic
infections, hematologic/thromboembolic, cardiovascular, pulmonary, genitourinary, immu-
nologic, and procedure-specific post-operative complications (ileus, nerve injury, anesthetic
complication, prosthesis-related complications, etc.). A list of complications included in out-
come groups can be found in S1 Table. Overall morbidity included all morbidities listed above
pooled together, including those defined as “operative complications”. Mortality was divided
into two categories: 1) in-hospital and 30-day mortality (<30-day mortality) and 2) greater
than 30-day mortality (>>30-day mortality), which included mortality and survival. Overall
mortality refers to both <30-day and >30-day mortality pooled together. Hospital outcomes
included readmission, reoperation, and length of hospital stay (LOS). Subgroup analyses were
conducted based on surgical speciality, type of operation, geography, and quality of study. We
also conducted a sub-group analysis by date of publication (before January 1st 2017 versus
after January 1st 2017). This publication period sub-group analysis was done to compare stud-
ies before and after both declarations for Indigenous rights were published in North America
(Truth and Reconciliation Commission (TRC), Canada, 2015; American Declaration of the
Rights of Indigenous Peoples (ADRIP), USA, 2016) to see if we could detect a difference in
surgical outcomes over time, specifically after increased advocacy for Indigenous people on
this continent [24,25]. Sensitivity analysis compared fixed effects to random effects models to
test the assumption that the random effects method was the most appropriate choice. A study
could contribute to more than one analysis if it reported on multiple outcomes (i.e., overall
morbidity AND surgical site infections AND mortality analyses).

Results

Study selection and characteristics

A PRISMA flow diagram outlining the systematic review process is presented in Fig 1. The ini-
tial search resulted in a total of 11423 non-duplicate studies, of which 697 were included in
full-text review after title and abstract review. Following full-text review, expert consultations,
and relevant review appraisal for additional relevant articles, 105 unique studies met inclusion
criteria. Twenty-one studies were multiple publications, meaning they reported findings on
the same cohort as another study included in this review. We chose to report data only from
the study that covered the most extensive cohort, to prevent repetition of data points, and mul-
tiple publications were not included in the meta-analysis or narrative review.

Of the 84 studies included in the narrative synthesis, 36 were retrospective cohort studies, 7
were prospective cohort, 4 were case-control, 36 were cross-sectional, and 1 was a mixed-
methods study. A comprehensive summary of findings and characteristics of all included stud-
ies are presented in Tables 1 and S1. For a complete list of references, see S2 Data.

Studies were published between 1989 and 2021, with research conducted from 1971 to
2019. A total of 37 studies were published over the first 28 years (1989-2016), while 45 were
published in the last 5 years (2017-2021). 36/84 (42.9%) studies were based in Oceania (22/36
(61.1%) in Australia and 14/36 (38.9%) in New Zealand) while 48/84 (57.1%) studies were
based in North America (38/48 (79.2%) in USA and 10/48 (20.8%) in Canada). Surgical out-
comes were reported for 9,758,892 patients across 9 surgical specialties, including General Sur-
gery (n = 22 studies), Orthopedic Surgery (n = 15 studies), Cardiac Surgery (n = 15 studies),
Urology (n = 1 studies), Obstetrics and Gynecology (n = 5 studies), Neurosurgery (NS) (n =5
studies), Vascular Surgery (n = 4 studies), Ears, Nose, and Throat (ENT) (n = 1 studies), and
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12980 Records identified through
database search

1557 Records removed before
screening:

|

11423 Records screened

|

697 Full-text articles assessed
for eligibility

9 Records identified through
other sources:

Duplicates removed

10727 Records excluded

601 Full-text articles excluded:
Abstract only (n = 158)
Wrong outcomes (n = 138)

> Wrong intervention (n = 127)

v

105 Studies included after full-
text review

Wrong study design (n = 73)
Wrong comparator (n = 56)
Wrong patient population (n = 49)

iy 21 Multiple publications removed

v

67 studies included in
quantitative analysis

v Excluded from MA for lack of appropriate
data; Included in narrative synthesis

| 17 Full-text articles excluded during extraction:

l

A

Hospital Stay Outcomes
7 in Readmission analysis
14 in Reoperation analysis
12 in LOS analysis

2 in Extended LOS analysis

Mortality Outcomes

40 in Overall Mortality analysis

27 in <30-day + In hospital mortality
analysis

20 in >30-day mortality analysis

3 in Survival analysis

Morbidity Outcomes

48 in analysis of Overall Complications

22 in analysis of Surgical Infection

7 in analysis of Systemic Infection

11 in analysis of Cardiovascular complications
11 in analysis of Pulmonary complications

15 in analysis of ic + Tl

10 in analysis of Immunologic complications
9 in analysis of Genitourinary complications
8 in analysis of Procedural complications

Fig 1. PRISMA flow diagram of study selection process, inclusions, and exclusions.

https://doi.org/10.1371/journal.pgph.0001805.9001

Ophthalmology (n = 2 studies). Fourteen studies reported surgical outcomes from multiple
surgical specialties. A breakdown of procedures can be found in S2 Table.
A total of 9,758,892 patients across 67 studies were included in the meta-analysis, of which
69,080 (0.7%) were Indigenous and 7,111,3091 (99.3%) were non-Indigenous. Indigenous pop-
ulations consisted of Native American (n = 53,205, 77.0%), Maori (n = 8,194, 11.9%), Aborigi-
nal Australians and Torres Strait Islanders (n = 4,590, 6.6%), and Indigenous Peoples in
Canada (n = 2,311, 3.3%). Some studies grouped Indigenous populations together, reporting

on Maori and Pacific Islanders (n = 159, 0.2%), or Native Hawaiian and Native American
groups (n = 666, 1.0%).

Risk of bias assessment and sensitivity analyses

Half of included studies (42/84, 50%) were low quality and the other half (42/84, 50%) were
good quality (S2 Fig). The low quality of studies was mainly attributed to failure of studies to
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Table 1. Study and patient characteristics.

Study Characteristics | No. of Studies ‘ No. of Indigenous patients/Total *

Patient Characteristics

No. of patients in MA/Total*

Publication Year Sex
1991 and earlier 1 1,327/37,383 Male 4,260,219/9,758,892
1992-1996 0 0/0 Female 3,457,124/9,758,892
1997-2001 2 91/1,423 Other or Not Defined 2,041,549/9,758,892
2002-2006 4 757/2,100%* Ethnicity
2007-2011 8 3,085/8,932 Indigenous 69,080/9,758,892
2012-2016 22 22,364/2,597,604 Indigenous Canadians™* 2,311/55,528
2017-2021 45 168,031/20,459,986 Native American 53,205/9,386,794
Study Design Native American & Native Hawaiian 666/153,687
RCS 36 33,490/2,588,888 Maori 8,149/80,195
PCS 943/12,545 Maori/P1 159/429
CC 1,069/2,169 Aboriginal Australian & Torres Strait Islander | 4,590/82,259
CS** 36 54,672/17,733,558 Non-Indigenous 7,111,309/9,758,892
Mixed 1 84/217
Study Location
North America 48 77,102/2,016,427
Canada 10 22,134/1,056,810
USA 38 54,968/19,106,617
Oceania 36 6,580/102,295
Australia 22 4,762/84,439
New Zealand 14 1,818/17,856
Primary Studies in MA by Location
Canada 8 2,311/55,528
USA 28 53,871/9,540,481
Australia 20 4,628/82,349
New Zealand 11 1,694/8,879
Surgical Specialities
Cardiac Surgery 15 23,239/3,567,387
ENT 1 37/93
General Surgery 22 15,866/3,232,446
Neurosurgery 306/15,373
OBGYN 5 1,916/261,992
Ophthalmology 115/8,645,453
Orthopedic Surgery 15 41,480/4,096,667
Urology 1,157/284,050
Vascular Surgery 4 497/8,027
Multiple 14 5,645/225,889

*Total represents Indigenous + non-Indigenous patients (comparator group) in studies

**A study by Hong et al. (2006) [26] did not distinguish between Indigenous and non-Indigenous population numbers (total n = 1,122) CC: Case-Control; CS: Cross-
Sectional; ENT: Ears, Nose, Throat; NH: Native Hawaiian; MA: Meta-Analysis; OBGYN: Obstetrics & Gynecology; PI: Pacific Islander; PCS = Prospective Cohort Study;
RCS = Retrospective Cohort Study.

https://doi.org/10.1371/journal.pgph.0001805.t001

control for confounders such as age, pre-existing comorbidities, and/or sex (40/42; 95.2%).
Funnel plots for each outcome were generated, however due to the inherent heterogeneity of
the studies included in each outcome category, asymmetry could not be reliably assessed (S3
Fig). No noticeable change in the direction of the effect with a fixed effects method was appre-

ciated, therefore a random effects model was used.
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Post-operative morbidity

Fifty-four studies provided data on post-operative morbidity. Of these, 48 were included in the
meta-analysis and 6 were included in the narrative synthesis. Overall, there was a significantly
increased morbidity for the Indigenous cohort (OR = 1.26, 95% CI: 1.10-1.44, p = 0.001).
When low quality studies were excluded, there was 1.30 increased odds of post-operative mor-
bidity among Indigenous compared to non-Indigenous patients (OR = 1.30, 95% CI:1.12—
1.51, p<0.001) (Fig 2) [27-50]. When stratified by country, overall post-operative morbidity
remained significantly higher in Indigenous groups from Australia (OR = 1.42, 95% CI: 1.07-
1.90, p = 0.02) and New Zealand (OR = 1.63, 95% CI: 1.09-2.43, p = 0.02) compared to non-
Indigenous, but there was no significant difference in overall morbidity between Indigenous
and non-Indigenous patients from Canada (OR = 1.71, 95% CI: 0.90-3.24, p = 0.10) nor the
USA (OR =1.07,95% CI: 0.87-1.32, p = 0.53).

When separated by surgical specialty, urology (OR = 1.79, 95% CI:1.32-2.41, p<0.001) and
cardiovascular surgery (OR = 1.42, 95% CI: 1.11-1.82, p = 0.005) had increased overall mor-
bidity in Indigenous patients. Specifically, renal transplants (OR = 1.97, 95% CI:1.34-2.89,
p<0.001) and coronary artery bypass grafts (OR = 1.50, 95% CI: 1.27-1.76, p <0.001) both
resulted in significantly higher post-operative complications for Indigenous patients. No sig-
nificant differences in overall morbidity were found in other surgical specialties or procedures.
All results for overall morbidity and mortality meta-analyses can be found in Table 2.

Twenty studies reported morbidity outcomes prior to 2017 and 28 reported morbidity out-
comes between January 2017 and December 2021. Before 2017, there was significantly more
overall morbidity among Indigenous patients (OR = 1.42, 95% CI: 1.14-1.76, p = 0.002); after
2017, on the other hand, there was no significant difference in overall morbidity (OR = 1.17,
95% CI: 0.98-1.40, p = 0.09). All other meta-analyses results are in S3 Table.

Of the six studies reporting morbidity outcomes from narrative analysis, four studies
reported no significant differences between Indigenous and non-Indigenous patients [51-54].

Indi N di Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, d 95% CI M-H, Random, 95% CI
Al-Quarayshi 2016 4 43 1125 13247 1.7% 1.11 [0.39, 3.10)
Amirian 2020 55 717 4921 85054 5.8% 1.35 [1.03, 1.78] I~
Betancourt-Garcia 2019 1425 20232 157462 2433675 7.2% 1.10[1.04, 1.16] d
Brown 2020 2 546 294 34254 1.0% 0.42 (0.11, 1.71) —_— 1
Causey 2013 168 1134 11237 60093 6.7% 0.76 (0.64, 0.89) =
Chen 2020 143 3296 28684 610065 6.6% 0.92 [0.78, 1.09) -
Chertack 2021 191 1157 27919 190578 6.7% 1.15 [0.99, 1.35] ™~
Elahi 2008 17 20 311 496 1.2% 3.37[0.97, 11.66]
Goulet 2006 64 108 261 720 4.7% 2.56 (1.69, 3.87]
Holleran 2021 65 290 6969 27907 5.8% 0.87 (0.66, 1.15) o
Kamaraju 2021 285 2918 28023 259459 6.9% 0.89 [0.79, 1.01] ~
Lehman 2009 25 283 207 2352 4.5% 1.00 [0.65, 1.55] S
Majoni 2019 241 343 3085 6207 6.1% 2.39(1.89, 3.03] i
Page 2021 35 42 17 30 1.5% 3.82(1.29,11.33) "
Prabhu 2013 70 297 439 2451 5.7% 1.41 (1.06, 1.88] [
Rogers 2011 43 108 9 69  2.4% 4.41(1.98,9.81) —
Sanford 2019 12 175 191 4106 3.4% 1.51 [0.82, 2.76) S——
Seipp 2021 106 165 53 165 4.4% 3.80[2.41, 5.99] —
Sood 2013 147 574 2344 11596 6.5% 1.36 (1.12, 1.65]
Swart 2013 14 70 18 74 2.4% 0.78 (0.35, 1.71) =1
Wang 2020 94 136 118 191 4.3% 1.38 (0.87, 2.21] T
Wiley 2021 30 117 163 505 4.4% 0.72 [0.46, 1.14] =
Total (95% ClI) 32771 3743294 100.0% 1.30 [1.12, 1.51) L2
Total events 3236 273850
Heterogeneity: Tau® = 0.08; Chi’ = 161.36, df = 21 (P < 0.00001); I’ = 87% %_01 0;.1 1*0 10(?

Test for overall effect: Z = 3.37 (P = 0.0007) Favours Indi Favours

Fig 2. Meta-analysis of overall morbidity with good quality studies. Results are depicted for meta-analysis using a
random-effects model for odds of overall morbidity post-operatively between Indigenous and non-Indigenous surgical
patients. Overall morbidity included any post-operative complication including surgical infection, systemic infection,
cardiovascular complication, pulmonary complication, hematologic/thromboembolic complication, genitourinary
complication, immunologic complication, and/or procedural complication. This analysis was conducted using good
quality observational studies, as determined by Newcastle Ottawa Scale ratings.

https://doi.org/10.1371/journal.pgph.0001805.9002
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Table 2. Meta-analysis for overall morbidity and mortality outcomes.

Number of Studies (n)

Indigenous Patients
# Events/Total Population

Non-Indigenous Patients
# Events/Total Comparator

Odds Ratio (95%CI), p-value

Mortality
Overall Mortality 40 1819/52693 97326/7522611 1.16 (0.90-1.50), p=0.26
Good Quality Studies 20 1214/38854 53452/5998046 0.88 (0.67-1.14), p=0.33
Geographic Location
Oceania 20 1144/11956 8363/135141 1.10 (0.90-1.34), p=0.35
Australia | 13 493/3733 5883/73437 0.97 (0.72-1.29), 0.83
New Zealand | 7 651/8223 2480/61704 1.31 (0.96-1.78), p=0.09
North America 20 675/40742 88963/7387470 1.19 (0.72-1.97), p=0.49
Canada | 3 29/702 585/12445 0.68 (0.45-1.02), 0.07
USA | 17 646/40040 88378/7375025 1.33 (0.76-2.31), p=0.32
Surgical Specialty 39
Cardiovascular Surgery 20 973/25933 33970/2517269 1.19 (0.98-1.44), p=0.09
General Surgery 11 425/12929 30593/3922657 0.90 (0.49-1.66), p=0.74
Orthopedic Surgery 210/11768 2060/792342 2.47 (0.46-13.40), p=0.29
Urology 68/1447 1778/192080 0.69 (0.36-1.33), p=0.27
Operation
AAA Repair 3 170/753 1187/6745 1.16 (0.65-2.05), p=0.62
Amputation 2 433/1918 882/4643 1.40 (1.10-1.77), p=0.006
Arthroplasty 3 54/11698 1900/792538 2.72 (0.30-24.42), p=0.37
CABG +/- Valve Repair 10 149/2487 1996/70931 1.17 (0.84-1.61), p=0.35
Malignant Tumor Resection 5 430/4818 44146/865688 0.72 (0.48-1.08), p=0.11
Transplants 6 114/380 821/1916 0.91 (0.57-1.45), p=0.69
Valve Repair 3 71/539 477/3716 1.12 (0.85-1.47) p=0.42
Publication Period
2017 and later 28 4465/45845 392634/5415927 1.17 (0.98-1.40), p=0.09
Before 2017 20 1286/8742 22538/234689 1.42 (1.14-1.76), p=0.002
Morbidity
Overall Morbidity 48 5751/54587 415172/5650616 1.26 (1.10-1.44), 0.001
Good Quality Studies 22 3236/32771 273850/3743294 1.30 (1.12-1.51), p<0.001
Geographic Location
Oceania 22 2244/23786 163548/2485269 1.46 (1.14-1.87), p=0.003
Australia | 16 2071/23098 163319/2484242 1.43 (1.06-1.92), p=0.02
New Zealand | 6 173/688 229/1027 1.60 (1.12-2.26), p=0.009
North America 26 3507/30801 251624/3165347 1.15 (0.95-1.39), p=0.15
Canada | 5 282/976 3056/15140 1.71 (0.90-3.24), p=0.10
USA | 21 3225/248568 248568/3150207 1.07 (0.87-1.32), p=0.53
Surgical Specialty
All 2 395/2227 447/2382 0.93 (0.80-1.08), p=0.36
Cardiovascular Surgery 15 2077/23313 162893/2490221 1.42 (1.11-1.82), p=0.005
ENT 1 17/37 15/56 2.32(0.97-5.58), p=0.06
General Surgery 11 656/9277 60002/951448 0.97 (0.84-1.12), p=0.67
Neurosurgery 1 12/175 191/4106 1.51 (0.82-2.76), p=0.18
OBGYN 3 46/1467 922/89475 2.24 (0.66-7.57), p=0.19
Orthopedic Surgery 6 1084/13287 135413/1803467 0.68 (0.35-1.31), p=0.25
Urology 9 1464/4804 55289/309461 1.79 (1.32-2.41), p<0.001
Operation

(Continued)
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Table 2. (Continued)

AAA Repair 2 214/1239 27959/190732 1.15 (0.99-1.34), p=0.07
Amputation 2 26/91 56/327 0.41 (0.02-8.66), p=0.56
Arthroplasty 5 1068/13266 135390/1803444 0.75 (0.38-1.46), p=0.40
CABG (+/-) Valve Repair 5 369/1805 4240/50858 1.50 (1.27-1.76), p<0.001
Malignant Tumor Resection 3 177/3522 29443/616169 0.93 (0.79-1.08), p=0.33
Renal Transplantation 8 1273/3647 27370/118883 1.97 (1.34-2.89), p<0.001
Thyroidectomy 3 37/405 1146/13513 1.72 (1.00-2.97, p=0.05
Transplantation 9 1303/3882 27783/121609 1.77 (1.23-2.53), p=0.002
Valve Repair 3 771539 771/3716 0.66 (0.25-1.74), p=0.40
Publication Period
2017 and later 20 513/15200 49775/1586724 1.10 (0.86-1.400, p=0.46
Before 2017 20 1819/52698 97326/7522611 1.28 (0.74-2.23), p=0.38

Results of meta-analysis of pooled results from observational studies reporting outcomes on overall morbidity and mortality (<30day and >30day). Includes sub-group

analysis by quality of study (good quality), geographic region (Oceania, North America), country, surgical specialty, operation, and publication period (before 2017,

2017 and later). Indigenous outcomes represent all reported Indigenous groups, including combining Pacific Islander, Maori and/or Native Hawaiian for relevant
studies. AAA: Abdominal Aortic Aneurysm; CABG: Coronary Artery Bypass Grafting; OBGYN: Obstetrics and Gynecology.

https://doi.org/10.1371/journal.pgph.0001805.t002

The other two found significantly increased functional deficits and infection rates for the
Indigenous populations [55,56].

Surgical and systemic infections. Surgical site and systemic infection data were included
in 29 unique studies. Indigenous patients had 1.34 times odds of post-surgical infections com-
pared to non-Indigenous patients (OR = 1.34, 95% CI: 1.12-2.59, p = 0.001). When stratified
by continent, North American Indigenous Peoples had 1.33 times odds of post-surgical infec-
tions compared to non-Indigenous North Americans (OR = 1.33, 95% CI: 1.10-1.60,

p = 0.003) (Fig 3) [30,31,36,39,40,42-44,47,48,57]. When stratified by country, only Indige-
nous Peoples from the USA experienced significant disparities in surgical infection rates

d Non-Indi 0Odds Ratio 0Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, d 95% CI M-H, 95% CI
Alvord 2009 78 2155 91 2264 11.4% 0.90 [0.66, 1.22] —l=
Amirian 2020 13 717 652 85054 6.3% 2.39(1.37, 4.16)
Betancourt-Garcia 2019 619 20232 58291 2433675 17.2% 1.29(1.19, 1.39]) -
Boan 2017 10 57 6 84 2.3% 2.77(0.94, 8.10] 1
Brown 2020 2 546 294 34254 1.4% 0.42[0.11, 1.71] N s Trva
Changoor 2015 49 2978 2329 145610 12.0% 1.03 [0.77, 1.37] e
Goulet 2006 4 108 25 720 2.3% 1.07 [0.36, 3.13] e m——
Henman 2012 14 84 4 123 2.0% 5.95[1.88, 18.79]
Holleran 2021 33 290 3273 27907 10.0% 0.97 [0.67, 1.39] e,
Hsieh 2020 0 837 29 55098 0.4% 1.11(0.07, 18.25)
Keenan 2019 1 82 [} 154 0.3% 5.69 [0.23, 141.18]
Meatherall 2005 3 21 1 23 0.5% 3.67(0.35, 38.34)
O'Brien 2018 9 778 228 36124 4.9% 1.84 [0.94, 3.60] —
Page 2021 3 42 1 30 0.5% 2.23[0.22, 22.56)
Pai 2010 2 38 2 52 0.7% 1.39(0.19, 10.33] —
Prabhu 2013 2 297 18 2451 1.3% 0.92 (0.21, 3.97] ————rr
Sanford 2019 9 175 69 4106 4.4% 3.17 [1.56, 6.46] e p—
Seipp 2021 80 165 63 165 8.3% 1.52 (0.98, 2.36) [r—
Sood 2013 51 574 802 11596 11.7% 1.31(0.98, 1.77] —
Treacy 2016 1 33 16 433 0.7% 0.81[0.10, 6.34]
Wang 2013 0 82 2 444 0.3% 1.07 [0.05, 22.55])
Wang 2020 2 136 6 191 1.1% 0.46 [0.09, 2.32] A T
Total (95% CI) 30427 2840558 100.0% 1.34 [1.12, 1.59] L J
Total events 985 66202
Heterogeneity: Tau? = 0.04; Chi® = 37.73, df = 21 (P = 0.01); I’ = 44% ¥ + 4
Test for overall effect: Z = 3.29 (P = 0.001) 9:01 2;,0”5 Favours 20 100

Fig 3. Meta-analyses with studies for post-operative surgical site infections. Results are depicted for meta-analysis using a
random-effects model for observational studies. SSIs include post-operative surgical infections including superficial, organ
space, and deep wound infections, wound dehiscence, abscess formation.

https://doi.org/10.1371/journal.pgph.0001805.9003
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(OR =1.36,95% CI: 1.06-1.74, p = 0.01). There were no differences in post-operative systemic
infections detected in the analyses. There were no significant differences in post-operative sur-
gical site infections (OR = 1.16, 95% CI: 0.90-1.49, p = 0.24) or systemic infections (OR = 1.01,
95% CI: 0.58-1.75, p = 0.98) in studies published before 2017. In studies published after 2017,
there was a significant increase in surgical site infections for Indigenous patients (OR = 1.5,
95% CI: 1.16-1.95, p = 0.002), but not in systemic infections (OR = 1.01, 95% CI:0.92-1.10,

p =0.88).

Other post-operative complications. Indigenous Peoples had higher odds of pulmonary
complications if all studies were included (OR = 1.42, 95% CI: 1.03-1.94; p = 0.03). If only
good quality studies were included, however, this difference was not significant (OR = 1.32,
95% CI: 0.92-1.90, p = 0.13). Patients undergoing cardiovascular surgery (OR = 1.85, 95%
CI:1.50-2.29, p<0.001) and Oceanic Indigenous patients undergoing any surgery (OR = 1.64,
95% CI:1.25-2.17, p<0.001) had higher odds of pulmonary complications compared to non-
Indigenous peoples. Furthermore, there was a significant increase in pulmonary complications
in Indigenous patients in studies published prior to 2017 (OR = 1.64, 95% CI:1.06-2.54,

p = 0.02), while this was not significant in studies published in the last five years (OR = 1.22,
95% CI:0.81-1.83, p = 0.34). There were no geographic or surgical specialty differences
between populations with respect to cardiovascular complications.

Indigenous patients were significantly more likely to experience immunologic complica-
tions post-operatively (OR = 1.53, 95% CI:1.08-2.17, p = 0.02) [35,36,40,42,46]. Oceanic Indig-
enous Peoples (OR = 2.35, 95% CI: 1.36-4.04, p = 0.002) and those undergoing renal
transplantation (OR = 1.55, 95% CI: 1.44-1.67, p<0.001) had higher odds of these complica-
tions. Furthermore, studies published in the last five years demonstrated a higher rate of
immunologic complications for Indigenous patients (OR = 1.48, 95% CI:1.00-2.20), p = 0.05)
while this was not significant in studies published before 2017 (OR = 1.96, 95% CI.:0.64-6.00,
p = 0.24). There were no significant differences in genitourinary (OR = 1.21, 95% CI: 0.92-
1.60, p = 0.18), hematologic (OR = 1.28, 95% CI:0.97-1.70, p = 0.08), or procedural complica-
tions (OR = 0.96, 95% CI: 0.32-2.92, p = 0.94) between Indigenous and non-Indigenous
patients. Further subgroup analyses by geographic region, surgical specialty, quality of study,
and publication period likewise did not demonstrate significant difference in these outcomes
(S3 Table).

Post-operative mortality and survival

Fifty studies provided information on post-operative mortality and/or survival. Of these stud-
ies, 40 were included in the meta-analysis, totalling 52,698 Indigenous and 5,057,266 non-
Indigenous post-operative deaths. Overall mortality was similar for both Indigenous and non-
Indigenous patients (OR = 1.16, 95% CI: 0.90-1.50, p = 0.26), and there were no significant
differences between the groups based on geography, surgical specialty, or quality of study
(Table 2). Results of analysis on <30-day mortality (OR = 1.20, 95% CI: 0.81-1.78, p = 0.37)
and >30-day mortality (OR = 1.16, 95% CI: 0.95-1.41, p = 0.15) demonstrated similar mortal-
ity rates for Indigenous and non-Indigenous patients. However, Oceanic patients (OR = 1.29,
95% CI: 1.06-1.57, p = 0.01), and more specifically, Maori and PI patients from New Zealand
(OR =1.39,95% CI: 1.01-1.92, p = 0.04) had higher odds of >30-day mortality than non-
Indigenous patients. Indigenous patients undergoing orthopedic surgeries and, more specifi-
cally, amputations, had increased odds of <30-day mortality versus non-Indigenous patients
(OR =1.32,95% CI: 1.08-1.61, p = 0.006 and OR = 1.40, 95% CI: 1.10-1.77, p = 0.006). Of the
10 studies included in narrative analysis, only one found increased mortality rates for Indige-
nous patients (HR = 1.15, 95% CI: 1.05-1.26, p = NR) [58]. There were no significant
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differences in overall mortality in studies published before (OR = 1.28, 95% CI: 0.74-2.23,
p = 0.38) or after 2017 (OR = 1.10, 95% CI: 0.86-1.40, p = 0.46).

Hospital stay outcomes

Forty-five studies were included in the meta-analysis for hospital stay outcomes. There was a
significant increase in reoperation rates (OR = 1.33, 95% CI: 1.02-1.74, p = 0.04) and LOS for
Indigenous patients (SMD = 0.15, 95% CI: 0.02-0.29, p = 0.02). The difference in reoperation
rates (OR = 1.33, 95% CI: 1.02-1.74, p = 0.03) and LOS (SMD = 0.65, 95% CI: 0.14-1.16,

p = 0.01) before 2017 was statistically significant, while the difference in reoperation rates

(OR =1.35,95% CI: 0.61-2.97, p = 0.46) and LOS (SMD = 0.02, 95% CI: -0.04-0.08, p = 0.53)
after 2017 was not statistically significant. Oceanic Indigenous patients had the highest odds of
reoperation and longest LOS (SMD = 0.54, 95% CI -0.00-1.08, p = 0.05). There were no signif-
icant differences in readmission rates for either population group (S3 Table). The three studies
included in narrative analysis did not report significant differences in hospital stay outcomes
for Indigenous patients [51,53,59].

Discussion

This study presents a comprehensive overview and summary of the state of post-operative out-
comes for Indigenous populations. Our findings are consistent with existing literature that
describes disparate post-operative outcomes for Indigenous patients compared to non-Indige-
nous patients [14,16]. Specifically, this study presents evidence that Indigenous patients in
Canada, the USA, Australia, and New Zealand experience greater post-operative morbidity,
including infections and other systemic complications, than their non-Indigenous counter-
parts. We also found that long-term mortality was significantly increased for Indigenous
patients from New Zealand, echoing existing literature [60,61]. Additionally, this study
highlighted a high proportion of low-quality studies on the topic, as well as a very low repre-
sentation of Indigenous patients in published research, which is a call to action for researchers
to scrutinize this topic more thoroughly. Specifically, this study found that Indigenous people
in Australia and New Zealand had significantly higher post-operative morbidity and mortality
compared to non-Indigenous peoples. These differences were not statistically significant in
Canadian and American populations. However, previous studies, with differing inclusion and
exclusion criteria, have highlighted disparities between Indigenous and non-Indigenous surgi-
cal outcomes in Canada and the USA [16,62].

On an international stage, the UNDRIP was adopted by the UN General Assembly in 2007
to protect Indigenous Peoples worldwide, including enshrining the right of Indigenous Peo-
ples “without discrimination, to . . . health and social security” [13]. As previously mentioned,
Canada, the USA, Australia, and New Zealand were the only four countries to vote against this
Declaration in 2007 [13]. However, all four countries have since ratified and given their sup-
port for the Declaration, as well as adopted their own national frameworks [24,25]. On a
national level in North America, the TRC and ADRIP called on the healthcare sector to recog-
nize, measure, and close the gaps in Indigenous health outcomes [24,25]. To date, these calls to
actions have not meaningfully improved the reporting of Indigenous health outcomes in the
North American context, as evidenced by the preponderance of low-quality studies retrieved
in this study and the trend of increased post-operative infections and immunological compli-
cations in Indigenous patients evidenced in papers published in the last five years. However,
other metrics of post-operative may be improving, as evidenced in papers published in the last
five years, such as non-significant differences in overall morbidity, hospital LOS, and reopera-
tion rates for Indigenous patients. These conflicting results illustrate that it remains to be seen
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if the TRC, UNDRIP, and/or ADRIP will lead to the structural changes needed in healthcare
systems to ameliorate surgical inequities for Indigenous patients.

On a more positive note, there demonstrably has been more interest in studying these ineq-
uities, as evidenced by the exponential rise in publications centered on this topic and inclusion
of Indigenous patients in studies in the past five years. In our study, we found that the publica-
tion rate doubled over the last decade, from 22 in 2012-2016 to 45 in 2017-2021, and that this
translated into a seven-fold increase in the Indigenous population studied (22,364 vs 168,031
patients). In the USA, many of these publications were made possible thanks to the harnessing
of data and statistical power from the National Surgical Quality Improvement Program
(NSQIP), created by the American College of Surgeons (ACS) [63]. However, despite Cana-
dian institutions having access to NSQIP since as early as 2011, none of the Canadian studies
utilized NSQIP, which may partially explain the poor quality of studies from Canada (n = 6/9,
66.7%) compared to the USA (n = 15/39, 38.5%). One possible explanation for the lack of
NSQIP utilization in the Canadian context may be that the Canadian NSQIP databases do not
record ethnicity/race data, while this information is recorded in USA databases. This demon-
strates a lack of appropriate tools for measuring health equity, despite call to action 19 from
the TRC of Canada that states “we call upon the federal government, in consultation with
Aboriginal peoples, to establish measurable goals to identify and close the gaps in health out-
comes between Aboriginal and non-Aboriginal communities, and to publish annual progress
reports and assess long term trends” [24]. This is due in part to the respect for the First Nations
principles of ownership, control, access, and possession (OCAP) of First Nations’ data and
information [64]. Collecting and recording Indigenous status in national databases, in accor-
dance with OCAP principles and with collaboration with Indigenous communities, would
directly help address this call to action, and we recommend re-visiting current Canadian poli-
cies against collecting ethnicity data to better analyze differences in healthcare outcomes
between various ethnic groups.

Systemic racism and discrimination are prevalent in post-colonial health systems. These
factors likely contribute to the observed disparities in surgical outcomes in this study, rather
than Indigenous culture itself [8,65]. Institutions, including healthcare systems, created by set-
tlers were designed to benefit the colonizers and disadvantage original inhabitants. Indigenous
Peoples around the world were purposefully exposed to infectious diseases, denied treatments,
experienced forced sterilization, and were banned from practicing their traditional ways of
healing [66,67]. We must acknowledge the ongoing effects that colonization contributes to the
current and lasting socioeconomic marginalization and consequent health care disparities
experienced by Indigenous populations globally [68,69]. In this way, we can confront and
begin to close these gaps. As a global surgical community, it is essential to reimagine models of
surgical care that confront the impacts of colonialism on underserved populations. Reimagin-
ing surgical models to comprehensively integrate contextualized, longitudinal, and commu-
nity-centric methods that meet the unique needs of Indigenous patients may help to diminish
these gross surgical disparities and improve the health of Indigenous patients.

Limitations

The heterogeneity among surgical specialties, geographies, and distinct Indigenous groups
challenged this meta-analysis. While we limited our search to Canada, New Zealand, Australia,
and the USA, it is important to recognize the unique and varied Indigenous groups across
these countries who, while facing similar health and social inequities, have distinct cultural,
social, and political ways and practices. The nuances created by heterogeneity in our sample
cannot be fully addressed in the scope of this article, nor is there available data to allow for
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sub-analyses by distinct Indigenous groups. Further, there are substantial differences in the
healthcare systems in the four included countries, which undoubtedly influence health out-
comes for marginalized groups. Additionally, we used “number of events” rather than “num-
ber of patients” as our population number in the morbidity analysis. Therefore, this study may
have overestimated the independence of each event. A single patient may experience multiple
different complications, but these were included in the analysis as independent events per
patient, not number of patients who experienced complications. The results of this study are
also limited by the poor quality of studies available in the literature. Indeed, half of the
included studies were judged to be of poor quality, with a majority being predominantly retro-
spective in nature and many reporting unadjusted results. We used publication date as
opposed to cohort years for our sub-group analysis on time. Consequently, some cohorts
include years prior to 2017. Finally, the lived experiences of diverse Indigenous patients across
the world and the true impact of racism and system inequities in healthcare the outcomes
experienced by Indigenous patients cannot fully be addressed in a meta-analysis of post-surgi-
cal outcomes. While out of this study’s scope, it is important to consider the adverse impacts of
systemic racism on health status prior to patients undergoing surgery, including but not lim-
ited to disparities in access to culturally appropriate primary and preventative care as well as
lack of timely access to surgical care.

Conclusion

This study provides evidence that Indigenous patients in Canada, New Zealand, Australia, and
the USA continue to experience worse post-operative outcomes compared to non-Indigenous
patients. Furthermore, despite multiple calls to action on both national and international levels
to assess and address the impacts of colonialism and health inequities for Indigenous popula-
tions, the availability of good quality studies on surgical health of Indigenous patients is lim-
ited. In order to address the inequities in post-operative outcomes for Indigenous Peoples, we
must re-imagine models of surgical care that comprehensively integrate preventative and
long-term post-operative care and prioritize accessible, feasible, and culturally appropriate
care for Indigenous groups. Lastly, while there has been a significant increase in studies
focused on and including Indigenous patients since 2017, further research is needed to investi-
gate the upstream adverse impacts of systemic racism on Indigenous health prior to patients
undergoing surgery.
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