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ABSTRACT

Introduction and objective

Maternal morbidity and mortality (MMM) is a public health concern in the US, with Native
American (NA) women experiencing higher rates than non-Hispanic White women. However,
research examining specific risk factors (RF) for MMM outcomes experienced by NA women is
limited. This systematic review comprehensively synthesizes and critically appraises the

literature on individual and community risk factors for MMM.

Methods and analysis

A systematic search was performed in PubMed, Embase, CINAHL, and Scopus for articles
published since 2012 using database-specific controlled vocabulary for MMM and NA. Selection
criteria included studies with an observational study design, set in the US, including NA women
in the perinatal period, and examining the relationship between an RF and an MMM outcome.
Three reviewers screened and extracted data from the included studies. Risk of bias was assessed
using the NIH's quality assessment tools for cohort, cross-sectional, and case-control studies. The

data were analyzed using a descriptive approach.

Results

Fifteen studies were analyzed. NA women were the primary study population in 7 studies. All
studies used administrative databases. The study settings were nationwide (7 studies), statewide
(4 studies), and on Indian reservations (4 studies). Nine MMM outcomes were identified (e.g.,
postpartum hemorrhage and disseminated intravascular coagulation). Most studies examined
hypertensive disorders of pregnancy (8 studies) and composite MMM (4 studies) as outcomes.

Twenty-six RFs were identified. Twenty-four were individual-level RFs, and two were

3
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community-level. Being of NA race (6 studies), rural maternal residency (4 studies),

overweight/obese BMI (2 studies), maternal age (2 studies), nulliparity (2 studies), and

oNOYTULT D WN =

preexisting medical conditions (1 study) demonstrated increased risk with an MMM outcome.

1 Conclusion

14 These findings underscore the scarcity of research on the role of RFs and MMM outcomes for
16 NA women. This scarcity confines the ability of healthcare and public health organizations to

design and implement tailored approaches to reduce disparities.

PROSPERO registration number CRD42022363405.
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ARTICLE SUMMARY

Strenghts and limitations of this study

e The review searched a variety of databses to identify a wide range of studies on maternal
morbidity and mortality in Native American women in the United States.

e The review incorporated studies conducted on Indian reservations and within specific
tribal health systems, providing insights tailored to the unique contexts and experiences
of Native American women.

e The review synthesizes and critically appraises the limited existing literature on risk
factors for maternal morbidity and mortality specifically among Native American women
in the United States.

¢ Many included studies had small sample sizes or low percentages of Native American
women, limiting the generalizability of the findings to this specific population.

e Included studies relied on administrative databases, which introduce potential reporting
biases and misclassification issues, especially concerning the racial categorization of

Native American participants.

5
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INTRODUCTION

Maternal morbidity and mortality (MMM) are alarming public health problems in the United

oNOYTULT D WN =

9 States. The Centers for Disease Control and Prevention (CDC) defines maternal mortality as the
11 death of a woman during pregnancy, at delivery, or soon after delivery. [1] Severe maternal

13 morbidity (SMM) refers to complications during labor and delivery with short- and long-term
health consequences (e.g., sepsis, blood transfusion, preeclampsia, or hysterectomy). [2,3] The
18 US has one of the highest maternal mortality ratios of any high-income country, reporting 26.4
20 maternal deaths per 100,000 live births. In contrast, Finland has the lowest maternal mortality
ratio of 3.8 maternal deaths per 100,000 live births, a value nearly seven times lower than the

25 US. [4] The causes behind the rising MMM rates are not fully understood but involve complex
27 interactions of factors at patients and families, providers or facilities, overall systems, and within

the community at various points in the reproductive life cylce. [5]

32 Significant racial and ethnic health inequities persist in maternal health. [6-9] Native American

women are three to four times more likely to die than non-Hispanic White women from
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37 pregnancy-related complications in the US and are three to five times more likely to experience
39 SMM than non-Hispanic White women. [6,10,11] Historical trauma, racism, colonization,
genocide, forced migration, reproductive coercion, and cultural erasure contribute to these

44 adverse outcomes. [12—14] Native American women experience unique prolonged systemic

46 barriers that create inequitable social conditions compared to other groups. [14—16] Some

systemic barriers affecting include limited access to providers and birthing facilities. [14,17,18]

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

51 In addition, a history of forced sterilization and forced infant and child separations has led to a
53 strong distrust of the healthcare systems and providers, including the Indian Health Service. [19—
55 21]
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Rationale

Despite these concerns, only a sparse amount of research supports the presence MMM risk
factors specific to Native American women. A recent scoping review on Native American
women and the leading causes of maternal mortality in the US identified risk factors like
historical trauma, inequities in healthcare availability, access and utilization, preexisting health
conditions, and rurality. [22] A separate review of social determinants of pregnancy-related
mortality and morbidity identified that race was a significant factor for MMM. [3] However, the
review did not provide a list of risk factors specific to Native American women, nor did it
include a study that evaluated maternal deaths among Native American women. [3] There is a
need to explore further and assess the quality of research specific to MMM risk factors
experienced by Native American women. Identifying this information can help identify areas for
prevention focused on Native American communities. Therefore, this systematic review aims to
comprehensively synthesize and critically appraise the literature on MMM risk factors

experienced by Native American women.

Objective

To assess and critically appraise individual and community-level risk factors for pregnancy-

related morbidity and mortality experienced by Native American women in the US.
METHODS

Eligibility criteria

This systematic review follows the Preferred Reporting Items for Systematic Reviews and Mata-

Analyses (PRISMA) guidelines. [23] Inclusion criteria for studies were: 1) observational study

design; 2) study set in the United States; 3) population was Native American women in the

7
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Two independent reviewers extracted data using Covidence. [24] The data collected included

study details such as location, study design, and eligibility criteria, methods, year of the article,
year(s) of study, data source, objectives, sample size and population, independent (risk factors)
and dependent (outcomes) variables, key findings, measures of effect/association with p-values
and confidence intervals, and limitations. If there were disagreements between the reviewers, a
third reviewer arbitrated. For any missing information, the lead author contacted corresponding
authors to request for information. Authors were contacted three times via email or phone. Any

discrepancies within data extraction were reviewed and discussed in a team setting.

Data items

Primary outcomes of interest were maternal morbidity and mortality, including severe maternal

morbidity (SMM) based on the CDC’s list of 21 diagnoses and procedures (Table 1). [25]

Table 1 Outcomes of interest

Mortality and near-misses

Severe maternal morbidity diagnostic or Acute myocardial infarction
procedural outcomes Acute renal failure

Adult respiratory Distress Syndrome
Amniotic fluid embolism

Aneurysm

Cardiac arrest

Disseminated intravascular coagulation
Eclampsia

Heart failure

Puerperal cerebrovascular disorders
Pulmonary edema

Sepsis

Severe anesthesia complications
Shock

Sickle cell anemia with crisis
Thrombotic embolism

Blood transfusion

Conversion of cardiac thythm
Hysterectomy

9
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1

2

3 Temporary tracheostomy

4 1 .

5 Ventilation

6 Additional morbidity outcomes Postpartum hemorrhage

7 Ectopic pregnancy

8 Placental abruption

9 Uterine atony

10

11

12

1 i This list was used to identify additional articles that did not utilize a composite outcome of

15 .- . . . .

16 severe maternal morbidity or mortality and instead had a more focused outcome in their

17

18 investigation. Given the scope of this review, the terms "pregnancy complications," "obstetric
19

;‘1) complications," "labor complications," and "near-miss" were added to the list of outcomes to
22 . ce . . . ..

23 increase the sensitivity of the review. Pregnancy, labor, and obstetric complications all refer to
24

25 conditions or pathological processes associated with pregnancy. [26] They can occur during or
26

27 after pregnancy, ranging from minor discomforts to severe diseases requiring medical

28

gg interventions. These include diseases in pregnant women, and pregnancies in women with

31 . . . . .

32 diseases. Near-miss refers to an event that presented a risk but did not result in death. Maternal
33

34 mortality refers to the death of a woman while pregnant or within one year of the end of a

35

g? pregnancy, regardless of the outcome, duration or site of the pregnancy, from any cause related
38 . . ..

39 to or aggravated by the pregnancy or its management, but not from accidental or incidental

40

41 causes.[27]

42

43

44 The search strategy was pilot tested in PubMed, finalized, and adapted to other databases. The
45

46 complete search strategy is available in Appendix 1. The results from each database-specific
47

22 search strategy were downloaded from the respective databases and uploaded to the EndNote
50

51 version 20 reference manager software. [28] After removing the duplicates, the citations were
52

53 imported into Covidence.

54

55

56 Study risk of bias assessment and certainty assessment

57

58 10

59
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Risk of bias was assessed using the NIH’s Quality Assessment Tool for Observational Cohort
and Cross-Sectional Studies, and Case-Control Studies to examine critical concepts for each
study's validity. [29] Two independent reviewers used the tool criteria and rated articles as
"good," "fair," or "poor" quality. A rating of "good" meant that there was the least risk of bias,
and the results were considered valid. [29] A "fair" rating indicated susceptibility to some bias
but was still insufficient to invalidate its results and would vary in their strengths and
weaknesses. [29] A "poor" rating indicated a significant risk of bias and invalidated its results.
[29] When the ratings differed, a third reviewer arbitrated the article's rating to reach a

consensus.

Effect measures

Measures of effect such as risk and odds ratios with 95% confidence intervals were extracted.

Descriptive statistics like prevalence and incidence were also included.

Synthesis methods

A description of the findings for each study included in the review is provided in Appendix 2.
This table includes the risk factors and outcomes of interest and study characteristics. A
descriptive synthesis of the results was the most appropriate for this review since there was a
large diversity of study designs, risk factors, and outcomes. The variety of the studies included in
this review hindered any quantitative synthesis of the identified risk factors' effect sizes. The
identified risk factors are also organized into socioecological levels (i.e., individual, family,
community, society, or systems). Risk factors were grouped by outcome examined. The
information that was reported for each risk factor included 1) the number of studies that analyzed

the risk factor, 2) the number of studies that had a measure of effect for a risk factor and was

11
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reported to be statistically significant, and 3) the number of studies that had a measure of effect

for a risk factor, and was not statistically significant. Ratings and descriptive information for

oNOYTULT D WN =

each article are provided in a tabular format.

11 [INSERT FIGURE 1]
14 RESULTS

17 Study Selection and study characteristics

20 A total of 8,220 articles were identified, of which 357 duplicates were removed, resulting in

22 7,863 articles for screening (Figure 1). During the screening process, there were 6,967
agreements for inclusion and 896 conflicts resolved by an arbitrator, for an overall percent

27 agreement of 88.6%. The selection process yielded a total of 145 articles, of which 15 were

29 included in the review. [10,11,30-39] The most common reasons for study exclusion were:
wrong patient population (41 studies), wrong setting (22 studies), and wrong type of publication

34 (21 studies). Most (80.0%) studies used secondary data to examine associations between risk
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36 factors and outcomes. There was an equal number of studies across three study designs (5 studies
38 each). The sample size across all studies ranged from 196 to 51,685,525 with a mean sample size
0f' 4,479,962, a median of 72,697, a standard deviation of 12,732,821.6, and an interquartile

43 range of 2,123,375.0. Seven studies focused primarily on Native American women (i.e., the

45 study sample made up mainly of Native American women).[32-34,36-38,40] The remaining

eight studies included Native American women as a subgroup in their

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

50 sample.[10,11,30,31,35,39,41,42] Of these eight studies, the percentage of Native American
52 women that were part of the overall sample ranged from 0.41% to 10.1%, and six of these studies

had a proportion of Native American women in their sample that was < 1.35%. The total number

58 12
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of Native American participants across all studies ranged from 196 to 492,771 with a mean of
57,266.5, a median of 7,107, a standard deviation of 129,234.2, and an interquartile range of

26,817.0. Study settings included nationwide (7/15 studies) [10,11,35,36,39,41,42] , statewide
(4/15 studies) [30,31,37,38], and on Indian reservations (4/15 studies) [32—34,40]. All studies

used administrative databases such as birth vital records or hospital medical/discharge records.

Risk of bias in studies

Thirteen studies were rated as "good” and two were rated as "fair" according to the NIH’s Study
Quality Assessment Tools. See Appendix 3 for individual assessments of quality. Amongst the
cohort and cross-sectional studies, fourteen were rated "good," [11,30,31,35,39—43] while one
was rated "fair." [36] Most studies did not assess the exposure more than once over time (7/10
studies). [30,31,35,39-41,43] A smaller proportion were unable to demonstrate that the exposure
of interest was measured before the outcome being measured (5/10 studies) [11,36,39,42,43] or
did not adjust models to include potential confounders to assess their impact on the relationship
between exposure(s) and outcome(s) (3/10 studies).[36,40,42] The reviewers were unable to find
evidence in some studies if the outcome assessors were blinded to the exposure status of
participants (3/10 studies) [11,36,42] or whether there was a loss to follow-up amongst the
cohort studies (3/5 studies). [30,35,40] Amongst the case-control studies, four were rated as
"good" [32-34,37] while one was rated as "fair." [38] The reviewers ascertained that some
studies failed to provide a sample size justification (3/5 studies) [32-34] or did not randomly

select cases and/or controls from the eligible study population (2/5 studies). [33,38]

Results of individual studies and syntheses
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v9)

<

(]

1 3
2 5
3 Nine outcomes were identified in the studies: hypertensive disorders of pregnancy (preeclampsia, =
4 @
5 . . . . . 2
6 severe preeclampsia, gestational hypertension, and hypertensive disorders of pregnancy), blood §
(%]

7 =
8 transfusions, postpartum hemorrhage, disseminated intravascular coagulation (DIC), %
9 [%2]
=

1? hysterectomy, ectopic pregnancy, uterine atony, placental abruption, and SMM and/or mortality 2 =
[y

o 9w

12 . . . . e g . . i
13 as a composite outcome. Twenty-six risk factors were identified, 24 of these were individual risk é g
14 . o . o _— g3
15 factors while two were community risk factors. No studies examined interpersonal/relationship g S
16 2 B
17 (e.g. marital status or social support) or societal levels (e.g. historical trauma, structural racism, g E
18 - ®
19 .. . 5 8
or discrimination) risk factors. o ©

20 5 o
2 3 o
;g Table 2 lists the frequency by which each risk factor and outcome was studied in the literature. A 3 2
o

24 . . . o . 2m3
25 majority of studies examined "hypertensive disorders of pregnancy" (8/15 studies) [30-35,37,42] 253
o a0
27 and "severe maternal morbidity and/or mortality" (4/15 studies) [10,11,39,41] as outcomes. o2 §
28 525
. . .. .. . . =~ 0

;g Fewer studies examined the remaining outcomes. A majority of studies examined body mass Qe
52

Qoo =

31 . . ) > =0
32 index (BMI) (6/15 studies) [30—34,38], maternal age (6/15 studies) [32—36,40] , maternal race ?,g §
33 555
34 (5/15 studies) [10,31,39-41], and parity (5/15 studies) [32—34,38,40] as risk factors for various 3 ﬁﬁg
35 =L
26 outcomes. Table 3 is a summary table that reports the number of studies grouped by outcome, the i' <
7 =
3 3

gg risk factors examined for associations, and the direction of those associations. Appendix 2 % S
40 a 3
41 summarizes additional details on study design, sample size, and data sources; exposures and 2 3
42 ; E-
43 outcome variables; covariates; key findings including the measures of effect and study quality 3 3
44 2 o
-]

45 : D o
i ratings. s 5
= D

47 e
48 & N
49 &
50 ]
. . >

o1 Table 2. Risk factors and outcomes by volume of studies a
52 =
o Risk Factor @
54 =
55 =
56 S
57 =
58 14 _;5:
59 @
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Body mass
index

Age
Maternal race
Parity
Maternal
residence
Gene
expressions
Tobacco use
Birth primary
payer type
Mag Sulfate
Use

Inpatient
induction
Augmentatio
n
Birthweight
Physical
health/
chronic
health status
Gestational
diabetes
Behavioral
health status
Indian Health
Service
region
Gravidity
Routine
aspirin use
Prior uterine
incision or
VBAC
Macrosomia
Antepartum
Bleeding
Previous PPH

BMJ Open

No. of
Studies
SMM | HD BT | PPH | DIC | Hyst| EP | UA | PA | Examining
M P .
Each Risk

Factor
0 5 0 1 0 0 1 1 0 7
0 4 0 1 0 0 1 0 6
3 1 2 1 1 1 0 0 5
0 3 0 1 0 0 0 0 5
2 1 2 0 1 1 0 0 0 3
3 0 0 0 3
2 0 0 0 0 0 1 2
1 0 1 0 0 0 0 0 0 1
0 0 0 2 0 0 0 1 0 2
0 0 0 2 0 0 0 1 0 2
0 0 0 1 0 0 0 1 0 1
0 0 0 1 0 0 0 1 0 1
1 0 0 0 0 0 0 0 0 1
0 1 0 0 (0] (0] 0 (0] 0 1
1 0 0 0 0 0 0 0 0 1
0 0 0 0 0 0 1 0 0 1
0 0 0 0 1 0 0 1 0 1
0 0 0 1 0 0 0 0 0 1
0 0 0 1 0 0 0 0 0 1
0 0 0 1 0 0 0 0 0 1
0 0 0 1 0 0 0 0 0 1
0 0 0 1 0 0 0 0 0 1
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v9)
<
(]
1 3
2 2
3 L =
ength of =
4 : 0 o 0o 1 0 0 0 0 0 1 2
s labor ©
p Oxytocin use 0 0 0 1 0 0 0 0 0 1 S
7 Chorioamnio =
" 0 0 0 1 0 0 0 1 0 1 8
8 nitis o
9 Retai o
etained
10 ) 0 0 0 1 0 0 0 1 0 1 5 ©
11 placenta 3B
12 No. of o S
13 Studies g 3
14 Examining 4 8 2 2 2 1 1 1 1 15 < 38
15 Each g 3
1? Outcome = §
18 *Acronyms: severe maternal morbidity and mortality (SMM), hypertensive disorders of pregnancy (HDP), blood G;:: g
transfusion (BT), postpartum hemorrhage (PPH), disseminated intravascular coagulation (DIC), hysterectomy =5 ®
19 (Hyst), ectopic pregnancy (EP), uterine atony (UA), and placental abruption (PA) o %
20 + The HDP category includes pre-eclampsia, severe pre-eclampsia, gestational hypertension, and hypertensive S.. o
21 disorders of pregnancy. a ,i
22 - ®
23 = 3
25 a 8.g
26 TR
27 838
28 = g N
29 T v 5
30 =53
31 s2c5
[oRre g_
32 > S o
33 5=
34 EYE
35 5~z
36 &z
37 § =
38 s 3
39 Z 3
40 @ 3
41 gg’ §
42 o 3
43 S 3
44 2 9
45 T o
47 S ~
48 Q N
49 3 »
50 R
51 &
52 o)
53 ®
54 g
55 =
56 S
57 =
58 16 é
59 ®
60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml Y


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Table 3. Summary of risk factors and outcomes by risk/association category*

Outcome

TIncreased risk or
positive

association

Hypertensive disorders of pregnancy

(8 studies)

Pregnancy
induced
hypertension

Rural maternal
residency''’8

Maternal age 35 years or
older and smoked during
pregnancy!?7!

—No association

Continuous smokeless
tobacco use??3°
Continuous cigarette
smoking??30

|Decreased risk or
negative
association

Maternal age<35 years
and smoked during
pregnancy’’!

Pre-eclampsia

Native American maternal
races14l

Overweight/obese
BMI7372 835, 836, 837

Age at delivery?®3>336
Nulliparity’35 836,837
Gestational diabetes®3”
Genetic factors
CRP A,
153093077, (T
allele additive)®3¢
MBL2, rs1800451,
(T allele dominant)
836
IL1A, rs3273550,
(T allele dominant)
836
CTLA4, 1s21775,
(A allele
dominant) 83¢
CRP, rs3093068,
(G allele
additive)33’
CRP, 53093068,
(G allele
dominant)337
CRP, 15876538, (C
allele additive)®7
CRP, rs876538, (C
allele recessive)3’

Continuous smokeless
tobacco use??3’
Continuous cigarette
smoking?*3

Age at delivery 837
BMI8141

Genetic factors
CRP_B, rs1205,
(A allele dom)33©
CRP C,
rs1130864, (T
allele dom)33©
CRP, 15876538, (C
allele dominant)®37
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1

2

3 Severe pre- Nulliparity®35 837 Age at delivery??’ Genetic factors

4 eclampsia Obese BMI%36,537 CRP_A,

5 Age at delivery® 153093077, (T

6 Gestational diabetes®’ allele additive)®3

7 Genetic factors CRP_B, rS120%6

8 MBL2, 131800451, (4 allele dom)

9 (T allele dominant) CRP_C,

10 336 rill 113(2186438(3{

allele dom

1 IL1A, rs3273550, e o35, (C
(T allele ¢ e

12 dominant)®36 allele dominant)

13 CTLA4, rs21775,

14 (A allele

15 dominant)$36

16 CRP, 153093068,

17 (G allele
additive)®3’

18 CRP, rs3093068,

19 (G allele

20 dominant)®’’

21 CRP, 5876538, (C

22 allele additive)®37

23 CRP, 13876538, (C

24 allele recessive)

25

26 Severe Maternal Morbidity and/or Mortality
27 (4 studies

28 Severe maternal | Native American Native American
29 morbidity maternal race'”’ maternal race®>?
30 (SMM) with Any physical health
31 transfusions condition'”?
32 Any behavioral health
33 condition!!”
34 Multiple chronic
35 conditions!!?
36 Severe maternal Rural maternal
37 morbidity residency*'!’
38 without
39 transfusions
40 Severe maternal | Rural maternal Urban maternal
41 morbidity and residency’*?! residency’*?!
42 mortality Native American race*’!’
43 (SMMM) Medicaid funded
births3+*!

44
45 Blood Transfusions
46 (2 studies)

47 Rural maternal
48 residency’#?1, 4010
49 Medicaid-funded
50 births34!

51 Native American
52 maternal race*'’’

gi Postpartum Hemorrhage (2 studies)
55
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Uterine Atony
(1 study)

Gravidity<5'331
Induction
augmentation'33!
Chorioamnionitis'33!

Ectopic Pregnancy
(1 study)

Placental Abruption
(1 study)

Native American
Maternal race'3!
Gravidity<5'31
Birthweight>4500g'3!
Retained placenta'’3!
Magnesium sulfate
usell31, 2944

Antepartum bleeding?**
Previous postpartum
hemorrhage**

Third stage of
labor=>20m***
Maternal rural
residence”*

Fetal macrosomia®***
Oxytocin use>12h**
Routine aspirin use?**
Prior uterine incision and
vaginal delivery?#
Pre-eclampsia without
severe features without
use of magnesium
sulfate?44

Parity>5%244

Length of second stage of
labor> 1h?*#

Inpatient induction
length> to 36h>%4

Native American
maternal race’33!
Birthweight>4500g'33!

Maternal age>19
years'6!
THS region'®!

Continuous use of
smokeless tobacco?23°
Continuous cigarette
smoking?230

Disseminated Intravascular Coagulation

(1 study)

Hysterectomy
(1 study)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Prior uterine incision?***

Native American race*®!® | Rural maternal
residency?'’?
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=
(]
1 3
2 5
3 Native American race*’' =
4 Rural maternal 2
5 residency*010 g
6 *BMI, body mass index; h, hours; m, minutes; significant associations are italicized and bolded, significant b
7 association in the same direction as categorized g
8
9 i3
10 T 5
11 Specific to hypertensive disorders of pregnancy as an outcome having a rural residency (1/1 2 E
12 g 9
. . . ® g
1 i studies), an overweight or obese BMI (4/5 studies), age above 35 years also referred to as - %
< ©
1 . o . o . g 3
12 "advanced maternal age" (1/4 studies), and nulliparity (3/3 studies) were significantly associated § 5
< O
17 o . o - g R
18 with increased risk. [30,32—-34,42] Genetic predispositions to hypertensive disorders of =8
19 3 8
20 pregnancy were not significantly associated with increased risk (3/3 studies). [32—-34] Studies s g
21 5 5
« N
;g that focused on severe maternal morbidity and/or mortality as a distinct composite outcome 3 2
o
2 o . . . . . y 2m3
25 identified being a Native American race (2/3 studies), having a physical health condition (1/1 o2 3
26 N
27 study), a rural residency (1/2 studies), and Medicaid funded births (1/1 study) as significantly S §
28 525
-0
gg associated with increased risk. The risk of blood transfusions was significantly associated with S
=53
Qoo =
31 . . . . . . 229
32 Native American race (1/1 study), rural residency (2/2 studies), and Medicaid-funded births (1/1 oe §
> 555
34 study). [10,11,39] Postpartum hemorrhage risk was significantly associated with being of Native g ﬁg
35 e
36 American race when compared to other racial/ethnic groups, a gravidity <5, a birthweight of 28
37 § =
= 3
gg 4500g, having a retained placenta, magnesium sulfate use (2/2 studies), antepartum bleeding, %; S
40 a 3
41 previous postpartum hemorrhage, being in third stage labor greater than 20 minutes, maternal ) ‘_g
42 o 2
43 rural residency, fetal macrosomia, and oxytocin use for longer than 12 hours. [38,40] Other 3 3
44 ® o
-]
22 outcomes, such as uterine atony, ectopic pregnancy, hysterectomy, and positively associated risk § §
= D
47 . . . . . . . . o g ~
48 factors, are further described in Appendix 2. This systematic review did not identify risk factors 8 B
49 &
50 significantly associated with placental abruptions. ‘i
51 Q
52 S
53 This systematic review also identified factors that demonstrated no association or a reduction of ®
54 @
=2
g 2 risk for Native American women. For pregnancy-induced hypertension, one study identified that S
57 3
58 20 é
59 @
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continuous smokeless tobacco use and cigarette smoking had no association. [37] A separate
study determined that an age younger than 35 had a decreased risk of hypertensive disorders of
pregnancy compared to those older than 35. [40] One study found no association between
hypertensive disorders of pregnancy (e.g., preeclampsia) and BMI. [31] While one of the three
studies that focused on genetic predisposition identified that having CRP_B, rs1205, (A allele
dominant) decreased risk. [32] Native American race and rural residency were found to have no
risk of severe maternal morbidity and/or mortality in three distinct studies. [10,39,41]. One study
did not find an association between having a prior uterine incision and postpartum hemorrhage.
[38] Another study found no association between uterine atony and having a gravidity greater
than 5, induction augmentation, or chorioamnionitis. In contrast, a separate study found no

association between disseminated intravascular coagulation and a rural residency. [10,40].

Reporting biases and certainty of evidence

All studies had a reliance on administrative data sources to assess outcomes and exposures
simultaneously. All studies noted this to be a considerable limitation in their study design. Four
studies noted concerns with small sample sizes, missing exposure and outcome data, and critical
demographic information that may have led to misclassification bias. Two studies considered
reporting bias in their study designs, while almost all studies (14/15 studies) referred to the
misidentification of Native American women based on predetermined guidelines for race

designation.

DISCUSSION
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v9)
<
(]
1 3
2 5
2 This systematic review synthesized the current literature by conducting a broad search of =
5 o - ST 2
6 outcomes associated with maternal morbidity and mortality and identifying their associated risk S
7 2
8 factors for Native American women in the US. A large number of studies identified risk factors §
9 n
=
1(1) at the individual level concerning maternal outcomes; of these, the majority suggested that an 2 =
[y
o 9w
12 . . . e 2
13 overweight or obese BMI, advanced maternal age, parity, and rural maternal residency are g g
14 S . . . . . g3
15 associated with Native American maternal morbidity or mortality. Few studies contradicted these g S
16 2 B
17 findings and demonstrated no association with Native American race, rural maternal residency, g E
18 o®
-9
. . . . . >
;g or advanced maternal age. One study found no association with hypertensive disorders of 2 §
(o}
21 o . . . . > 3
22 pregnancy, including pregnancy-induced hypertension, preeclampsia, and severe preeclampsia N
o
23 - g
c
24 with continuous smokeless tobacco use or continuous cigarette smoking. [37] ‘é r:”g
[%]
27 Studies assessing the relationship between genetic factors and preeclampsia or severe S §
28 525
. . . . - . . =~ 0
gg preeclampsia were completed in an Indian Reservation within a specific tribal health system. Qe
52
Lo =
31 . . ) . e e e . . 2=9
32 [32-34] This ensured that the findings were specific to supporting community initiatives with oe %
33 | | | . 532
34 tribal support. These studies uncovered that there may not be evidence of an association between 3 %g
35 =L
36 genetic expression and preeclampsia for Native American women. However, all these studies i' <
37 Z 5
3 3
gg concurred that many of the risk factors, such as maternal age, nulliparity, and obesity, that are %; S
40 a 3
41 associated with preeclampsia and severe preeclampsia in other populations were also operative in 2 3
42 ; E
43 Native American communities. [32—34] 3 3
44 2 o
25 5 ¢
46 Unfortunately, we identified a small number of risk factors at the community level of the z 3
47 e ~
S
jg socioecological model (i.e., maternal residency and Indian Health Service region). This < §
n Ul
50 S .. . . 2
51 limitation further indicates the need to expand research to identify and understand the role of Z
52 S
53 community and society-level risk factors on maternal health among Native American women in ®
54 @
S
gg the United States. Determinants of health such as access to behavioral and primary care services, S
57 3
58 22 é
59 @
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housing, crime and violence, and health policies have been demonstrated to contribute directly to

maternal mortality and morbidity in more extensive population studies. [44]

In addition, this review was only able to identify a minimal number of studies that examined risk
factors for maternal morbidities. This low number of studies further limits our ability to correctly
identify any level of agreement for these findings on the outcomes. Surprisingly, this review
could not find any information on prenatal care utilization patterns and their association with
maternal mortality or morbidity despite strong evidence supporting adequate prenatal care
utilization in culturally informed healthcare institutions. Early and adequate prenatal care is
thought to promote healthy pregnancies through screening and managing a woman's risk factors

and health conditions and promote healthy behaviors during pregnancy. [6]

This study focused on a very clinical outcome in Native American women; however, it's critical
to note that there were other risk factors and outcomes that did not necessarily manifest
themselves during the delivery event that can also lead to morbidity and mortality, such as
postpartum depression, substance use behavior, or exposure to infectious diseases. There
continues to be a gap in the literature exploring the relationship between depression and maternal
morbidity and mortality in Native American women. [45] In addition, the effects of historical
trauma, discrimination, and racism were not considered in this study despite it being a significant
determinant of health in the lives of Native American peoples. [17] These experiences have
played a role in the weathering of health status for Native American women. The weathering
hypothesis suggests that cumulative stress from racism and socioeconomically disadvantaged

communities produce a weathering effect on health that can explain disparate outcomes. [13]

Appraisal
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=

(]

1 2
2 >
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aligned with the study hypothesis. Improvements in the collection of social determinants of
health in administrative databases have demonstrated a promising approach to further study the
effects of these determinants on population health. [47] Studies also mentioned the lack of
consistency in data quality, such as the accuracy of self-reported data or the level of detail

collected, including missing data.

Strengths and limitations

Our systematic review face some limitations. The search terms in MeSH and other standardized
language posed a unique challenge as the terms "maternal morbidity" and "maternal mortality"
were non-existent. Therefore, this systematic review adopted an expansive search strategy
informed by other published literature. [3,48] There is a possibility of missing articles, given that
an adopted search strategy was used. Addiitonally not all MesH terms in PubMed translated into
other standardized languages for other databases. There is a risk of publication bias and selective
reporting of significant findings in the studies. Using NIH's quality assessment tools which are
not independently published nor standardized may introduce bias due to the qualitative nature of
the review. Despite this, other systematic reviews have built the evidence supporting the utility
and practicality of utilizing this tool in critical review of published evidence. [3] Furthermore,
the diverse methodologies prevented us from conducting a meta-analysis, so our findings are
descriptive and guide future research on risk factors for maternal morbidity and mortality in

Native American women.

Despite these limitations, this systematic review is one of the few that identifies risk factors for
various outcomes indicating severe maternal morbidity and mortality among Native American
women in the US. We comprehensively reviewed the current literature using multiple search

strategies followed the CDC's list of procedural and diagnoses for SMM. This systematic review
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Screening

Studies from databases/registers (n = 8220)

References removed (n = 357)
Duplicates identified manually (n = 0)
Duplicates identified by Covidence (n = 357)
Marked as ineligible by automation tools (n = 0)
Other reasons (n =)

\ /4
Studies screened (n = 7863) >| Studies excluded (n = 7718)
\ 4
Studies sought for retrieval (n = 145) >| Studies not retrieved (n = 0)
A\ 4
. S _ | Studies excluded (n =130)
Studies assessed for eligibility (n = 145) > Wrong setting (n = 22)

v

Studies included in review (n = 15)

Wrong outcomes (n =11)

Wrong study design (n =9)

Wrong patient population (n = 41)

Wrong type of publication (n = 21)

Missing risk factor or exposure (n = 14)

Focus on neonatal or infant outcomes (n = 7)
Missing measure of association or effect (n = 5)
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2 Appendix 1. Search Strategy by Database 5
> E
6 PubMed Search Strategy =2
7 #1 birth[tiab] OR labor[tiab] OR delivery[tiab] OR mothers[tiab] OR maternal[tiab] OR "peripartum %
8 period"[mesh] OR peripartum[tiab] OR "labor, obstetric"[mesh] OR "obstetric*"[mesh] OR ;—
9 "obstetric*"[tiab] OR "pregnancy"[mesh] OR "pregnan*"[tiab] OR "perinatal"[tiab] OR "prenatal"[tiab] ﬁ
1(1) OR "parturition"[mesh] OR "parturition"[tiab] a'? ;f
=

o 9w

(o2

1; #2 "tribal" OR "tribe" OR "first nations" OR "indigenous peoples"[mesh] OR indigenous OR "health é g
14 services, indigenous"[mesh] OR "american indians or alaska natives"[mesh] OR "american indian*" OR g é'
15 "indians, north american"[mesh] OR "native American" OR "alaska native" g 2
16 2 B
17 #3 "severe maternal morbidity" OR "near miss" OR "adverse maternal outcomes" OR "maternal Q R
18 mortality" OR "Near Miss, Healthcare"[Mesh] OR "Pregnancy/Adverse Effects"[Mesh] OR - %
19 "Pregnancy/Injuries"[Mesh] OR "Pregnancy/Mortality"[Mesh] OR "Pregnancy/complications"[Mesh] OR a §
;? "Obstetric Labor Complications"[Mesh] OR "Delivery, Obstetric/adverse effects"[Mesh] OR "Delivery, 5 o
29 Obstetric/complications"[Mesh] OR "Delivery, Obstetric/mortality"[Mesh] OR "Maternal a N
23 Mortality"[Mesh] OR "mortality"[mesh] OR "morbidity"[mesh] OR "pregnancy complications" OR =) z
24 mortality OR morbidity OR "labor complications" OR "delivery complications" § m S
25 w3
26 #4 Search (#1 AND #2 AND #3) 2aq
o) N

27 23R8
28 0
%0 EMBASE Search Strategy °20
30 (‘delivery:ab,ti' OR 'birth:ab,ti' OR 'labor:ab,ti' OR 'mothers':ab,ti OR 'maternal':ab,ti OR %g%
31 'peripartum':ab,ti OR 'obstetric':ab,ti OR 'pregnancy':ab,ti OR 'perinatal':ab,ti OR 'prenatal':ab,ti OR 2 g%
32 'parturition':ab,ti OR 'perinatal period'/exp OR 'labor'/exp OR 'pregnancy'/exp OR 'birth'/exp) ig %
33 gj,_{,%g
34 3mS
3

35 AND Sos
36 e 5
37 (tribe OR 'indian health service' OR indigenous OR tribal OR 'first nations' OR 'american indian' OR > Z
- o

38 'native american' OR 'alaska native' OR 'indigenous people'/exp OR 'indigenous health care'/exp OR g_ 3
39 'american indian'/exp) g '(80
40 @ S
41 AND g 3
42 - %
43 ('severe maternal morbidity' OR 'adverse maternal outcomes' OR 'maternal mortality' OR 'pregnancy 3 g
44 complications' OR 'mortality' OR 'morbidity' OR 'labor complications' OR 'delivery complications' OR ) §
45 'near miss (health care)'/exp OR 'near miss' OR 'pregnancy complication'/exp OR 'maternal § o
j? mortality'/exp OR 'labor complication'/exp OR 'maternal outcome'/exp OR 'delivery complications'/exp :37 2
48 OR 'maternal morbidity'/exp OR 'morbidity'/exp OR 'mortality'/exp) S :
49 3 5
50 ')
51 P
52 g
53 3
54 g
55 =
56 S
57 ©
=

58 S
59 ®
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CINAHL Search Strategy

((TI delivery OR AB delivery) OR (TI birth OR AB birth) OR (Tl labor OR AB labor) OR (TI mothers OR AB
mothers) OR (TI maternal OR AB maternal) OR (Tl peripartum OR AB peripartum) OR (TI obstetrics OR AB
obstetrics) OR (Tl pregnancy OR AB pregnancy) OR (Tl perinatal OR AB perinatal) OR (Tl prenatal OR AB
prenatal) OR (TI parturition OR AB parturition) OR (Tl delivery OR AB delivery) OR MM "Perinatal Period"
OR MM "Obstetric Patients" OR MM "Delivery, Obstetric+" OR MM "Pregnancy+" OR MM "Labor+" OR
MM "Obstetrics+" OR MM "Childbirth+")

AND

(tribe OR "indian health service" OR Indigenous OR "native american" OR "american indian" OR Tribal
OR "first nations people" OR "alaska native" OR MM "Indigenous Peoples+" OR MM "Health Services,
Indigenous" OR MM "Native Americans+")

AND

("severe maternal morbidity" OR "near miss" OR "pregnancy complications" OR "obstetric
complications" OR mortality OR morbidity OR "maternal mortality" OR "maternal morbidity" OR
"delivery complications" OR MM "near-death experiences" OR MM "maternal mortality" OR MM
"obstetric emergencies" OR MM "Pregnancy Complications+" OR MM "labor complications" OR MM
"maternal mortality” OR MM "morbidity+" OR MM "mortality+")

SCOPUS Search Strategy

( "severe maternal morbidity" OR "near miss" OR "pregnancy complications" OR mortality OR
morbidity OR "labor complications” OR "delivery complications" OR "maternal mortality" OR
"maternal morbidity" OR "obstetric complications" )

AND

(indigenous OR "native american" OR "american indian" OR tribal OR "alaska native" OR "first
nations" OR tribe OR "indian health service" )

AND

( TITLE-ABS ( mother ) OR TITLE-ABS ( maternal ) OR TITLE-ABS ( peripartum ) OR TITLE-ABS ( obstetric
) OR TITLE-ABS ( pregnancy ) OR TITLE-ABS ( perinatal ) OR TITLE-ABS ( prenatal ) OR TITLE-ABS (
parturition ) OR TITLE-ABS ( labor ) OR TITLE-ABS ( birth ) OR TITLE-ABS ( delivery ) )
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Appendix 2. Table of included studies

Study
#

1178

Authors

Cameron,
Netal.

Year

2022

Study

Design

Cross
Sectional

Locatio
n

Nationw
ide

Sample
Size, Data
Source

51,685,525
all live
births in
the US to
individuals
aged 15-44
years, birth
vital
records

BMJ Open

Native
American
subsample
size

(% of total
sample)

492,771
(9.3%)

Risk
Factor
(Social

ecological

level)

Maternal
residence

©

Outcome(s)

Pregnancy
induced
hypertension

Adoo Aq pa1o

Covariaizs

None

* (s3gv) Jnsuadng 1us

"saifojouyoal Jejiwis pue ‘Buiure) |y ‘Buiuiw elep pue 1xa) 0]

(011 B:1115%
Rating

Key Findings ([95%
Confidence Intervals]
unless otherwise
stated

-The incidence of
hypertensive disorders
of pregnancy differed
by racial and ethnic
identity within both
rural and urban areas.
The highest age-
adjusted incidence of
hypertensive disorders
of pregnancy was
observed among
individuals who
identify as American
Indian/ Alaskan Native.

-Significant increase in
the incidence of
hypertension disorders
of pregnancy among
Native American
women in rural areas
compared to those in
urban areas in 2007 and
2014 (2017 RR=1.21,
[1.11-1.33] and 2014
RR=1.17, [1.08-1.13])

-No significant increase
in the incidence of
hypertension disorders
of pregnancy among

FOT peer review only - 1

Tp//bMjOpen.bm).com/site/about/guidennes.x

ntml



http://bmjopen.bmj.com/

cONOYULT A~ WN =

Page 42 of 62

o =
BMJ Open 3 3
g ©
< ©
§ ; Native American
s P women living in rural
Z ¢ areas compared to those
5 in urban areas was
% observed in 2019 (2019
E RR=1.03, [0.96-1.11])
O
2230 England, 2013 | Case Anchora | 1,123 1,123 Continuous | Pregnancy Parity, pge- £ Good -No significant
L et al. Control ge, AK singleton (100%) smokeless associated pregnans (r:: associations were
deliveries tobacco use | hypertension, BMI, g. observed between
from 1997- (@) and pre- maternal® 3 smokeless tobacco use
2005 to AN continuous eclampsia, age (_BD and pregnancy-
women cigarette and = associated hypertension
residing in smoking (I) | gestational z (aOR 0.92, [0.56—
western hypertension S 1.51]).
Alaska, @ o
hospital = -No s?gr'nﬁcant
et 5 associations were
ive m observed between
database / = smokeless tobacco use
503 cases and pre-eclampsia (aOR
and 502 0.90, [0.52-1.56]).
controls I
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-No significant
associations were
observed between
smokeless tobacco use
and gestational
hypertension (aOR
0.93, [0.42-2.03).

-No significant
associations were
observed between
continuous cigarette
smoking and
pregnancy-associated
hypertension (aOR
0.65, [0.31-1.37]).

-No significant
associations were
observed between
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1 S continuous cigarette
5 = § smoking and pre-
3 Z 8 eclampsia (aOR 0.69,
4 =3 R [0.30-1.58]).
5 c B .
p o 3] -No significant
7 @ S associations were
8 s L observed between
Sm 2 continuous cigarette
9 o5 P . .
10 » o :; smoking and gestational
1 32 D hypertension (aOR
12 §§ S 0.52, [0.14-1.90).
13 ~ (D §
14 8141 Zamora- 2016 | Cohort Washin 71,080 7,189 Maternal Pre-eclampsia | Birth yeg,f,)r 3 Good -AI/ANs had an
15 Kapoor, A gton singleton (10.1%) race (I), matemal;-(é; i increased risk of pre-
16 et al. State live births BMI (I) age, 276 eclampsia compared to
17 from 2003- educatiogaF E Whites after controlling
18 2013 to attainmeﬁtg - for all covariates except
19 Whit and marital 3. mE BMI (OR 1.17 [1.06—
20 AI/AN status, g'v B 1.29]). After further
21 women, Medicaiq> d adjustment for BMI, the
22 linked insurancg, 35 racial disparity in pre-
23 birth- wIC 2 § eclampsia risk
S % psia risk was
;2‘ hospital par‘cicipago 1§ greatly attenuated (aOR
discharge n, prenafgl & 1.05, [0.95-1.16)).
26 records smokingg £.
27 BMI © & -AI/ANs who were
28 3 B underweight (OR 1.39,
29 2 £ [0.64-3.02]), normal
30 § = weight (OR 1.02, [0.83-
31 3 B 1.22]), overweight (OR
32 s p 1.23,[0.93, 1.36]), or
33 <. é obese (OR 1.00, [0.86,
34 @ Y 1.17]) generally had
35 C relative risks of pre-
36 ® eclampsia comparable,
;73 5 or slightly (but not
39 - statistically
40 :Z significantly) greater
41 £ than those of their
45 2 White counterparts.
D
43 3
c
44 ®
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BMJ Open 2 3
g 3
1371 Chang, J 2014 | Cohort Nationw | 3,113,164 34,348 Cigarette Pregnancy Prenatali 3, Good -The odds of pregnancy
et al. ide singleton (1.10%) use during induced care = § induced hypertension
births pregnancy hypertension adequacy ;::o was greater in non-
between D, (inclusive of weight g R Hispanic American
20-44 maternal pre-eclampsia | gain, = & Indian women 35 years
weeks age (I) and parity, % 3 or older who smoked
gestation eclampsia) diabetes2 & during pregnancy (aOR
without marital E = 1.29, [0.88-1.89]).
major fetal status, @ M S
anomalies chronic 2 B E redgced 9dd5 of PIH
in 2010, hyperte ""Lg _E was eV1'dent in non-
US natality on, gcgo S ?Il;pamc American
file preeclanp@ ndian women younger
. sl than 35 years old who
e(;lam s-*.g 3 smoked during
P g’“’ 3 regnancy based (aOR
tobacco g 7 b pregnancy
use o< 3 0.76, [0.66-0.87]).
Eg n
= D
7372 Tiwari, R 2021 Cohort Washin 105,466 978 Pre- Pre-eclampsia | Maternak’ th £ Good -The strength of the
. S~ ..
et al. gton singleton (0.92%) pregnancy age, par@, £ association of
State live births BMI (I) delivery» £ overweight/obesity with
from 22 hospital,g E preeclampsia was much
facilities governmsn .8 greater among NH
from 2018- thealtha AI/AN women (aRR
2018, insurancg, %’ 5.24;[1.92-14.30]) and
hospital substanc® L’ NH Native
administrat abuse, % % Hawaiian/Other Pacific
ive nicotine § N Islander women than
database use, andg i among other
alcohol u;se 3 race/ethnicities (aRR
s P 5.88, [1.30-36.51]).
S R
D
835 Best, L et 2012 | Case Belcourt | 299 women | 299 (100% Age at Pre-eclampsia | Nullipartfy, R Good -Age at delivery (aOR
)
al. Control , ND tribal delivery (I), BML age [ 1.0823, [p=0.0185]),
members of nulliparity ( at delivery € nulliparity (aOR
the Turtle I), BMI (), § 6.8628, [p<0.001]), and
Mountain Single o obesity (aOR 1.0951,
Band of nucleotide :Z [p<0.001]) show robust
Chippewa polymorphi (_i independent effects
who sought sms g2 associated with
care in an [NOS3, g- preeclampsia.
IHS rs1799983 3
o
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1 hospital or (G allele § f, -There was no
5 clinic from recess), = § significant association
3 2004-2099, NOS3, =3 2 betweer} any of single
4 electronic 1s3918227 =3 R nucleotide
5 medical (A allele z B polymorphisms studied
6 records / dom), §' 3 and pre-eclampsia.
7 101 cases GNB3, e
9 matched allele dom), § me allele recess) (aOR
10 controls DDAHI, P& ; 1.4087, [p=0.2354])
Do P
1 1310158674 TERM NOS3, 53918227 (A
12 (Callele 3% § allele dom) (aOR
12 rgf)iisP)I’l eSS 0.7356, [p=0.46117])
, v
15 rs233115 SSE -GNB3, 155442 (A
16 (A allele 3=z f:,_ allele dom) (aOR
17 recess)] (I) ot 1 0.9147, [p=0.8655])
18 D > s
19 32 5 -DDAHI, 1510158674
20 g@, L (C allele recess) (aOR
21 e- ¥ 1.0165, [p=0.9898])
> L
22 Z
= £ -DDAHI, 5233115 (A
23 L =
24 > £ allele recess) (aOR
25 _3 P 2.2227. [p=0.1578])
26 2 F
27 836 Best, L et 2012 | Case Belcourt | 196 women | 196 (100%) | Age at Pre- Nullipar@'y, g Good -Age at delivery did not
28 al. Control ,ND tribal delivery (I), | eclampsia, weightaB B show a significant
29 members of nulliparity severe pre- first & P association with pre-
30 the Turtle (I), BMI eclampsia prenatal 3 ¢ eclampsia (aOR 1.036,
31 Mountain (1), single visit, BMI, [p=0.398]) and severe
32 Band of nucleotide birthweiht N preeclampsia (aOR
33 Chippewa polymorphi of infantg. § 1.027, [p=0.586]).
34 who sought sms gestatiorfal ¢ L
35 care in an [CRP_A diabetes, i’ -Nulhparity (@OR
36 IHS rs3093077 age at ® 4.274, [p70.0073] and
37 hospital or (T allele delivery 3 aOR 4.5 770, [p=0.0091)
38 clinic from additiVe), ; anii ObeSIty (aOR 1093,
o 2004-2009, CRP_B 5 [p=0.002] and aOR
41 electronic rs1205 (A & 1.094, [p—0.007]) show
4 medical allele dom), _lg robusF 1gdepen§ent
a3 records / 66 CRP C 55 associations with
42 cases and rs1130864 t
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130 (T allele § 3, preeclampsia and
matched dom), = § severe pre-eclampsia.
controls MBL2 Z b
rs1800451 5 8 -There wasno
(T allele R - significant association
dom, IL1A 2 8 between any of single
rs3783550 e b nucleotide
(T allele e z polymorphisms studied
dom), § mE with pre-eclampsia.and
CTLA4 @ o 37 severe pre-eclampsia
231775 oo P except CRP_B, rs1205,
2am (A allele dom).
(A allele 238
dom)](l) cESS "CRP_B, 151205, (A
e0p allele dom) was the
gg E— only single nucleotide
2 P polymorphism that
2R showed a significant
; >E association with severe
ShE pre-eclampsia (aOR
2 F 0.259, [p=0.020]).
> L
837 Best, L et 2013 | Case Belcourt | 410 women | 410 (100%) | Age at Pre- Nullipargy, B Good -Age at delivery did not
al. Control ,ND tribal delivery (I), | eclampsia, weight ag- 1% show a significant
members of nulliparity severe pre- first <€ P association with pre-
the Turtle (D), BMI eclampsia prenatal 5 E eclampsia (aOR 1.053,
Mountain D, visit, BMI, p [p=0.076]) and severe
Band of gestational birthweight B preeclampsia (aOR
Chippewa diabetes (I), of infant® P 1.052, [p=0.166]).
who sought single gestatiorﬁl 2 . :
care at an nucleotide diabetes= g —Qesta‘uonal diabetes
IHS polymorphi S N d}d not show a -
hospital or sms [CRP e B s1gn1ﬁcant assoc1gt1on
clinic from rs3093068 & & with pre-eclampsia
2004-2012, (G allele *’[; (aOR 1.684, [p=0.278])
electronic add), CRP ¢ and severe pre-
medical 13093068 3 eclampsia (aOR 2.241,
records / (G allele ; [p=0.166]).
140 cases recess, CRP 2 -Independent effects of
and 270 HLEEE ‘-5 nulliparity (aOR 5.6,
el (el $ [p=0.001] and aOR
controls doit), CINH B 4.17, [p=0.001]) and
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: rs876538 § _ obesity (aOR 1.061,
5 (C allele 2 KB [p=0.002] and aOR
3 add), CRP Z p 1.059, [p=0.001]) on
4 5 pre-eclampsia and
5 , 15876538 s B severe pre-eclampsia
6 iecc:ilsjle s 8 were observed.

b Q
; CRP ) £ -There was no
9 rs876538 S m '. significant association
10 (C allele g § : between any of single
11 dom), % g' D nucleotide
12 rs3093068 = L polymorphisms studied
13 (G dom) gg N with pre-eclampsia and
14 and =08 severe pre-eclampsia
15 rs876538 *SE except CRP rs3093068
16 (C recess) gg’_% b (G allele add) and CRP
17 add risk of8 1s3093068 (G allele
18 score] (I) %*5; B dom) with severe pre-
19 328 eclampsia (aOR 2.587,
20 20F [p=0.05] and aOR
21 E:' 2.587, [p=0.050])
;g = . -The rs3093068 (G
24 s 9 dom) and rs876538 (C
25 @ B recess) additive risk
26 2 F score showed
27 >~ % significant association
28 3 f with pre-eclampsia
29 2 6 (aOR 1.779, [p=0.016])
30 L and severe pre-
31 % : eclampsia (aOR 2.035,
32 % [p=0.013]).
33 Q
34
35
36 s
37 119 Admon, L 2018 Cross Nationw | 2,523,528 20,447 No chronic SMM Age, © Good -The incidence of
38 et al. Sectional | ide all hospital | (0.810%) conditions, income, 3 severe maternal
39 deliveries any payer, rural v morbidity was
that hysical g significantly higher

2(1) occurred Eee}:lth vs.urban & ariong delizerifs to
42 between condition residence, D women in every racial
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Sample condition : Hispanic white women.
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chronic -American
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M women are at increased
ma;ternal risk of severe maternal
race (I) morbidity compared to
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I

non-Hispanic white
women (aRR 1.5, [1.3-
1.7]) . This is not
significant when blood
transfusions are not
included in severe
maternal morbidity
(aRR 0.90, [0.68-1.2]).

-Among deliveries to
women with comorbid
physical and behavioral
health conditions,
significant differences
in severe maternal
morbidity were
identified among racial
and ethnic minority
compared with non-
Hispanic white women
and the largest
disparities were
identified among
women with multiple
chronic conditions.

-In comparing
deliveries among
American
Indian/Alaskan Native
women with non-
Hispanic white women,
the rate difference for
severe maternal
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o P e
1 T morbidity incidence

S 6 .
2 s P increased from 66.6
3 E ;30 [95% CI 39.9-93.3] to
4 = 0 101.3 [95% CI -41.0-
5 c P 243.5] per 10,000

o ») .
6 5 b delivery
7 Sl hospitalizations,
8 E = respectively, in
9 o m 3 comparing deliveries in
10 28 : which no and multiple
11 %g i chronic conditions were
12 22O identified.
13 s3f .
14 = "m' D -American
15 “SE Indian/Alaskan Native
16 % ] 3 women compared to
17 Q_g 3 non-Hispanic white
18 g*':; = women are at increased
19 39 g risk for severe maternal
20 =2r morbidity when any
21 e ¥ physical health
22 § S condition is present
23 S § (aRR 1.5, [1.3-1.7]),
24 = b any behavioral health
25 b i_ condition is present
26 ”a’ B (aRR 1.2, [0.90-1.6]),
27 o 8 and having multiple (2
28 3 B or more) chronic
29 g 8 conditions (aRR 1.4,
30 g L [0.93-2.20]).
33 3421 Interrante, 2022 | Cross Nationw | 6,357,796 43,929 Primary SMM and Maternag j Good -Rural Indigenous
34 Jetal. Sectional | ide maternal (0.691%) payer type Mortality race and® ;?-’. Medicaid-funded births
35 records D, (SMMM) ethnicity, & had the highest adjusted
36 frqm . maj[ernal ma.temal k predicted rate of
37 childbirth residence residence, £ SMMM (224.9 per
38 hospitalizat ©), maternal b 10,000 births, [187.0-
39 ions from maternal age, ) 262.9]).
40 2007-2015, race (I) childbirth £ :
41 Neemsl year, —Among rura.l residents,
42 Inpatient bottom births by Indigenous
43 Sample quartile of & g.e;;ple had t'he gtreatest
44 ifferences in rates
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could be decreased to
the risk among the
privately insured), this
would not only prevent
the 23 cases per 10,000
births that occur among
white urban residents,
but an additional 98

o =
5 O
BMJ Open g8 3
T ©
< ©
1ncome,§ 3, between Medicaid-
hospitalé § funded agd privately
region, = ;:o insured births (aRD,
cesareans’ {3 97.8, [50.4—145.3]).
o (o] bo
birth, = 6 -
substan Cg—, 2 .—When examining t}.le
use e b intersection of rurality
dis order,g z apd race and ethnicity,
depressignm 3 blrths among
woB Indigenous rural
HIVor Z 3 & . ..
oo P residents had significant
AIDS, 3SR conts had S1%
pulmone@l%’ S a@dltlve interaction,
hypertengi & 1= with 40% (aAP 0.40,
on =P [0.11-0.69]) of SMMM
9 b ; . .
systemi "’5?% ] cases in that population
lupus 27 31 owing :0 the
c Interaction.
erythemﬁ’_\ R
Slﬁs’ . g = ' -When examining the
chronic 57, 8 intersection of urban
k¥dney @ - _E. status and race and
dlseas.e, > £ ethnicity, births among
chronic 5 3 Indigenous urban
hf:art 5§ residents did not have
dpease,qg P an additive interaction
diabetesy, (aAP 0.06, [-0.20-
chronic & ¥ 0.32]).
hypertengi 3
on, and = ii -If the excess risk of
chronic ¥ SMMM associated with
respirato% ; Medicaid could be
disease 5 mitigated (i.e., if the
S L risk of SMMM among
o § Medicaid-funded births
B
>
D
D
D
D
D
P
=
3
s}
b
D
D
2

o

cases per 10,000 births
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1 § among Indigenous rural
2 = residents.
>
3 —
4 952 Booker, W | 2018 | Cohort Nationw | 1,724,694 7,107 Maternal SMM, SMM Year, beg g Good -The incidence of SMM
5 et al. ide delivery (0.412%) race (I) excluding size, § ? was greater among
6 hospitalizat blood insurancg 9 Native American
7 ions from transfusions status, z ﬁ women but not
8 women hospital = & significant compared to
9 aged 40-54 location,‘é %1 g Non-Hispanic white
10 years income z g. 3 women (aRR 1.08,
1 between quartile, > [ [0.93-1.25]).
12 1998-2014, hospital 8.3 {3 .
13 National region, 82 [ -RlSk. f(?r severe
14 Inpatient hospital & & g morblley excluding
12 Sample teachingg -‘?‘3 ;_ tran.sfusmn among
status, afl® £ Native Americans is not
17 race & S D demonstrated because
18 IS N of small denominators.
19 2me
= \°£Z4
;? 4010 Kozhiman 2020 | Cross Nationw | 7,561,729 101,943 maternal SMMM, Age, 3 .v_g Good -The incidence of
2 nil, K et Sectional | ide hospital (1.35%) residence SMMM insurancg SMMM was greater
23 al. live births (©), excluding payer, 37 among indigenous
24 from white maternal blood income, 5§ women compared with
95 and race (I) transfusion hospitalg':’ P white women (aRR 1.8,
2% indigenous region o E [1.6-2.0]).
27 Lo o B Within each racial
78 between 3 B : 1 cachi racia
29 2012-2015, S? 5 group, 1n01denf:e of
30 National - P SMMM was higher
31 Inpatient § g' among rural compared
32 Sample a Z w1th0 urban residents
33 S b (2.3% for rural
34 o S indigenous women vs
35 : g 1.8% for urban
36 > indigenous women) (a
37 ® RR 1.3, [1.0-1.6]);
38 > (1.3% for rural white
39 o women vs 1.2% for
40 ;—_ urban white women)
41 | (aRR 1.1, [1.1-1.2]).
42 £ L
43 J%'. -Within indigenous
S women, the incidence
44 D >
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of SMM (excluding
transfusions) among
rural compared to urban
residents was not
significant (aRR 0.7,
[0.4-1.0)].

3421 Interrante, | 2022 | Cross Nationw | 6,357,796 43,929 Primary Blood b Good -Rural residents had
Jetal. Sectional | ide maternal (0.691%) payer type transfusions race and% 2 ) greater odds of blood
records D, ethnicity> (_BD N transfusion for both
from maternal materna]% i D Medicaid-funded (aOR
childbirth residence residenc S £ 1.15, [1.06-1.25]) and
hospitalizat O, maternalS 8 § privately insured (aOR
ions from maternal age, 3 g : 1.20, [1.11-1.31])
2007-2015, race (I) childbirt&':; B hospital births
National year, 33§ compared to urban
Inpatient bottom g@ [ residents.
Sample quartile &f" £ L
income, > £ -Medicaid-funded (aOR
hospital S B 1.71, [1.3?—2.1 1]) and
region, s §f privately insured
cesarcarl® P hospital (aOR 1.42,
birth, 2 2 [1. .05-1.92]) indigenous
substan. cg' i b¥rths had the second
use 3 = highest f)dds of blood
disorder® b transfusmns. compa.red
depressi @1, to other raglal/'ethnlc
HIVor 2 B groups. This yielded an
AIDS. £ additive interaction p-
> O
pulmone%/ S value of 0.006.
hyperten$i
on, L
systemic p
lupus 3
erythemato D
sus, &
chronic b
kidney 2
disease, 2
chronic -
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) < 6
5 dlsease,é- 0
3 diabetes =
4 chronic g :
5 hypertengi P
6 on,and 5 F
7 chronic 2, &
8 respiratogy E
9 disease g M p
10 iy
1 4010 Kozhiman | 2020 | Cross Nationw | 7,561,729 101,943 maternal Blood Age, %‘(gb Good -The incidence of blood
12 nil, K et Sectional | ide hospital (1.35%) residence transfusions insurancgg : transfusions was greater
13 al. live births (©), payer, § 25 among indigenous
14 from white maternal income, ,>_ﬂ3, Le women compared with
12 and race (I) hospital 2 E z white women (aRR 1.8,
17 indigenous region g o [1.5-2.0]).
18 omen T e et o iles
; 1 N e
2 2012-2015, SOF o g
- National 8 g : in 1geno:ils Worlr;en
% Inpatient > [ compare to urban
Sample = ¥ 1nd1.ge.nous women was
23 ) .
S b statistically greater
24 5 % (aRR 1.6, [1.2-2.0]).
25 Q@
26 2—=5
27
28 =L
29 1331 Chaloubhi, 2015 | Cohort Gallup, 1,062 751 Maternal Postpartum None & P Good -A significantly higher
30 Setal NM women (70.7%) race (I), age | hemorrhage @' proportion of Native
31 who (D), parity 3 ¥ Americans than non-
32 delivered D, % native women
33 vaginally at gravidity ‘?D- = developed PPH (11.6%
34 the ), @ vs 7.0%, [p=0.02]).
35 Rehoboth birthweight i o
36 McKinley (D), retained ': -In Tllgltlvarlab!e
37 Hospital, placenta (1), : logistic regression
38 medical magnesium P analysis, the significant
39 records sulfate use E predictors of PPH were
40 ) 5 Native American ethnic
41 induction § origin (OR 1.8, [1.1-
fé augmentati P. 3.0]).,d(?fcrefa;ed "
s on (1), ' gravidity of fewer than
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chorioamni 2 8 5(OR 1.2,[1.1-1.4]),
onitis (I) = § increased birth weight
= ;30 greater than 4500 grams
5 0 (OR 1.1, [1.0-1.0]),
= 6 retained placenta (OR
S B 51.0, [9.8-288.2]), and
e B use of magnesium
E 5 sulfate (OR 3.5, [1.4-
amp 9.0).
Sa
2944 Hadley, M | 2021 | Case Anchora | 384 384 (100%) | BMI (D), Postpartum Not ) = [, Fair -In the bivariate
et al Control ge, AK deliveries hemorrhage reportedg 3B analysis, the following
between antep?rtum S % ; risk factors were
2018-2019 bleedmg § np significantly associated
at the (D), routine 2B E with a higher likelihood
Alaska asprin used a 5' 3 of postpartum
Native prescr.lbed § ~8 hemorrhage: BMI of 40
Medical (D), prior 43 or more (OR 2.6, [1.4-
Center, NSO SOE 4.5]), antepartum
medical 1ncision D, 3. B bleeding (OR 6.3, [1.2-
records / prior )_> 11 31.6]), previous
128 cases gtept.le 3 37 postpartum hemorrhage
and 256 incision ] (OR 5.0, [2.6-9.8]),
controls anq vaginal a B suspected macrosomia
deh.very @, g %’ with estimated fetal
parity (I), . : T weight of 4000 g or
Macrosomt 3 B more (OR 2.7, [1.4-
a,pre- s & 5.3]), pre-eclampsia
ecilampsm % i with severe features and
without S § use of magnesium
Severe 3 E. sulfate during labor
features R (OR 4.7, [2.49.2],
with : 3 & length of third stage
magnesium ol labor longer than 20
sulfate E min (OR 2.2, [1.1-4.4]),
during 5 and use of oxytocin for
labor (1), ;; more than 12 h (OR 5.0,
pre- . -
eclampsia SZ [2.3-106)).
with severe L -Residence in a rural
features -133_ community (OR 2.2,
and use of £ [1.4-3.6]) and vitamin
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magnesium
sulfate (I),
previous
postpartum
hemorrhage
(D), length
of 2nd
stage of
labor (1),
length of
3rd stage of
labor (I),
rural
residence
(C), and
oxytocin
(1), and
inpatient
induction
length (I)
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D supplementation (OR
1.7, [1.1-2.6]) were also
significantly associated
with postpartum
hemorrhage.

-Multivariate condition
logistic regression
analyses found that
antepartum bleeding
(OR 8.8, [1.6-48.5]),
pre-eclampsia with
severe features and use
of magnesium sulfate
(OR 5.3, [2.4-11.9]),
previous postpartum
hemorrhage (OR 2.7,
[1.2-6.1]), third stage of
labor of 20min or more
(OR 2.9, [1.2-6.9]),
rural residence (OR 2.0,
[1.2-3.5]), fetal
macrosomia (OR 4.0,
[2.1-7.5]), and oxytocin
use for more than 12h
(OR 3.0, [1.1-8.0]) all
remained significantly
associated with an
increased risk of
hemorrhage in Native
American women.

-Routine aspirin use
(OR 1.7, [0.9-3.4]),
prior uterine incision
(OR 1.0, [0.52-2.1]),
prior uterine incision
and vaginal delivery
(OR 1.6, [0.58-4.4]), a
parity of 5 or more (OR
1.8, [0.87-3.9]), pre-
eclampsia without
severe features without
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use of magnesium
sulfate (OR 2.1, [0.98-
4.4]), length of second
stage of labor grater or
equal to 1 hour (OR 1.6,
[0.88-3.0]), and an
inpatient induction
length of greater or
equal to 36 hours (OR
2.3, [0.4-12.8]) were
not significantly
associated with a higher
likelihood of
postpartum
hemorrhage.

1331 Chalouhi, 2015 | Cohort Gallup, 1,062 751 Maternal Uterine atony | None gi’l L. Good -Uterine atony was
Setal NM women (70.7%) race (I), age ©- 5 recorded in a
who (D), parity Z E significantly higher
delivered D, E_ 3 proportion of Native
vaginally at gravidity E Americans than non-
the D, @ 7 native patients (9.6% vs
Rehoboth birthweight ] B 4.8%; [p=0.01]).
McKinley (D), retained o B o i
Hospital, placenta (1), 3 E -In umvarlat.e gnalys1s,
medical magnesium 2 P factgrs predicting
records sulfate use @ uterine atony were
I, % 5 native race (p:Q.Q 1),
induction S (o002 intution
: «Q =0.02),
21;g(r11;?ntat1 _8 o augmentation (p=0.1),
chorioamni : increasing birthweight
onitis (T) (p=0.07), and -
s chorioamnionitis
P (p=0.08).
£ -In multivariable
R logistic regression
: analysis, Native
3 American ethnic origin
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml s
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o P
1 z 5, (OR 2.9, [1..1—3.7]) and
D) s P increasing birthweight
3 = ;30 (OR 1.0, [1.0 1.0]) were
4 = g significant predictors of
5 c b uterine atony.
6 S 8
7 1861 deRavello, | 2015 | Cross Nationw | 229,986 229,986 Maternal Ectopic None 2 § Fair -The ectopic pregnancy
8 L etal Sectional | ide American (100%) age (I), IHS | pregnancy c £ (EP) rate among AI/AN
9 Indian and region (C) § (r:: g women was lowest in
10 Alaska = Ly the 15—19 years age
1 Native E:gb L group (5.5 EPs per
12 (AI/AN) 3(_3D § 1,000 pregnancies) and
13 women § b highest among 35-39
14 aged 15-44 oL year old (18.7 EPs per
12 years g@. ;l 1,000 pregnancies).
17 seeking 28 5 -C d to AI/AN
18 care at g, ::»? R ompare d015 18
19 Indian 3 ® 5 women aged 15- 435
19 Health 25F years, women aged 35-
- Service Eg  E yezll'rli \;vere h. imes
% (IHS), Z F EP (RR 3.4, 290
23 Tribal, and g k] p O?E 4, [2.90-
" urban 5§ .03]). Compared to
%5 Indian ‘3 p AI/AN women aged 15-
% health 3 5- ]laiyears, the rls.khof an
57 Sellitie % i increased with age
28 during S 5 from 1.56-3.42, except
29 2002-2009, = b in women aged 40-44
30 Indian % g years were ﬂ.16 risk was
31 Health SENE less at 2.62 times (RR
37 Service 3 i 2.62,[2.02-3.36]).
33 Nat.ional ‘:SD- 5 -EP rates varied by
ig i?ft(l):gatio @ f geographic region,
. C ranging between 6.9
36 n Reporting @ and 24.4 per 1,000
2; System E pregnancies in the
39 0 Northern Plains East
40 2 and the East region,
41 (_E respectively.
1)
42 b -Compared to AI/AN
ji + women who received
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care in the Northern
Plains East region,
women who received
care in the East region
were 3.55 times more
likely to have an EP
(RR 3.55, [2.75-4.57]),
in the Alaska region the
risk was 2.17 times (RR
2.17,[1.73-2.72]), in
the Southern plains
region the risk was 1.56
times (RR 1.57, [1.25-
1.95]), in the West
region the risk was 1.39
times (RR 1.39, [1.09-
1.77]), in the Norther
Plains West region the
risk was 1.36 times
(1.36, [1.08-1.71]), and
in the Southwest region
the risk was lowest at
1.33 times (RR 1.33,
[1.07-1.65]).

-We found relatively
stable annual rates of
EP among AI/AN
women receiving care
at IHS-affiliated
facilities during 2002—
2009, but considerable
variation by age group
and geographic region.

2230

England,
Letal.

2013

Case
Control

Anchora
ge, AK

1,123
singleton
deliveries
from 1997-
2005 to AN
women
residing in

1,123
(100%)

Continuous
smokeless
tobacco use
() and
continuous
cigarette
smoking (I)

Placental
abruption,
placental
abruption
expanded
definition

Parity, pre-
pregnancy
BMI,
maternal
age

&

I~
otge oo otgooton

Good

-Thirty-nine percent of
case deliveries were
also preterm (compared
with 7% of controls,
[p<0.001]), and 9.8%
were also complicated
by pregnancy
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1 western § 3, associated hypertension
5 Alaska, a § (compared with 7% of
3 hospital E ;:O controls. [p=0.38]).
4 administrat 5 B

. o -There were no

5 ive = B
6 database % D significant associations
7 e b between placental
) s b abruption and
9 S m g continuous smokeless
10 ? § 8 tobacco use (aOR 1.11,
11 oo P [0.53-2.33] and
12 % § S continuous cigarette
13 gg S smoking (aOR 1.19,
14 =P [0.43-3.29).
15 % 4 3

»o b -An expanded
16 > =P . p .

coP definition of abruption
17 o2t p . .
18 T 1 did not change this
19 ; E finding. There were no
20 5 @ : significant associations
21 @ - -E’ between continuous
22 > £ smokeless tobacco use
23 = £ (OR 1.07, [0.63-1.83])
24 S 8 or continuous cigarette
25 a P smoking (aOR 1.04,
% 2 E [0.48-2.23]).
27 o S
28 3 3
29 ) o
30 g c
3 s 3
32 S
33 @_ N
34 o S

2
35 ]
36 &
37 o
38 ®

v9)
39 >
40 5
41 <
e E
Q0
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4010 Kozhiman | 2020 | Cross Nationw | 7,561,729 101,943 maternal Disseminated Age, é 3 Good DIC
nil, K et Sectional | ide hospital (1.35%) residence intravascular insurancg- § o
al. live births (©), coagulation payer, = & -The incidence of DIC
from white maternal (DIC), income, 5 ST T but not
o (o]
and race (C) hysterectomy | hospital = §1g1}1ﬁcant among
indigenous region indigenous woman
women compared with white
between women (1.6% vs 0.9%,
2012-2015 respectively) (aRR 1.1,
National [0.8-1.5]).
Inpatient -Within indigenous
Sample women, there was no
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&

difference between
rural women and urban
women (0.2% vs 0.2%,
respectively) (aRR 0.8,
[0.3-1.3]).

Hysterectomy

-The incidence of a
hysterectomy was
greater among
indigenous woman
compared with white
women (0.1% vs 0.1%,
respectively) (aRR 1.8,
[1.0-2.6]).

-Within indigenous
women, there was a
marginal increased risk
but not significant of
hysterectomy among
rural women (aRR 1.3,
[0.3-2.3]).
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5 For observational cohort and cross-sectional studies: S g
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10 119 AdmonL,et 2018 Yes Yes Yes Yes Yes No Yes NA Yes NA Yes NR 3 gNA Yes Good
11 al. %‘g i
12 239
13 952 Booker W, et 2018 Yes Yes Yes Yes Yes Yes Yes No Yes No Yes Y@% ®Yes Yes Good
14 L 8o 5
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16 1178 Cameron, N. 2022 Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes NRZSNA No  Good
17 etal. S5 E
18 Eg =
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20 et al. s8>
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29 et al. 3_‘_" §
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Quality of included studies was assessed using the National Institutes of Health (NIH) Quality Assessment tool for Observational (%)hort and Cross-Sectional
Studies (https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools).

Q1. Was the research question or objective in this paper clearly stated?

Q2. Was the study population clearly specified and defined?

Q3. Was the participation rate of eligible persons at least 50%?

Q4. Were all the subjects selected or recruited from the same or similar populations (including the same time period)? Were i

J Buipnjou

n and exclusion criteria for

F@sn 10
sl
¥720¢Z 19q@E3AON 8¢ UO 08E

being in the study prespecified and applied uniformly to all participants? ig'

Q5. Was a sample size justification, power description, or variance and effect estimates provided? % 2

Q6. For the analyses in this paper, were the exposure(s) of interest measured prior to the outcome(s) being measured? = (-BD

Q7. Was the timeframe sufficient so that one could reasonably expect to see an association between exposure and outcome if iLexiged?

Q8. For exposures that can vary in amount or level, did the study examine different levels of the exposure as related to the outgpglé(e.g., categories of exposure,
or exposure measured as continuous variable)? Ses

Q9. Were the exposure measures (independent variables) clearly defined, valid, reliable, and implemented consistently across gl%%dy participants?

Q10. Was the exposure(s) assessed more than once over time? g«:); 2
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ABSTRACT

Introduction and objective

Maternal morbidity and mortality (MMM) is a public health concern in the US, with Native
American women experiencing higher rates than non-Hispanic White women. However, research
on risk factors for MMM outcomes among Native American women is limited. This systematic
review comprehensively synthesizes and critically appraises the literature on risk factors for

MMM experienced by Native American women.

Methods and analysis

A systematic search was conducted on 10 October 2022 in PubMed, Embase, CINAHL, and
Scopus for articles published since 2012. Selection criteria included observational studies set in
the US, involving Native American women in the perinatal period, and examining the
relationship between risk factors and MMM outcomes. Three reviewers screened and extracted
data from the included studies, with risk of bias assessed using National Institutes of Health

quality assessment tools. Data were analyzed descriptively.

Results

Fifteen studies were analyzed, with Native American women as the primary study population in
seven studies. All studies utilized administrative databases, with settings including nationwide (7
studies), statewide (4 studies), and Indian reservations (4 studies). Nine MMM outcomes were
identified. The majority of studies focused on hypertensive disorders of pregnancy (8 studies)
and severe maternal morbidity (SMM) (4 studies). Twenty-six risk factors were identified at the
individual level (24 factors) and community level (2 factors). Key risk factors included Native

American race (6 studies), rural maternal residency (4 studies), overweight/obese body mass

3
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ARTICLE SUMMARY

Strengths and limitations of this study

oNOYTULT D WN =

The review searched a variety of scientific databses to identify a wide range of studies on
maternal morbidity and mortality in Native American women in the United States.

The review incorporated studies conducted on Indian reservations and within specific
tribal health systems, providing insights tailored to the unique contexts and experiences
of Native American women.

The review synthesizes and critically appraises the limited existing literature on risk
factors for maternal morbidity and mortality specifically among Native American women
in the United States.

Many included studies had small sample sizes or low percentages of Native American
women, limiting the generalizability of the findings to this specific population.

Included studies relied on administrative databases (i.e., hospital discharge database, vital
recods registries, or electronic health records), which introduce potential reporting biases
and misclassification issues, especially concerning the racial categorization of Native

American participants.

5
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INTRODUCTION

Maternal morbidity and mortality (MMM) are alarming public health problems in the United

oNOYTULT D WN =

9 States (US). The Centers for Disease Control and Prevention (CDC) defines maternal mortality
1 as the death of a woman during pregnancy, at delivery, or soon after delivery. [1] Severe

13 maternal morbidity (SMM) refers to complications during labor and delivery with short- and
long-term health consequences (e.g., sepsis, blood transfusion, preeclampsia, or hysterectomy).
18 [2,3] The US has one of the highest maternal mortality ratios of any high-income country,

20 reporting 26.4 maternal deaths per 100,000 live births.[4] The SMM rate surged 75% from 1998-
22 1999 to 129 per 10,000 delivery hospitalizations in 2008-2009.[2] Rising rates of blood

25 transfusions, acute renal failure, shock, and other adverse outcomes primarily drove this

27 increase.[2] The rising MMM rates involve complex interactions of factors at patients and
families, providers or facilities, overall systems, and within the community at various points in a

32 woman’s reproductive life cylce. [5]

Significant racial and ethnic health inequities persist in maternal health. [6-9] Native American
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37 women are three to four times more likely to die than non-Hispanic White women from

39 pregnancy-related complications and are three to five times more likely to experience SMM than
non-Hispanic White women. [6,10,11] Historical trauma, racism, colonization, genocide, forced
44 migration, reproductive coercion, and cultural erasure contribute to these adverse outcomes. [12—
46 14] Native American women experience unique prolonged systemic barriers that create

inequitable social conditions compared to other groups. [14—16] Some systemic barriers include

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

51 limited access to providers and birthing facilities. [14,17,18] In addition, a history of forced
53 sterilization and forced infant and child separations has led to a strong distrust of the healthcare

35 systems and providers, including the Indian Health Service. [19-21]
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Rationale

A scoping review on Native American women and the leading causes of maternal mortality in
the US identified risk factors like historical trauma, inequities in healthcare availability, access
and utilization, preexisting health conditions, and rurality. [22] A separate review of social
determinants on pregnancy-related mortality and morbidity identified that race was a significant
factor. [3] However, the review did not provide a list of risk factors specific to Native American
women, nor did it identify a study that evaluated maternal deaths among Native American
women. [3] There is a need to explore further and assess the quality of research specific to
MMM risk factors experienced by Native American women. Identifying this information can

help identify areas for prevention focused on Native American communities.

Objective

To assess and critically appraise individual and community-level risk factors for pregnancy-

related morbidity and mortality experienced by Native American women in the US.

METHODS

This systematic review follows a protocol previously published, which provides a comprehensive
framework for examining pregnancy-related mortality and morbidity among Native American women.
[23] Adhering to this pre-established protocol ensures methodological rigor and transparency, facilitating

reproducibility and reliability in the findings presented.

Patient and public involvement

Patients and the public were not involved in the design, conduct, reporting, or dissemination of

this research.

7
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Eligibility criteria

This systematic review follows the Preferred Reporting Items for Systematic Reviews and Mata-

oNOYTULT D WN =

9 Analyses (PRISMA) guidelines. [24] Inclusion criteria for studies were: 1) observational study
1 design; 2) study set in the United States; 3) population was Native American women in the

13 perinatal (i.e., the time surrounding childbirth) or puerperium period (i.e., the time after
childbirth up to 6 weeks); 4) outcomes focused on measures of pregnancy-related mortality and
18 morbidity; 5) examined the relationship between a risk factor/exposure and stated outcomes.

20 Studies focusing on a different population were included if they offered a stratified analysis by
race and contained a racial category for Native Americans. Studies were excluded if: 1) studies
25 focused only on birth, neonatal, or infant outcomes; 2) studies that did not examine the

27 relationship between a risk factor/exposure and stated outcomes; 3) studies with settings outside
of the United States; 4) studies that did not include findings for Native American women; and 5)

32 studies that focus on the preconception or postpartum phases.

35 Information sources and search strategy
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The search was carried out on 10 October 2022. The review searched scientific databases

40 (PubMed, Embase, CINAHL, and Scopus) from 1 January 2012 to 10 October 2022. This

42 timeframe was chosen to align with a new standard for identifiying severe maternal morbidity
published on 12 November 2012. [2] With technical assistance from a health sciences librarian,

47 the team used search tools and strategies, including shortening keywords where appropriate,

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

49 using thesaurus terms, and using database-specific controlled vocabulary (e.g., Medical Subject
Headings, MeSH). The search strategy combined terms and search strings with the appropriate

54 Boolean operators. The complete search strategy is available in Appendix 1. Covidence was used
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to manage every stage of the systematic review, including screenings, data extractions, and risk

of bias assessments. [25]

Selection process

Two independent reviewers screened titles and abstracts based on the eligibility criteria. If any
disagreement occurred, a third reviewer arbitrated. After the titles and abstracts were screened,
two independent reviewers screened full-text articles. The reasons for exclusion were noted at

the full-text article stage.

Data collection process

Two independent reviewers extracted study details such as location, study design, eligibility
criteria, methods, year of the article, year(s) of study, data source, objectives, sample size and
population, independent (risk factors) and dependent (outcomes) variables, key findings,
measures of effect/association with p-values and confidence intervals, and limitations. If there
were disagreements between the reviewers, a third reviewer arbitrated. For any missing
information, the lead author contacted the corresponding authors thrice via email or phone to
request information. Any discrepancies within data extraction were reviewed and discussed in a

team setting.

Data items

Primary outcomes of interest were maternal morbidity and mortality, including severe maternal

morbidity (SMM) based on the CDC’s list of 21 diagnoses and procedures (Table 1). [26]

Table 1 Outcomes of interest

Mortality and near-misses

9
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1

2

2 Severe maternal morbidity diagnostic or Acute myocardial infarction

5 procedural outcomes Acute renal failure

6 Adult respiratory Distress Syndrome

7 Amniotic fluid embolism

8 Aneurysm

9 Cardiac arrest

10 Disseminated intravascular coagulation

1 Eclampsia

12 .

13 Heart failure

14 Puerperal cerebrovascular disorders

15 Pulmonary edema

16 Sepsis

17 Severe anesthesia complications

18 Shock

19 Sickle cell anemia with crisis

20 . .

21 Thrombotic embolism

22 Blood transfusion

23 Conversion of cardiac rhythm

24 Hysterectomy

25 Temporary tracheostomy

;? Ventilation

28 Additional morbidity outcomes Postpartum hemorrhage

29 Ectopic pregnancy

30 Placental abruption

31 Uterine atony

32

33

34

22 This list was used to identify additional articles that did not utilize a composite outcome of
2373 severe maternal morbidity or mortality. Given the scope of this review, the terms "pregnancy
23 complications," "obstetric complications," "labor complications," and "near-miss" were added to
41

42 the list of outcomes to increase the sensitivity of the review. The search strategy was pilot-tested
43

Zg in PubMed, finalized, and adapted to other databases (Table 2). The complete search strategy is
2? available in Appendix 1. The results from each database-specific search strategy were

48

49 downloaded from the respective databases and uploaded to the EndNote version 20 reference
50

g; manager software. [27] After removing the duplicates, the citations were imported into

gi Covidence.

55

56

57
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Table 2 PubMed search strategy

#1 birth[tiab] OR labor[tiab] OR delivery[tiab] OR mothers[tiab] OR maternal[tiab] OR
"peripartum period"[mesh] OR peripartum[tiab] OR "labor, obstetric"[mesh] OR
"obstetric*"[mesh] OR "obstetric*"[tiab] OR "pregnancy"[mesh] OR "pregnan*"[tiab] OR
"perinatal"[tiab] OR "prenatal"[tiab] OR "parturition"[mesh] OR "parturition"[tiab]

#2 "tribal" OR "tribe" OR "first nations" OR "indigenous peoples"[mesh] OR indigenous OR
"health services, indigenous"[mesh] OR "american indians or alaska natives"[mesh] OR
"american indian*" OR "indians, north american"[mesh] OR "native American" OR "alaska
native"

#3 "severe maternal morbidity" OR "near miss" OR "adverse maternal outcomes" OR
"maternal mortality" OR "Near Miss, Healthcare"[Mesh] OR "Pregnancy/Adverse

Effects"[Mesh] OR "Pregnancy/Injuries"[Mesh] OR "Pregnancy/Mortality"[Mesh] OR

Obstetric/adverse effects"[Mesh] OR "Delivery, Obstetric/complications"[Mesh] OR

complications" OR "delivery complications"

#4 Search (#1 AND #2 AND #3)

"Pregnancy/complications"[Mesh] OR "Obstetric Labor Complications"[Mesh] OR "Delivery,

"Delivery, Obstetric/mortality"[Mesh] OR "Maternal Mortality"[Mesh] OR "mortality"[mesh]

OR "morbidity"[mesh] OR "pregnancy complications" OR mortality OR morbidity OR "labor

Study risk of bias assessment and certainty assessment

Risk of bias was assessed using the NIH’s Quality Assessment Tool for Observational Cohort
and Cross-Sectional Studies and Case-Control Studies to examine critical concepts for each

study's validity. [28] Two independent reviewers assessed articles using the tool's criteria and

11
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v9)
<
(]
1 3
2 5
3 rated them as "good," "fair," or "poor" quality. This rating was based on the percentage of "Yes" =
4 gl
5 . . . . p 2
6 responses out of the total applicable questions in each tool. A study will be rated as “good” if it §
(%]
7 >
8 receives a “Yes" response for >80% of the applicable NIH critical appraisal questions, “fair” for §
9 n
=
1(1) 50%-79%, and “poor” for <49%. A “good” rating meant there was the least risk of bias, and the 2 =
[y
o 9w
12 . . . ST - . e 2
13 results were considered valid. [28] A "fair" rating indicated susceptibility to some bias but was g g
14 o . g3
15 insufficient to invalidate its results and would vary in their strengths and weaknesses. [28] A g S
16 g 'B
17 "poor" rating indicated a significant risk of bias and invalidated its results. [28] When the ratings g R
18 -
. . . . . . >
;g differed, a third reviewer arbitrated an article's rating. 2 §
21 S S
22 S B
53 Effect measures 3 =
o
24 ama
25 . . . . EE
by Measures of effect such as risk and odds ratios with 95% confidence intervals were extracted. 383
QS
27 o L o . 23S
28 Descriptive statistics like prevalence and incidence were also included. 52>
29 80d
30 _ , =53
31 Potential overlap in cohorts %g o
32 a2
o
33 . . . . . . . . . 5>
34 Given the research scarcity on the population of interest and topic mentioned in this article, we 2 %8
Sm3
35 EX .
36 attempted to manage for potential overlap in populations across different cohorts in the included Ei' S
37 Z 5
38 studies. Several strategies were used to manage any potential overlap and ensure the integrity 5 2
39 2 o
40 : : a S
41 and accuracy of the findings: 1) data sources for cohorts were meticulously documented, 2 g
42 a =
43 including specific populations covered by each study; 2) cohorts were often segmented by g: %
44 2 o
45 geographic regions and demographic characteristics relevant to Native American women and; 3) S
46 > 5
= D
j; assessed study periods to identify and address any potential overlap in cohorts. § :
49 2 5
50 S : 2
nthesis methods
51 Yy P
52 g
(@]
;31 A description of the findings for each study included in the review is provided in Appendix 2. o
@
55 . . . . . . _ 5
56 This table includes the risk factors, outcomes of interest, and study characteristics. A descriptive &
57 3
58 12 é
59 @
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synthesis of the results was the most appropriate for this review since there was a large diversity
of study designs, risk factors, and outcomes. The heterogeneity of the studies in this review
hindered any quantitative synthesis of the identified risk factors' effect sizes. The identified risk
factors are also organized into socioecological levels (i.e., individual, family, community,
society, or systems).[29] Risk factors were grouped by outcome examined. The information that
was reported for each risk factor included 1) the number of studies that analyzed the risk factor,
2) the number of studies that had a measure of effect for a risk factor and was reported to be
statistically significant, and 3) the number of studies that had a measure of effect for a risk factor,

and was not statistically significant.

[INSERT FIGURE 1]

RESULTS

Study Selection and study characteristics

A total of 8,220 articles were identified, of which 357 duplicates were removed, resulting in
7,863 articles for screening (Figure 1). During the screening process, there were 6,967
agreements for inclusion and 896 conflicts resolved by an arbitrator, for an overall percent
agreement of 88.6%. The selection process yielded 145 articles, of which 15 were included in the
review. [10,11,30-39] The most common reasons for study exclusion were: the wrong patient
population (41 studies), the wrong setting (22 studies), and the wrong type of publication (21
studies). Most (80.0%) studies used secondary data sources (i.e. hospital discharge records, vital
records, as such) to examine associations between risk factors and outcomes. There was an equal
number of studies across three study designs (5 studies each). The sample size across all studies

ranged from 196 to 51,685,525 with a mean sample size of 4,479,962, a median of 72,697, a

13
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standard deviation of 12,732,821.6, and an interquartile range of 2,123,375.0. Seven studies

focused primarily on Native American women (i.e., the study sample comprised mainly of

oNOYTULT D WN =

Native American women).[32—-34,36-38,40] The remaining eight studies included Native

10 American women as a subgroup in their sample.[10,11,30,31,35,39,41,42] Of these eight studies,
the percentage of Native American women that were part of the overall sample ranged from

15 0.4% to 10.1%, and six of these studies had a proportion of Native American women in their

17 sample that was < 1.4%. The total number of Native American participants across all studies
ranged from 196 to 492,771 with a mean of 57,266.5, a median of 7,107, a standard deviation of
22 129,234.2, and an interquartile range of 26,817.0. Study settings included nationwide (7/15

24 studies) [10,11,35,36,39,41,42] , statewide (4/15 studies) [30,31,37,38], and on Indian

26 reservations (4/15 studies) [32-34,40].
29 Risk of bias in studies

32 Fourteen studies were rated as "good” and one was rated as "fair" according to the NIH’s Study

Quality Assessment Tools. See Appendix 4 for individual assessments of quality. All cohort and
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37 cross-sectional studies were rated "good." [11,30,31,35,36,39—43] Most studies did not assess the
39 exposure more than once over time (7/10 studies). [30,31,35,39—41,43] A smaller proportion
were unable to demonstrate that the exposure of interest was measured before the outcome being
44 measured (5/10 studies) [11,36,39,42,43] or did not adjust models to include potential

46 confounders to assess their impact on the relationship between exposure(s) and outcome(s) (3/10
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studies).[36,40,42] The reviewers were unable to find evidence in some studies if the outcome
51 assessors were blinded to the exposure status of participants (3/10 studies) [11,36,42] or whether
53 there was a loss to follow-up amongst the cohort studies (3/5 studies). [30,35,40] Amongst the

35 case-control studies, four were rated as "good" [32—34,37] while one was rated as "fair." [38]
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The reviewers ascertained that some studies failed to provide a sample size justification (3/5
studies) [32—34] or did not randomly select cases and/or controls from the eligible study

population (2/5 studies). [33,38]

Results of individual studies and syntheses

Nine outcomes were identified in the studies: hypertensive disorders of pregnancy (preeclampsia,
severe preeclampsia, gestational hypertension, and hypertensive disorders of pregnancy), blood
transfusions, postpartum hemorrhage, disseminated intravascular coagulation (DIC),
hysterectomy, ectopic pregnancy, uterine atony, placental abruption, and SMM with mortality as
a composite outcome. Twenty-six risk factors were identified, 24 of these were individual risk
factors while two were community risk factors. No studies examined interpersonal/relationship

or societal levels risk factors.

Appendix 2 lists the frequency by which each risk factor and outcome was studied in the
literature. A majority of studies examined "hypertensive disorders of pregnancy" (8/15 studies)
[30-35,37,42] and "severe maternal morbidity and/or mortality" (4/15 studies) [10,11,39,41] as
outcomes. A majority of studies examined body mass index (BMI) (6/15 studies) [30-34,38],
maternal age (6/15 studies) [32—-36,40] , maternal race (5/15 studies) [10,31,39—41], and parity
(5/15 studies) [32—34,38,40] as risk factors for various outcomes. Table 3 is a summary table that
reports the number of studies grouped by outcome, the risk factors examined for associations,
and the direction of those associations. Appendix 3 summarizes additional details on study
design, sample size, and data sources, exposures and outcome variables, covariates, key findings,

including the measures of effect and study quality ratings.

15
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Table 3. Summary of risk factors and outcomes by risk/association category*

Outcome

TIncreased risk or
positive association

Hypertensive disorders of pregnancy (8 studies)

Pregnancy-induced hypertension

Rural maternal residency'”®
Maternal age 35 years or older
and smoked during
pregnancy'?”!

—No association

Continuous smokeless tobacco
us e223 0

Continuous cigarette
smoking?*3’

|Decreased risk or
negative association

Maternal age<35 years and
smoked during pregnancy’”!

Pre-eclampsia

Native American maternal

race®!4!

Overweight/obese BMI737% 83>

836,837

Age at delivery®>%°

Nulliparity$ 83687

Gestational diabetes®’

Genetic factors
CRP_A, 153093077,
(T allele additive)33°
MBL2, rs1800451,
(T allele dominant)
836
IL1A, 183273550, (T
allele dominant) %3¢
CTLAA4, 1s21775, (A
allele dominant) $3¢
CRP, 153093068, (G
allele additive)®*’
CRP, 153093068, (G
allele dominant)®*’
CRP, rs876538, (C
allele additive)®*’
CRP, 15876538, (C
allele recessive)®’

Continuous smokeless tobacco
use2230

Continuous cigarette
smoking?*3

Age at delivery 837

BMIJI4I

Genetic factors
CRP_B, 151205, (A
allele dom)33¢
CRP_C, rs1130864,
(T allele dom)®3¢
CRP, 158765338, (C
allele dominant)®7

Severe pre-eclampsia

Nulliparity®3% 837

Obese BMI*36537

Age at delivery33°

Gestational diabetes®’

Genetic factors
MBL2, rs1800451,
(T allele dominant)
836
IL1A, rs3273550, (T
allele dominant)®3
CTLAA4, 1s21775, (A
allele dominant)®3°
CRP, 153093068, (G
allele additive)37
CRP, rs3093068, (G
allele dominant)®3”
CRP, 15876538, (C
allele additive)®?’
CRP, 15876538, (C
allele recessive)®’

Age at delivery®’

Genetic factors
CRP_A, 153093077,
(T allele additive)33®
CRP_B, rs1205, (A
allele dom)*
CRP_C, 151130864,
(T allele dom)®3¢
CRP, 18765338, (C
allele dominant)®’
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Severe Maternal Morbidity and/or Mortality (4 studies)

Severe maternal morbidity
(SMM) with transfusions

BMJ Open

Native American maternal
race'”

Any physical health condition'”®
Any behavioral health
condition'"”

Multiple chronic conditions'"”

Native American maternal
race®??

Severe maternal morbidity
without transfusions

Rural maternal residency*’

Severe maternal morbidity and
mortality (SMMM)

Blood transfusions

Postpartum
hemorrhagePostpartum
hemorrhage

Rural maternal residency’**!
Native American race*’"’
Medicaid funded births’**!

Rural maternal residency’**"
4010

Medicaid-funded births3*?!
Native American maternal
race’!’

Native American Maternal
racel®!

Gravidity<5'3!
Birthweight>4500g'13!
Retained placenta’3’
Magnesium sulfate use'3 294
Antepartum bleeding?*
Previous postpartum
hemorrhage”*

Third stage of labor>20m***
Maternal rural residence**
Fetal macrosomia®#
Oxytocin use>12h?** Routine
aspirin use?*#

Prior uterine incision and
vaginal delivery?#
Pre-eclampsia without severe
features without use of
magnesium sulfate?*#
Parity>524

Length of second stage of labor>
1h2944

Inpatient induction length> to
36h2944

Urban maternal residency’**!

Blood Transfusions (2 studies)

Postpartum Hemorrhage (2 studies)

Prior uterine incision**

Other Outcomes (4 studies)

Uterine atony Native American maternal Gravidity<5'331
race'3! Induction augmentation’>3'!
Birthweight>4500g"33 Chorioamnionitis'3!
Ectopic pregnancy Maternal age>19 years'8!
THS region'®6!

Placental abruption

Continuous use of smokeless
tobacco?23
Continuous cigarette smoking??3

Disseminated intravascular
coagulation

Native American race*0!0

Rural maternal residency*!’

Hysterectomy

Native American race’*’’
Rural maternal residency*°'?

*BMI, body mass index; h, hours; m, minutes; significant associations are italicized and bolded, significant association in the same direction as

categorized
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v9)
<
(]
1 3
2 5
. Specific to hypertensive disorders of pregnancy, having a rural residency (1/1 studies), an z
5 . . 2
6 overweight or obese BMI (4/5 studies), age above 35 years also referred to as "advanced §
(%]
7 =
8 maternal age" (1/4 studies), and nulliparity (3/3 studies) were significantly associated with §
9 7]
=
1(1) increased risk. [30,32-34,42] Genetic predispositions to hypertensive disorders of pregnancy 2 =
[y
o 9w
12 .. . cq . . . . <Y
13 were not significantly associated with increased risk (3/3 studies). [32—-34] Studies that focused é g
14 5 =
15 on SMMM identified being of Native American race (2/3 studies), having a physical health 8 ?‘3
16 2 B
17 condition (1/1 study), a rural residency (1/2 studies), and births primarly paid by Medicaid (i.e., g E
18 o®
-9
;g public government insurance) (1/1 study) as significantly associated with increased risk. The risk § §
Q o
21 5 5
22 of blood transfusions was significantly associated with Native American race (1/1 study), rural N
o
23 - &
24 residency (2/2 studies), and Medicaid-funded births (1/1 study). [10,11,39] Postpartum ‘é r:”g
25 =
2o ®
;? hemorrhage risk was significantly associated with being of Native American race when %% N
23N
28 : : o . . . . s3®
29 compared to other racial/ethnic groups, a gravidity <5, a birthweight of 4500g, having a retained 5 ;5
30 ~53
31 placenta, magnesium sulfate use (2/2 studies), antepartum bleeding, previous postpartum %% 3
32 2S g
S pag s
gi hemorrhage, being in third stage labor greater than 20 minutes, maternal rural residency, fetal g =3
=.m 3
ERY)
22 macrosomia, and oxytocin use for longer than 12 hours. [38,40] Other outcomes are further a- g
37 . . Z 5
38 described in Appendix 3. s 3
39 z 3
40 & 3
41 This systematic review identified factors that demonstrated no association or a reduction of risk 2 3
42 ; E
43 for Native American women. For pregnancy-induced hypertension, one study identified that 3 3
44 2 o
-]
22 continuous smokeless tobacco use and cigarette smoking had no association. [37] A separate § §
= D
47 . . o =)
48 study determined that those younger than 35 had a decreased risk of hypertensive disorders of 8 :
49 2 B
50 pregnancy compared to those older than 35. [40] One study found no association between 8
51 P
. . . . ®
gg hypertensive disorders of pregnancy (e.g., preeclampsia) and BMI. [31] One of the three studies §
54 . L . . =
55 that focused on genetic predisposition identified that having CRP_B, rs1205, (A allele dominant) =
56 %
57 =
58 18 é
59 @
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decreased risk. [32] Native American race and rural residency were found to have no risk of
severe maternal morbidity and/or mortality in three distinct studies. [10,39,41]. One study did
not find an association between having a prior uterine incision and postpartum hemorrhage. [38]
Another study found no association between uterine atony and having a gravidity greater than 5,
induction augmentation, or chorioamnionitis. In contrast, a separate study found no association

between disseminated intravascular coagulation and a rural residency. [10,40].

Reporting biases and certainty of evidence

All studies relied on administrative data sources to assess outcomes and exposures
simultaneously, and all noted this as a considerable limitation in their study design. Four studies
noted concerns with small sample sizes, missing exposure and outcome data, and critical
demographic information that may have led to misclassification bias. Two studies considered
reporting bias in their study designs, while almost all studies (14/15 studies) referred to the
misidentification of Native American women based on predetermined guidelines for race

designation.

DISCUSSION

This systematic review synthesized the current literature by conducting a broad search of
outcomes associated with maternal morbidity and mortality and identifying their associated risk
factors for Native American women in the US. Despite the importance of understanding these
outcomes for this population, we found a limited number of studies addressing these critical
issues. All fifteen studies identified risk factors at the individual level, suggesting that an
overweight or obese BMI, advanced maternal age, parity, and rural maternal residency are

associated with Native American maternal morbidity or mortality. Few studies contradicted these

19
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v9)
<
(]
1 2
2 5
2 findings and demonstrated no association with Native American race, rural maternal residency, =
5 . o 2
6 or advanced maternal age. One study found no association with hypertensive disorders of S
7 2
8 pregnancy, including pregnancy-induced hypertension, preeclampsia, and severe preeclampsia o
9 n
=
10 with continuous smokeless tobacco use or continuous cigarette smoking. [37] o2
1 g B
12 2 9
T O
13 One notable finding is that age does not appear to be a substantial risk factor, contrasting with g %
14 < o
o) (0]
12 findings in other populations where advanced maternal age is often linked to higher risks.[44] § 5
< O
17 . . . . . . g R
18 This could be attributed to potential protective factors or differences in health profiles among =g
19 3 8
20 Native American women that merit further investigation. Two studies found no significant s g
21 5 5
«Q N
;g association between age at delivery and preeclampsia among Native American women.[33,34] 3 2
24 Zma
25 Conversely, the higher risk of morbidities among public governmental health insurance (i.e., 253
2 | o | | | SEN
27 Medicare or Medicaid) recipients is concerning and suggests a need for targeted interventions g% §
28 =5
e . . . . . . =0
gg within this subgroup. Studies showed that rural Native American Medicaid-funded births had the Qe
52
Lo =
31 . . .. . T . . .. 2=9
32 highest adjusted rate of severe maternal morbidity and mortality, indicating potential disparities ;:,g %
33 ' ' 555
34 in healthcare quality and access.[39,45] g %g
35 EX
36 | | . . | S
37 Studies assessing the relationship between genetic factors and preeclampsia or severe Z 3
g p g p p S
38 o 3
. . . . s . : 5 o
39 preeclampsia were completed in an Indian Reservation within a specific tribal health system.[32— > 3
40 e 5
Q o
2; 34] These studies uncovered that there is no association between genetic expression and a %
(%]
43 . . . . 3 3
44 preeclampsia for Native American women. However, all these studies concurred that many of 5 o
46 the risk factors, such as maternal age, nulliparity, and obesity, that are associated with -
47 e ~
S
48 . . . . . . . (E N
40 preeclampsia and severe preeclampsia in other populations were also operative in Native 2 §
50 . ... 2
51 American communities.[32—34] >
«Q
52 g
53 3
54 At the community level, our review identified four studies that included risk factors such as W
o
55 =
56 maternal residency and the Indian Health Service Region. This limitation further indicates the S
57 =
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need to expand research to identify and understand the role of community and society-level risk
factors. Social determinants of health, such as access to behavioral and primary care services,
housing, crime and violence, and health policies, have been demonstrated to contribute directly
to maternal mortality and morbidity in more extensive population studies.[46] Studies
highlighted the higher incidence of SMM and mortality among rural Native American women
compared to their urban counterparts, emphasizing the critical impact of geographic and

systemic disparities. [38,40,43]

This review did not find any information on prenatal care utilization and its association with
maternal morbidity or mortality despite strong evidence supporting adequate prenatal care
utilization in culturally competent healthcare institutions.[15,47,48] Early and adequate prenatal
care is thought to promote healthy pregnancies through screening and managing a woman's risk

factors and health conditions and promote healthy behaviors during pregnancy.[6]

It's important to recognize that other risk factors, like postpartum depression, substance use, and
behavioral health challenges, can also lead to morbidity and mortality, even if they don't occur
during delivery.[49] This study didn't consider the effects of historical trauma, discrimination,
and racism, which are significant health determinants for Native Americans.[17] These
experiences contribute to health deterioration over time, as explained by the weathering
hypothesis, which suggests that cumulative stress from racism and socioeconomic disadvantages

leads to worse health outcomes.[13]
Appraisal
Most studies were rated as "good" (14/15 studies), while one was rated as "fair." Despite this, we

were able to highlight the methodological shortcomings of some of the studies, such as the
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failure to assess the exposure more than once over time, the inability to demonstrate that

exposure was measured before outcome measurement, or not adjusting models to include

oNOYTULT D WN =

potential confounders. Additionally, some studies failed to provide sample size justification or

10 did not randomly select cases or controls from the eligible study population, posing bias risks.

13 We identified additional shortcomings in the available evidence. Racial/ethnic misclassification
on administrative databases leads to challenges with underreporting and further affects the

18 selection of study participants. Given the small percentage of Native American births in the

20 United States, which is only 0.7%, minor errors in misclassification can significantly impact data
analysis.[50] Multiple studies in this review reported small sample sizes, making it difficult to

25 determine if a particular outcome was a true finding, possibly allowing for type II errors. Among
27 studies that included samples that were not fully Native American, most reported a Native
American sample size of < 1.4%. The limited research in these communities hinders the

32 identification of additional risk factors for morbidity and mortality specific to Native American

34 women.[51] The measurement of maternal morbidity and mortality varied across the studies.
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36 This review used a broader definition of these outcomes, including conditions not listed by the
CDC as severe maternal morbidity. This approach aimed to provide a complete understanding of
41 the risk factors and health outcomes specific to Native American women. Lastly, relying heavily
43 on administrative data presents unique challenges in identifying risk factors not traditionally
included in these datasets, as their primary purpose may not align with the study's

48 hypothesis.[52]
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51 Strengths and limitations

54 Our systematic review faced some limitations despite our use of an expansive search strategy

56 informed by other published reviews.[3,53] We were unable to translate all MesH terms from
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PubMed into indexed language for other databases. There is also a risk of publication bias and
selective reporting of significant findings in the studies. Using NIH's quality assessment tools,
which are not independently published nor standardized may introduce bias due to the qualitative
nature of the review. Despite this, other systematic reviews have built the evidence supporting
the utility and practicality of utilizing this tool. [3] Furthermore, the review revealed significant
variation in the risk factors and outcomes across different studies. This highlights the complexity
and heterogeneity of maternal health issues among Native American women. This variation

presents a challenge in drawing definitive conclusions.

Despite these limitations, this systematic review is one of the few that identifies risk factors for
various outcomes indicating severe maternal morbidity and mortality among Native American
women in the US. The review addresses a critical gap in the literature by focusing on this
historically marginalized and underserved population, providing valuable insights for targeted
public health interventions and policies. Including various study designs allows for a more
comprehensive understanding of the associated risk factors and outcomes. We comprehensively
reviewed the current literature using multiple search strategies incorporating the CDC's list of
procedural and diagnoses for SMM. This systematic review utilized recommended language to
identify research in Native American communities following the National Library of Medicine
guidance. [54] Rigorous quality assessment tools were employed to evaluate the methodological
quality of the included studies, ensuring that the findings are based on reliable and valid
evidence. Additionally, organizing the identified risk factors into socioecological levels provides
a structured approach to understanding the complex interplay of factors influencing maternal

health in Native American communities.

Implications for practice, policy, and future research
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2 Appendix 1. Search strategy by database 3
> E
6 PubMed Search Strategy =2
(%]
7 #1 birth[tiab] OR labor[tiab] OR delivery[tiab] OR mothers[tiab] OR maternal[tiab] OR 2
8 "peripartum period"[mesh] OR peripartum[tiab] OR "labor, obstetric"[mesh] OR o
?O "obstetric*"[mesh] OR "obstetric*"[tiab] OR "pregnancy"[mesh] OR "pregnan*"[tiab] OR %
1" "perinatal"[tiab] OR "prenatal"[tiab] OR "parturition"[mesh] OR "parturition"[tiab] 3 P
o 9w
12 a
13 #2 "tribal" OR "tribe" OR "first nations" OR "indigenous peoples"[mesh] OR indigenous OR 14 é’
14 "health services, indigenous"[mesh] OR "american indians or alaska natives"[mesh] OR g 8
15 "american indian*" OR "indians, north american"[mesh] OR "native American" OR "alaska § 3
16 native" s 8
17 Q N
18 . o) . = g
19 #3 "severe maternal morbidity" OR "near miss" OR "adverse maternal outcomes" OR "maternal 5 X
20 mortality" OR "Near Miss, Healthcare"[Mesh] OR "Pregnancy/Adverse Effects"[Mesh] OR z 3
21 "Pregnancy/Injuries"[Mesh] OR "Pregnancy/Mortality"[Mesh] OR E S
22 "Pregnancy/complications"[Mesh] OR "Obstetric Labor Complications"[Mesh] OR "Delivery, = o
23 Obstetric/adverse effects"[Mesh] OR "Delivery, Obstetric/complications"[Mesh] OR "Delivery, c §
24 Obstetric/mortality"[Mesh] OR "Maternal Mortality"[Mesh] OR "mortality"[mesh] OR § [:,',‘g
;2 "morbidity"[mesh] OR "pregnancy complications" OR mortality OR morbidity OR "labor 3o ®
57 complications" OR "delivery complications" San
23N
28 525
29 #4 Search (#1 AND #2 AND #3) T0s
g ; EMBASE Search Strategy §§§
33 ('delivery:ab,ti' OR 'birth:ab,ti' OR 'labor:ab,ti' OR 'mothers':ab,ti OR 'maternal’:ab,ti OR g.,; g
34 'peripartum':ab,ti OR 'obstetric':ab,ti OR 'pregnancy':ab,ti OR 'perinatal’:ab,ti OR 'prenatal’:ab,ti 323
35 OR 'parturition’:ab,ti OR 'perinatal period'/exp OR 'labor'/exp OR 'pregnancy'/exp OR 'birth'/exp) gi@i
37 § =
38 AND s 3
39 z 3
40 (tribe OR 'indian health service' OR indigenous OR tribal OR 'first nations' OR 'american indian' e 3
4 OR 'native american' OR 'alaska native' OR 'indigenous people'/exp OR 'indigenous health "a’ z_g
42 care'/exp OR 'american indian'/exp) @ 9
43 3 3
a4 AND =S
25 5 ¢
46 (‘'severe maternal morbidity' OR 'adverse maternal outcomes' OR 'maternal mortality' OR 3 3
j; 'pregnancy complications' OR "mortality’ OR 'morbidity' OR 'labor complications' OR 'delivery 3l :
«Q
49 complications' OR 'near miss (health care)'/exp OR 'near miss' OR 'pregnancy complication'/exp o §
50 OR 'maternal mortality'/exp OR 'labor complication'/exp OR 'maternal outcome'/exp OR oy
51 'delivery complications'/exp OR 'maternal morbidity'/exp OR "'morbidity'/exp OR 'mortality'/exp) «E
52 S
53 ®
54 g
55 =
56 Q
57 5
>
58 é
59 @
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CINAHL Search Strategy

((TT delivery OR AB delivery) OR (TI birth OR AB birth) OR (TI labor OR AB labor) OR (TI
mothers OR AB mothers) OR (TI maternal OR AB maternal) OR (TI peripartum OR AB
peripartum) OR (T obstetrics OR AB obstetrics) OR (TI pregnancy OR AB pregnancy) OR (TI
perinatal OR AB perinatal) OR (TI prenatal OR AB prenatal) OR (TI parturition OR AB
parturition) OR (TI delivery OR AB delivery) OR MM "Perinatal Period" OR MM "Obstetric
Patients" OR MM "Delivery, Obstetric+" OR MM "Pregnancy+" OR MM "Labor+" OR MM
"Obstetrics+" OR MM "Childbirth+")

AND

(tribe OR "indian health service" OR Indigenous OR "native american" OR "american indian"
OR Tribal OR "first nations people" OR "alaska native" OR MM "Indigenous Peoples+" OR
MM "Health Services, Indigenous" OR MM "Native Americans+")

AND

("severe maternal morbidity" OR "near miss" OR "pregnancy complications" OR "obstetric
complications" OR mortality OR morbidity OR "maternal mortality" OR "maternal morbidity"
OR "delivery complications" OR MM "near-death experiences" OR MM "maternal mortality"
OR MM "obstetric emergencies" OR MM "Pregnancy Complications+" OR MM "labor
complications" OR MM "maternal mortality" OR MM "morbidity+" OR MM "mortality+")

SCOPUS Search Strategy

( "severe maternal morbidity" OR "near miss" OR "pregnancy complications" OR mortality
OR morbidity OR "labor complications" OR "delivery complications" OR "maternal
mortality" OR "maternal morbidity" OR "obstetric complications" )

AND

(indigenous OR "native american" OR "american indian" OR tribal OR "alaska native" OR
"first nations" OR tribe OR "indian health service" )

AND

( TITLE-ABS ( mother ) OR TITLE-ABS ( maternal ) OR TITLE-ABS ( peripartum ) OR
TITLE-ABS ( obstetric ) OR TITLE-ABS ( pregnancy ) OR TITLE-ABS ( perinatal ) OR
TITLE-ABS ( prenatal ) OR TITLE-ABS ( parturition ) OR TITLE-ABS ( labor ) OR
TITLE-ABS ( birth ) OR TITLE-ABS ( delivery ) )
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i Appendix 2. Risk Factors and Outcomes by Volume of Studies =
5 " =
: 5
7 No. of Studies @
o . (1]
8 Risk Factor SMMM | HDP' | BT DIC | Hyst | EP | UA | pa | Examining =
9 Each Risk b
10 Factor® - B
1 Body mass index 5 1 1 1 7 s B
12 Age 4 1 11 6 2 3
13 Maternal race 3 1 2 1 1 1 1 5 e 3
14 Parity 3 1 1 5 g g'
15 Maternal residence 2 1 2 1 1 3 g 3
16 Gene expressions 3 3 2N
17 Tobacco use 2 1 2 a N
. . 2 i
18 Birth primary payer | | ) Z (%
19 type 2 9
20 Magnesium Sulfate use 2 1 2 s S
21 Inpatient induction 2 1 2 g S;
22 Augmentation 1 1 1 T @
23 Birthweight 1 1 1 - &
24 : omg
25 Physical health/ 1 1 323
% chronic health status 32 g
QS
27 Gestational diabetes 1 1 r"g_"'g" §
28 Behavioral health ks
29 status (depre5519n or 1 1 TS
30 substance use disorder) <52
31 Ind_ian Health Service | 1 gé_%. g
32 region ac
33 Gravidity 1 1 1 8 =
34 Routine aspirin use 1 1 3 Ii'r?l 5
35 Prior uterine incision or Ei”« =
36 vaginal birth after 1 1 Q- =
37 cesarean Z 3
38 Macrosomia 1 1 s 3
39 Antepartum Bleeding 1 1 = -(gD
40 Previous PPH 1 1 @ g_
41 Length of labor 1 1 gg’_ 3
42 Oxytocin use 1 1 o 3
43 Chorioamnionitis 1 1 1 3 3
44 Retained placenta 1 1 1 2 9
45 o
46 No. of Studies § ‘g"
Examining Each 4 8 2 2 2 1 1 1 1 15 >
47 S
Outcome*” S -
48 S 8
49 *Severe maternal morbidity and mortality (SMMM), hypertensive disorders of pregnancy (HDP), blood 5‘2 N
50 transfusion (BT), postpartum hemorrhage (PPH), disseminated intravascular coagulation (DIC), hysterectomy )
51 (Hyst), ectopic pregnancy (EP), uterine atony (UA), and placental abruption (PA), blank cells represent no studies P
52 found. T The HDP category includes pre-eclampsia, severe pre-eclampsia, gestational hypertension, and o
53 hypertensive disorders of pregnancy. o Row and column figures do not represent totals since a study can include 2
54 multiple risk factors or outcomes. w
o
55 5
56 S
57 S
58 E
59 5
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Appendix 3. Table of included studies

Study
#

1178

Authors

Cameron,
N etal.

Year

2022

Locatio
n

Cross Nationw
Sectional ide

Sample
Size, Data
Source

51,685,525
all live
births in
the US to
individuals
aged 15-44
years, birth
vital
records

BMJ Open

Native
American
subsample
size

(% of total
sample)

492,771
(9.3%)

Risk
Factor
(Social
ecological
level)

Maternal
residence

©

Outcome(s)

Pregnancy
induced
hypertension

Adoo Aq pa1o

Covariaizs

None
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Quality
Rating
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Key Findings ([95%
Confidence Intervals]
unless otherwise
stated

-The incidence of
hypertensive disorders
of pregnancy differed
by racial and ethnic
identity within both
rural and urban areas.
The highest age-
adjusted incidence of
hypertensive disorders
of pregnancy was
observed among
individuals who
identify as American
Indian/ Alaskan Native.

-Significant increase in
the incidence of
hypertension disorders
of pregnancy among
Native American
women in rural areas
compared to those in
urban areas in 2007 and
2014 (2017 RR=1.21,
[1.11-1.33] and 2014
RR=1.17,[1.08-1.13])

-No significant increase
in the incidence of
hypertension disorders
of pregnancy among
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-No significant
associations were
observed between
smokeless tobacco use
and gestational
hypertension (aOR
0.93, [0.42-2.03).

o =
BMJ Open 3 3
g ©
= 3
S z Native American
S 6 e
s P women living in rural
= ;% areas compared to those
5 8 in urban areas was
= B observed in 2019 (2019
S 8 RR=1.03, [0.96-1.11])
Q P
ah b
2230 England, 2013 | Case Anchora | 1,123 1,123 Continuous | Pregnancy Parity, pee- € Good -No significant
L et al. Control ge, AK singleton (100%) smokeless associated pregnanés (r%n 5 associations were
deliveries tobacco use | hypertension, BMI, g. 3 observed between
from 1997- (D) and pre- maternal® 3 5 smokeless tobacco use
2005 to AN continuous eclampsia, age (_BD § and pregnancy-
women cigarette and =b associated hypertension
residing in smoking (I) | gestational z g (aOR 0.92, [0.56—
western hypertension }3 = 1.51]).
Alaska, P _
hospital =i -No S}gr'nﬁcant
et >E associations were
ive m 5 observed between
database / =z smokeless tobacco use
503 cases i and pre-eclampsia (aOR
and 502 E 0.90, [0.52-1.56]).
controls D
D
o}
N
B.
C
D
B
D
»]
5
D
N

"saifojouyoa) Jejiwis pue ‘Buluresy |y ‘Buiuiw erep pue 1xa] 0] paje|al

I~
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-No significant
associations were
observed between
continuous cigarette
smoking and
pregnancy-associated
hypertension (aOR
0.65, [0.31-1.37]).

-No significant
associations were
observed between
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o P . .
z b continuous cigarette
o é smoking and pre-
Z 8 eclampsia (aOR 0.69,
5 B [0.30-1.58]).
o ¢
c P ..
o ] -No significant
@ S associations were
s L observed between
c P continuous cigarette
G mE
32 :; smoking and gestational
3o hypertension (aOR
Sal 0.52, [0.14-1.90).
23R
—~ D
8141 | Zamora- 2016 | Cohort Washin | 71,080 7,189 Maternal Pre-eclampsia | Birth ye@,o § Good -AI/ANs had an
. X CE . .
Kapoor, A gton singleton (10.1%) race (I), maternal';g 5 increased risk of pre-
et al. State live births BMI (I) age, a3z eclampsia compared to
from 2003- educatiogaﬁ E Whites after controlling
2013 to attainmeﬁtg = for all covariates except
Whit and marital 3. m D BMI (OR 1.17 [1.06—
AI/AN status, gv = 1.29]). After further
women, Medicaic)]> id adjustment for BMI, the
linked insurancg, 35 racial disparity in pre-
birth- wiC 2 F eclampsia risk was
hospital participgo § greatly attenuated (aOR
discharge n, prenatgl & 1.05,0.95-1.16]).
: B
records smokingg £
BMI < 8 -AI/ANs.who were
3 B underweight (OR 1.39,
g 8 [0.64-3.02]), normal
T ¢ weight (OR 1.02, [0.83-
3 B 1.22]), overweight (OR
s p 1.23,0.93, 1.36]), or
< § obese (OR 1.00, [0.86,
@ Y 1.17]) generally had
C relative risks of pre-
® eclampsia comparable,
E or slightly (but not
- statistically
2 significantly) greater
& than those of their
R White counterparts.
D
c
D
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1 1371 Chang, J 2014 | Cohort Nationw | 3,113,164 34,348 Cigarette Pregnancy Prenatals 3, Good -The odds of pregnancy

. . . . < © . .
5 et al. ide singleton (1.10%) use during induced care = B induced hypertension
3 births pregnancy hypertension adequacy % was greater in non-
4 between D, (inclusive of weight 5= & Hispanic American
o o o bo 5
5 20-44 maternal pre-eclampsia | gain, = & Indian women 35 years
6 weeks age (I) and parity, % 3 or older who smoked
7 gestation eclampsia) diabetesS & during pregnancy (aOR
8 without marital E = 1.29, [0.88-1.89]).
9 major fetal status, @ M
10 anomalies chronic £ § 2 -A redl'lced qdds of PIH
11 in 2010 hyperte m-g' D was evident in non-
12 US natality on, ‘;”;g § Hlspamc American
13 file preeclang@ £ Indian women younger
14 ia sl than 35 years old who
15 eclampsg,é §_ sgked dugng Ao
16 tobacco 2 = > pregnancy based (a
17 use o< E 0.76, [0.66-0.87]).
18 8>k
19 . . . S mi
20 7372 Tiwari, R 2021 | Cohort Washin 105,466 978 Pre- Pre-eclampsia | MaternaE ¢, f Good -The strength of the
. S~ ..

21 et al. gton singleton (0.92%) pregnancy age, par@/, E association of
22 State live births BMI (I) delivery>» & overweight/obesity with
23 from 22 hospital,g ;T preeclampsia was much
24 facilities governmsn £ greater among NH
25 from 2018- thealtha AI/AN women (aRR
26 2018, insurancg, 5 5.24;[1.92-14.30]) and
27 hospital substanc® ' NH Native
28 administrat abuse, 3 5 Hawaiian/Other Pacific
29 ive nicotine gjf 5 Islander women than
30 database use, andg i among other
31 alcohol u;se E race/ethnicities (aRR
32 ° K 5.88,[1.30-36.51]).
33 S R

D
34 835 Best, L et 2012 | Case Belcourt | 299 women | 299 (100%) | Age at Pre-eclampsia | Nulliparffy, E" Good -Age at delivery (aOR
35 al. Control | ,ND tribal delivery (I), BMLage [ 1.0823, [p=0.0185])
; ? members of nulliparity ( at delivery g nulliparity (aOR
38 the Turtle I), BMI (1), E 6.8628, [p<0.001]), and
39 Mountain Single b obesity (aOR 1.0951,
0 Band of nucleotide = [p<0.001]) show robust

. . D .

o Chippewa polymorphi & independent effects
42 who sought sms L associated with
43 care in an [NOS3, £ preeclampsia.
44 IHS rs1799983 3
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clinic from recess), E § significant association
21()011-2099, N;)9813é227 % % bet\;veigdany of single
electronic rs SH nucleotide
medical (A allele % B polymorphisms studied
o ¢ .
records / dom), é 5 and pre-eclampsia.
101 cases GNB3, - B
matched allele dom), o me allele recess) (aOR
controls DDAHI, 0 3; 1.4087, [p=0.2354])
Do P
1310158674 TERM NOS3, 53918227 (A
(Callele 238 allele dom) (aOR
recess), CESS 0.7356, [p=0.4611])
DDAHI, § »e
15233115 SSE -GNB3, 155442 (A
(A allele 3=z 31 allele dom) (aOR
recess)] (I) Ei 3 0.9147, [p=0.8655])
D P s
33 g -DDAHI, rs10158674
g-@, - (C allele recess) (aOR
e F 1.0165, [p=0.9898])
> B
= 3 -DDAHI, 15233115 (A
S £ allele recess) (aOR
a T 2.2227. [p=0.1578])
» T
= B-
836 Best, L et 2012 | Case Belcourt | 196 women | 196 (100%) | Age at Pre- Nullipargy, E Good -Age at delivery did not
al. Control ,ND tribal delivery (I), | eclampsia, weightaB B show a significant
members of nulliparity severe pre- first & P association with pre-
the Turtle I, BMI eclampsia prenatal 3 ¢ eclampsia (aOR 1.036,
Mountain (D), single visit, BMI, [p=0.398]) and severe
Band of nucleotide birthweiglt N preeclampsia (aOR
Chippewa polymorphi of infantg. S 1.027, [p=0.586]).
who sought sms gestatiorfal i L
care in an [CRP_A diabetes, i -Nulllparl_ty (aOR
THS rs3093077 ageat @ 4.274, [p=0.003] and
hospital or (T allele delivery 3 20R 4'520’ [p=0.0091)
clinic from additive), ; and obesity (aOR 1.093,
electronic 51205 (A & 1.094, [p=0.007]) show
medical allele dom), _g f obus.t 1r.1depen.dent
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cases an rs E
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(T allele % o significant association
2 dom. IL1A 2 8 between any of single
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- 1$3783550 e b nucleotide . .
8 (T allele ) z polymorphisms studied
9 dom), § m 3 with pre-eclampsia‘and
10 CTLA4 © o ; severe pre-eclampsia
11 231775 %g' E except CRP_B, rs1205,
12 (A allele gg § (A allele dom).
13 dom)](I) §3 5 -CRP_B, 151205, (A
14 o 2 allele dom) was the
12 205 g only single nucleotide
17 Z P polymorphism that
18 =8 showed a significant

; é; ;" association with severe
19 SHhE re-eclampsia (aOR
20 EX3 p p
51 ; - B 0.259, [p=0.020)).
22 -
23 837 Best, L et 2013 | Case Belcourt | 410 women | 410 (100%) | Age at Pre- Nullipargy, £ Good -Age at delivery did not
24 al. Control , ND tribal delivery (I), | eclampsia, weight ag- 1% show a significant
25 members of nulliparity severe pre- first < -;j association with pre-
26 the Turtle (D), BMI eclampsia prenatal 5 B eclampsia (aOR 1.053,
27 Mountain D), visit, BMJ, § [p=0.076]) and severe
28 Band of gestational birthweight 8 preeclampsia (aOR
29 Chippewa diabetes (I), of infant;’i P 1.052, [p=0.166]).
30 who sought single gestatio@l & . .
31 care at an nucleotide diabetes3 B —Qestatlonal diabetes
32 IHS polymorphi % N d}d I.lf(ft show a .
33 hospital or sms [CRP %_ § s1gn1 1cant aSSOCI.j:ltIOIl
34 clinic from rs3093068 & 9 with pre-eclam8s1a
35 2004-2012, (G allele ; (aOR 1.684, [p=0.278])
36 electronic add), CRP € id severe pre-
i medical rs3093068 3 eclampsia (a0R 2.241,
39 records / (G allele ; [p=0.166]).
40 140 cases recess, CRP SZ -Independent effects of
41 and 270 rs3093068 GE nulliparity (aOR 5.6,
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rs876538 [ obesity (aOR 1.061,
(C allele : [p=0.002] and aOR
add), CRP = 1.059, [p=0.001]) on
2 pre-eclampsia and
, 15876538 S severe pre-eclampsia
(Callele = were observed.
recess),
CRP £ -There was no
rs876538 mE significant association
(C allele 2 B between any of single
dom), % D nucleotide
rs3093068 a b polymorphisms studied
(G dom) g N with pre-eclampsia and
and e severe pre-eclampsia
rs876538 SE except CRP rs3093068
(C recess) 26 (G allele add) and CRP
add risk 26 153093068 (G allele
score] (I) S dom) with severe pre-
a eclampsia (aOR 2.587,
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[p=0.05] and aOR
2.587, [p=0.050])

-The rs3093068 (G
dom) and rs876538 (C
recess) additive risk
score showed
significant association
with pre-eclampsia
(aOR 1.779, [p=0.016])
and severe pre-
eclampsia (aOR 2.035,
[p=0.013]).

119 Admon, L 2018 | Cross Nationw | 2,523,528 20,447 No chronic SMM Age, E Good -The incidence of
et al. Sectional | ide all hospital | (0.810%) conditions, income, L severe maternal

deliveries any payer, rural ¥ morbidity was

that physical : significantly higher
occurred health VS .urban 2 among deliveries to
between condition residence, D women in every racial
2012-2015, D), any and : and ethnic minatory
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1 National behavioral hospital§ 3, category compared with
5 Inpatient health region. =- § deliveries among non-
3 Sample condition 8 Hispanic white women.
4 (D), multiple 5 8 )
[ chronic z B -Arperlcan )
6 conditions 2 ¢ Indian/Alaska Native
7 0 @ S women are at increased
8 ma’ternal s L risk of severe maternal
c B morbidity compared to
9 race (I) o Me Y ph’
10 ? o 37 non-Hispanic white
11 Oo P women (aRR 1.5, [1.3-
12 FoR 1.7]) . This is not
A ignificant when blood
13 z2F significant when bloo
14 s transfusions are not
15 “SE included in severe
16 %‘;‘3, 3_ maternal morbidity
17 %g = (aRR 0.90, [0.68-1.2]).
-~
18 g > E -Among deliveries to
19 =m§g . .
S50 women with comorbid
20 S<—F . .
21 e F physical and behavioral
22 > £ health conditions,
_— D . . .
23 S B significant differences
24 > 8 in severe maternal
25 a B morbidity were
26 QSJ_ E identiﬁec.l am.ong.racial
27 o b and ethnic minority
28 3 § compared with non-
29 > § Hispanic white women
30 T Z, and the largest
31 % 5 disparities were
32 o E. identified among
33 @_ ) women with multiple
34 3 & chronic conditions.
35 9
36 r -In .conllparing
37 P dellve.rles among
38 o American
39 0 Indian/Alaskan Native
40 52 women with non-
41 € Hispanic white women,
1} .
42 T the rate difference for
43 £ severe maternal
44 5
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g ©
< ©
S 3, morbidity incidence
< 0 .
s P increased from 66.6
E % [95% CI 39.9-93.3] to
= R 101.3[95% CI -41.0-
c 8 243.5] per 10,000
% S delivery
a B hospitalizations,
S = respectively, in
c C
<§ m g comparing deliveri.es in
o which no and multiple
2ot chronic conditions were
— N . .
g o identified.
-~ P
= .
= "m* D -American
=5 3 Indian/Alaskan Native
% 3 3 women compared to
Q_g 3 non-Hispanic white
%’; = women are at increased
39 g risk for severe maternal
=2 o morbidity when any
e F physical health
§ 5 condition is present
S § (aRR 1.5, [1.3-1.7]),
S - any behavioral health
e . condition is present
”a’ B (aRR 1.2, [0.90-1.6]),
o 8 and having multiple (2
3 B or more) chronic
g 8 conditions (aRR 1.4,
T ¢ [0.93-2.20]).
> b
5
3421 Interrante, 2022 | Cross Nationw | 6,357,796 43,929 Primary SMM and Maternag j Good -Rural Indigenous
Jetal. Sectional | ide maternal (0.691%) payer type Mortality race and®’ ?-’. Medicaid-funded births
records D, (SMMM) ethnicity, & had the highest adjusted
from maternal maternal k predicted rate of
childbirth residence residence, £ SMMM (224.9 per
hospitalizat (©), maternal b 10,000 births, [187.0-
ions from maternal age, ; 262.9)).
2007-2015, race (I) childbirth & :
National year, <_§ —Among rura} residents,
Inpatient bottom £ births by Indigenous
Sample quartile of & péople had t'he greatest
differences in rates
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between Medicaid-
funded and privately
insured births (aRD,
97.8, [50.4-145.3]).

-When examining the
intersection of rurality
and race and ethnicity,
births among
Indigenous rural
residents had significant
additive interaction,
with 40% (aAP 0.40,
[0.11-0.69]) of SMMM
cases in that population
owing to the
interaction.

-When examining the
intersection of urban
status and race and
ethnicity, births among
Indigenous urban
residents did not have
an additive interaction
(aAP 0.06, [-0.20-
0.32]).

-If the excess risk of
SMMM associated with
Medicaid could be
mitigated (i.e., if the
risk of SMMM among
Medicaid-funded births
could be decreased to
the risk among the
privately insured), this
would not only prevent
the 23 cases per 10,000
births that occur among
white urban residents,
but an additional 98
cases per 10,000 births
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é E among Indigenous rural
= residents.
S |
952 Booker, W | 2018 | Cohort Nationw | 1,724,694 7,107 Maternal SMM, SMM Year, beg E Good -The incidence of SMM
et al. ide delivery (0.412%) race (I) excluding size, § ;’ was greater among
hospitalizat blood insurancg @ Native American
ions from transfusions status, 3z 2 women but not
women hospital = ¢ significant compared to
aged 40-54 location,‘é %1 E Non-Hispanic white
years income s g. 3 women (aRR 1.08,
between quartile,® 3 5 [0.93-1.25]).
1998-2014, hospital 8 3 3 .
National region, § b 'RISk, f(?r severe
Inpatient hospital @ £ £ morblley excluding
Sample teachinggg ;:)L trangfusmn among
status, a@é- b Native Americans is not
race 2-8 demonstrated because
D> of small denominators.
SmE
4010 Kozhiman | 2020 | Cross Nationw | 7,561,729 101,943 maternal SMMM, Age, E.v E Good -The incidence of
nil, K et Sectional | ide hospital (1.35%) residence SMMM insuranc§_> 11 SMMM was greater
al. live births (O), excluding payer, g hgr among indigenous
from white maternal blood income, 5 £ women compared with
and race (I) transfusion hospitalg white women (aRR 1.8,
indigenous region g %’ [1.6-2.0]).
women % S Withi b racial
between = 5 ithin each racia
2012-2015, = b group, 1n01denf:e of
National % P SMMM was higher
Inpatient o £ among rural cc?mpared
Sample 5 Z with urban residents
S L (2.3% for rural
D § indigenous women vs
: 9 1.8% for urban
b indigenous women) (a
B RR 1.3, [1.0-1.6));
Y (1.3% for rural white
o women vs 1.2% for
% urban white women)
“E (aRR 1.1, [1.1-1.2]).
:E' -Within indigenous
3 women, the incidence
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml o
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of SMM (excluding
transfusions) among
rural compared to urban
residents was not
significant (aRR 0.7,
[0.4-1.0)].

3421 Interrante, | 2022 | Cross Nationw | 6,357,796 43,929 Primary Blood b Good -Rural residents had
Jetal Sectional | ide maternal (0.691%) payer type transfusions race and% 2 ) greater odds of blood
records D, ethnicity> (_BD N transfusion for both
from maternal matema]% i D Medicaid-funded (aOR
childbirth residence residenc S £ 1.15,[1.06-1.25]) and
hospitalizat (©), maternalS © § privately insured (aOR
ions from maternal age, Zg : 1.20,[1.11-1.31])
2007-2015, race (I) childbirt&;; ’ hospital births
National year, 33§ compared to urban
Inpatient bottom g@ ¥ residents.
Sample quartile &f" £ o
income, 2 E -Medicaid-funded (aOR
hospital S B 1.71,[1.39-2.11]) and
region, s b privately insured
cesarcar® hospital (aOR 1.42,
birth, 3 2 [1.05-1.92]) indigenous
substan cg' ' births had the second
use 3 § highest odds of blood
disord eri N transfusions compared
depressi@, i to other racial/ethnic
HIVor = § groups. This yielded an
AIDS, % additive interaction p-
pulmoné%/ S value of 0.006.
hyperten$i
on, y
systemic D
lupus b
erythemato ...
sus, &
chronic 8
kidney P
disease, 2
chronic -
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chronic 2, B
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Do P
4010 Kozhiman | 2020 | Cross Nationw | 7,561,729 101,943 maternal Blood Age, 98 = Good -The incidence of blood
nil, K et Sectional | ide hospital (1.35%) residence transfusions insurancgg s transfusions was greater
al. live births (©), payer, © 21 among indigenous
from white maternal income, g oe women compared with
and race (I) hospital 2 8 2 white women (aRR 1.8,
indigenous region g o : [1.5-2.0]).
women TG ..
between ; % g -The 1:lrllc.ldence of bloo?
2012-2015, SmE Fraqs sion among rura
National E g indigenous women
Inpatient > T compared to urban
Sample = indigenous women was
%‘
=
©

statistically greater
(aRR 1.6, [1.2-2.0]).

1331 Chalouhi, 2015 | Cohort Gallup, 1,062 751 Maternal Postpartum None & P Good -A significantly higher
S etal NM women (70.7%) race (I), age | hemorrhage @' proportion of Native
who (D), parity 3 ¥ Americans than non-
delivered D, % native women
vaginally at gravidity ‘?D- = developed PPH (11.6%
the D, @ vs 7.0%, [p=0.02]).
Rehoboth birthweight ‘ o
McKinley (1), retained ': In .ml'lltlvarlab!e
Hospital, placenta (I), : lOgISU? regression
medical magnesium P analysis, the significant
records sulfate use E predictors of PPH were
), b Native American ethnic
induction i origin (OR 1.8, [1.1-
augmentati 5 3.0])., Qecreased
on (I), " gravidity of fewer than
For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml 3
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< 3
: chorioamni 2 ; 5(OR 1.2, [1.1-1.4]),
D) onitis (I) s P increased birth weight
3 = ;% greater than 4500 grams
4 5 E (OR 1.1,[1.0-1.0]),
5 c © retained placenta (OR
6 S 8 51.0, [9.8-288.2]), and
7 S use of magnesium
8 E Z sulfate (OR 3.5, [1.4-
9 om E 9.0)).
10 3
1 2944 Hadley, M | 2021 | Case Anchora | 384 384 (100%) | BMI (D), Postpartum Not %?D |, Fair -In the bivariate
12 et al Control ge, AK deliveries hemorrhage reportedg 3B analysis, the following
13 between anteptalrtum S % ; risk factors were
14 2018-2019 bleedmg § np significantly associated
15 at the (D), routine 58 E with a higher likelihood
1? Alaska asp 1rlgbus(1ed 2 P of postpartum
18 Native pII'CSCI"l e % :ﬁ 'j:; hemorrhage: BMI of 40
19 Medical (t)’ prlor S®H or more (OR 2.6, [1.4-
20 Center, uterine . 5 @ 3: 4.5]), antepartum
21 medical incision (I), @ - E bleeding (OR 6.3, [1.2-
22 records / prior > £ 31.6]), previous
uterine =
23 128 cases o S B postpartum hemorrhage
>4 and 256 Icision s £ (OR 5.0, [2.6-9.8]),
25 controls an. vaginal 8 o suspected macrosomia
26 eh.very O, ) g with estimated fetal
27 parity (D), : - % weight of 4000 g or
28 hacrosomt 3 B more (OR 2.7, [1.4-
29 a,pre- > § 5.3]), pre-eclampsia
30 ec.lamps1a = i with severe features and
31 without S 5 use of magnesium
32 severe 5 E. sulfate during labor
33 features & & (OR 4.7, [2.4-9.2],
34 with : 3 & length of third stage
35 magnesium =3 labor longer than 20
36 sulfate E min (OR 2.2, [1.1-4.4]),
37 during 5 and use of oxytocin for
38 labor (D), : more than 12 h (OR 5.0,
39 pre- o [2.3-10.6]).
40 eclampsia 3
41 with severe e -Residence in a rural
42 features 113; community (OR 2.2,
43 and use of £ [1.4-3.6]) and vitamin
U
2;—1 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml s
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previous
postpartum
hemorrhage
(D), length
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stage of
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residence
(C), and
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(I), and
inpatient
induction
length (I)
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D supplementation (OR
1.7, [1.1-2.6]) were also
significantly associated
with postpartum
hemorrhage.

-Multivariate condition
logistic regression
analyses found that
antepartum bleeding
(OR 8.8, [1.6-48.5]) ,
pre-eclampsia with
severe features and use
of magnesium sulfate
(OR 5.3, [2.4-11.9]),
previous postpartum
hemorrhage (OR 2.7,
[1.2-6.1]), third stage of
labor of 20min or more
(OR 2.9, [1.2-6.9]),
rural residence (OR 2.0,
[1.2-3.5]), fetal
macrosomia (OR 4.0,
[2.1-7.5]), and oxytocin
use for more than 12h
(OR 3.0, [1.1-8.0]) all
remained significantly
associated with an
increased risk of
hemorrhage in Native
American women.

-Routine aspirin use
(OR 1.7, [0.9-3.4]),
prior uterine incision
(OR 1.0, [0.52-2.1]),
prior uterine incision
and vaginal delivery
(OR 1.6, [0.58-4.4]), a
parity of 5 or more (OR
1.8, [0.87-3.9]), pre-
eclampsia without
severe features without
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=
1 § T use of magnesium
) 2 B sulfate (OR 2.1, [0.98-
3 Z P 4.4]), length of second
4 g P2 stage of labor grater or
5 = 6 equal to 1 hour (OR 1.6,
6 S 8 [0.88-3.0]), and an
7 sl inpatient induction
8 g z length of greater or
9 oMb equal to 36 hours (OR
10 288 2.3, [0.4-12.8]) were
11 %‘g ~ not significantly
12 26 associated with a higher
13 5 g i likelihood of
14 § % : postpartum
15 = hemorrhage.
16 285

O p§
17
18
19 =ME
20 1331 Chalouhi, 2015 | Cohort Gallup, 1,062 751 Maternal Uterine atony | None gi’l . Good -Uterine atony was
21 Setal NM women (70.7%) race (I), age e F recorded in a
22 who D), parity 2 significantly higher
23 delivered @, s F proportion of Native
24 vaginally at gravidity g 3:' Americans than non-
25 the D, N native patients (9.6% vs
26 Rehoboth birthweight "a’ : 4.8%:; [p=0.01)).
27 McKinley (1), retained o P o _
28 Hospital, placenta (I), g 5 -In unlvarlat'e E.lnalysls,
29 medical magnesium ) P factgrs predicting
30 records sulfate use o uterine atony were
31 1) = F native race (p=0.01),
32 inciucti on o [ decreasing gravidity
33 augmentati % g (p=0.02), induction
34 on (I) 7 augmentation (p=0.1),
35 chori (; amni : increasing birthweight
36 onitis (1) & (p=0.07), and
37 : chorioamnionitis
38 P (p=0.08).
39 &
40 E -In multivariable
41 P logistic regression
42 : analysis, Native
43 s American ethnic origin
44 5
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Northern Plains East
and the East region,
respectively.

-Compared to AI/AN
women who received

Q =2
BMJ Open g 3
T o
= 3
o b
s b (OR 2.0, [1.1-3.7]) and
< 0 . . . .
s P increasing birthweight
=z ;30 (OR 1.0, [1.0 1.0]) were
g' E significant predictors of
c © uterine atony.
2 ¢
5 b
«Q
1861 deRavello, [ 2015 | Cross Nationw | 229,986 229,986 Maternal Ectopic None gz §F air -The ectopic pregnancy
Letal Sectional | ide American 100% age (I), [HS | pregnancy c © EP) rate among AI/AN
o mE 2
Indian and region (C) ® > 5 women was lowest in
Alaska 3 g. 3 the 15—19 years age
Native SER group (5.5 EPs per
(AI/AN) gg § 1,000 pregnancies) and
women °2 b highest among 35-39
aged 15-44 228 year old (18.7 EPs per
years 2 }3 g— 1,000 pregnancies).
seeking oo P
care at 558 -Compared to AI/AN
Indian g 5 3 women aged 15-18
Health Sma years, women aged 35-
Service EV a 39 years were 3.4 times
(IHS) > i more likely to have an
Tribal. and = 35 EP (RR 3.4, [2.90-
) Q 3.
urban 5§ 41(%;)/3\]1)\I Compared tg s
Indian a B women aged 1=
health » b 18 years, the risk of an
facilities 2 2 EP increased with age
o o B from 1.56-3.42, except
e s B in women aged 40-44
2002-2009, D P .
Indian % b years were the risk was
Health % 3 less at 2.62 times (RR
Service % ﬁ‘ 2.62,[2.02-3.36]).
National < § -EP rates varied by
Patient 2op geographic region,
Informatfo C ranging between 6.9
o Reporting & and 24.4 per 1,000
System E pregnancies in the
)
>
E:
o}
Y
D
D
3
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=
1 § ; care in the Northern
D) e P Plains East region,
3 8 women who received
4 5 8 care in the East region

e 7
5 s P were 3.55 times more
6 S5 b likely to have an EP
7 B (RR 3.55, [2.75-4.57]),
8 E = in the Alaska region the
9 @ m 5 risk was 2.17 times (RR
10 wa 2.17, [1.73-2.72]), in
11 = E the Southern plains
12 T3 S region the risk was 1.56
13 58I times (RR 1.57, [1.25-
14 ) (Fé; S 1.95]), in the West
15 oS B region the risk was 1.39
16 a5 b times (RR 1.39, [1.09-
17 s E 1.77]), in the Norther
18 87> b Plains West region the
19 ga 5 risk was 1.36 times
20 STE (1.36, [1.08-1.71]), and
21 > b in the Southwest region
22 = ? the risk was lowest at
23 2 & 1.33 times (RR 1.33,
24 5 B [1.07-1.65).
25 e p
26 %J_ E_ -We found relatively
27 o stable annual rates of
28 3 B EP among A/AN
29 2 9 women receiving care
30 T & at IHS-affiliated
31 SHE facilities during 2002—
32 S N 2009, but considerable
33 Q N . .

5 8 variation by age group
34 N & and geographic region.
35 ]
;? 2230 England, 2013 | Case Anchora | 1,123 1,123 Continuous | Placental Parity, pre- Gg Good -Thirty-nine percent of
38 Letal. Control ge, AK singleton (100%) smokeless abruption, pregnancy § case deliveries were
39 deliveries tobacco use | placental BM]I, 352 also preterm (compared
40 from 1997- (D) and abruption maternal 3 with 7% of controls,
41 2005 to AN continuous expanded age € [p<0.001]), and 9.8%
42 women cigarette definition '113; were also complicated
43 residing in smoking (I) £ by pregnancy

D
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associated hypertension
(compared with 7% of
controls. [p=0.38]).

-There were no
significant associations
between placental
abruption and
continuous smokeless
tobacco use (aOR 1.11,
[0.53-2.33] and
continuous cigarette
smoking (aOR 1.19,
[0.43-3.29).

-An expanded
definition of abruption
did not change this
finding. There were no
significant associations
between continuous
smokeless tobacco use
(OR 1.07, [0.63-1.83])
or continuous cigarette
smoking (aOR 1.04,
[0.48-2.23]).
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S 3
1 4010 Kozhiman | 2020 | Cross Nationw | 7,561,729 101,943 maternal Disseminated Age, § ; Good DIC
5 nil, K et Sectional | ide hospital (1.35%) residence intravascular insurancg- S The incid FIBiIC
3 al. live births (©), coagulation payer, = ;:o -theinct en;e 0
4 from white maternal (DIC), income, 5§ T IS o e
5 and race (C) hysterectomy hospital = & .51g1.11ﬁcant among
6 indigenous region = B indigenous woman
7 e~ e P compared w01th whlteO
8 B oo E 2 women’(1.6 % vs 0.9%,
9 20122015, om 3 respectively) (aRR 1.1,
10 National 28 B [0.8-1.5]).
N Inpatient %:% E -Within indigenous
12 Sample 83 § women, there was no
13 § % b difference between
14 oL rural women and urban
12 gg = women (0.2% vs 0.2%,
17 2 P respectively) (aRR 0.8,
g 1 [0.3-1.3]).
18 28> L
19 ga 5 Hysterectomy
20 S—E
21 ©- -The incidence of a
22 z § hysterectomy was
23 s B greater among
24 = 1% indigenous woman
25 Q@ p compared with white
26 g E women (0.1% vs 0.1%,
27 ; é respectively) (aRR 1.8,
28 3 B [1.0-2.6]).
29 2 P
30 = L -Within indigenous
31 S 5 women, there was a
32 3 E, marginal increased risk
33 Q ng but not significant of
34 3 & hysterectomy among
35 =1 rural women (aRR 1.3,
36 & [0.3-2.3]).
37 Y
38 ®
39 2
40 =
41 <
42 S
43 g
44 ®
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Appendix 4. Results of NIH quality assessments for included studies

For observational cohort and cross-sectional studies:

e Hﬂ i
Yes Yes Yes Yes No

2018 Yes Yes NA Yes NA  Yes

Authors

ID#

119 Admon L, et al.

952  Booker W, et al. 2018 Yes Yes Yes Yes Yes Yes Yes No Yes No Yes

1178 Cameron, N.etal. 2022 Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes

1331 Chalouhi, S.etal. 2015 Yes Yes Yes Yes Yes Yes Yes Yes Yes No  Yes

1371 Chang, J et al 2014 Yes Yes Yes Yes Yes Yes Yes Yes Yes No  Yes

1861 deRavello, L.etal. 2015 Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes

3421 |Interrante, J. etal. 2022 Yes Yes Yes Yes Yes No Yes Yes Yes No Yes

4010 Kozhimannil, Ket 2020 Yes Yes Yes Yes No Yes Yes NA Yes NA  Yes

al.

7372 Tiwari, R. et al 2021 Yes Yes Yes Yes Yes Yes Yes Yes Yes No  Yes

8141 Zamora-Kapoor 2016 Yes Yes Yes Yes Yes Yes Yes Yes Yes No  Yes

A., etal

A study will be rated as “Good” if it receives a “Yes" response for >80% of the applicable NIH critical appraisal questions,

<50%.

Quality of included studies was assessed using the National Institutes of Health (NIH) Quality Assessment tool for Observational

Studies (https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools).
Q1. Was the research question or objective in this paper clearly stated?

Q2. Was the study population clearly specified and defined?

Q3. Was the participation rate of eligible persons at least 50%?
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1 2 3
2 Q N
2 i
3 Q4. Were all the subjects selected or recruited from the same or similar populations (including the same time period)? Were it Elusgn and exclusion criteria for
4 being in the study prespecified and applied uniformly to all participants? a2 3
5 Q5. Was a sample size justification, power description, or variance and effect estimates provided? 5 S
6 Q6. For the analyses in this paper, were the exposure(s) of interest measured prior to the outcome(s) being measured? 3 n
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ABSTRACT

Introduction and objective

Maternal morbidity and mortality (MMM) is a public health concern in the US, with Native
American women experiencing higher rates than non-Hispanic White women. Research on risk
factors for MMM among Native American women is limited. This systematic review
comprehensively synthesizes and critically appraises the literature on risk factors for MMM

experienced by Native American women.

Methods and analysis

A systematic search was conducted on 10 October 2022 in PubMed, Embase, CINAHL, and
Scopus for articles published since 2012. Selection criteria included observational studies set in
the US, involving Native American women in the perinatal period, and examining the
relationship between risk factors and MMM outcomes. Three reviewers screened and extracted
data from the included studies, with risk of bias assessed using National Institutes of Health

quality assessment tools. Data were analyzed descriptively.

Results

Fifteen studies were included. All studies utilized administrative databases, with settings
including nationwide (7 studies), statewide (4 studies), and Indian reservations (4 studies). The
majority of studies focused on hypertensive disorders of pregnancy (8 studies) and severe
maternal morbidity (SMM) (4 studies). Twenty-six risk factors were identified. Key risk factors
included Native American race (6 studies), rural maternal residency (4 studies),
overweight/obese body mass index (2 studies), maternal age (2 studies), nulliparity (2 studies),

and preexisting medical conditions (1 study).

3
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Conclusion

This review identified risk factors associated with MMM among Native American women,

oNOYTULT D WN =

9 including rural residency, overweight or obesity, and advanced maternal age. However, the

11 findings also reveal a scarcity of research specific to this population, limiting the ability to fully
13 understand these risk factors and develop effective interventions. These results emphasize the
need for further research and culturally relevant studies to inform public health and address

18 disparities for Native American women, particularly those in rural areas.

21 PROSPERO registration number CRD42022363405.
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ARTICLE SUMMARY

Strengths and limitations of this study

oNOYTULT D WN =

The review searched a variety of scientific databases to identify a wide range of studies
on maternal morbidity and mortality in Native American women in the United States.
The review incorporated studies conducted on Indian reservations and within specific
tribal health systems, providing insights tailored to the unique contexts and experiences
of Native American women.

The review synthesizes and critically appraises the limited existing literature on risk
factors for maternal morbidity and mortality specifically among Native American women
in the United States.

Many included studies had small sample sizes or low percentages of Native American
women, limiting the generalizability of the findings to this specific population.

Included studies relied on administrative databases (i.e., hospital discharge database, vital
recods registries, or electronic health records), which introduce potential reporting biases
and misclassification issues, especially concerning the racial categorization of Native

American participants.
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INTRODUCTION

Maternal morbidity and mortality (MMM) are alarming public health problems in the United

oNOYTULT D WN =

9 States (US). The Centers for Disease Control and Prevention (CDC) defines maternal mortality
1 as the death of a woman during pregnancy, at delivery, or soon after delivery. [1] Severe

13 maternal morbidity (SMM) refers to complications during labor and delivery with short- and
long-term health consequences (e.g., sepsis, blood transfusion, preeclampsia, or hysterectomy).
18 [2,3] The US has one of the highest maternal mortality ratios of any high-income country,

20 reporting 26.4 maternal deaths per 100,000 live births.[4] In contrast, Finland has the lowest
maternal mortality ratio of 3.8 deaths per 100,000 live births, a value nearly seven times lower
25 that the U.S. [4] The SMM rate surged 75% from 1998-1999 to 129 per 10,000 delivery

27 hospitalizations in 2008-2009.[2] Rising rates of blood transfusions, acute renal failure, shock,
and other adverse outcomes primarily drove this increase.[2] The rising MMM rates involve

32 complex interactions of factors at patients and families, providers or facilities, overall systems,

34 and within the community at various points in a woman’s reproductive life cylce. [5]
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37 Significant racial and ethnic health inequities persist in maternal health. [6-9] Native American
39 women are three to four times more likely to die than non-Hispanic White women from
pregnancy-related complications and are three to five times more likely to experience SMM than
44 non-Hispanic White women. [6,10,11] Historical trauma, racism, colonization, genocide, forced
46 migration, reproductive coercion, and cultural erasure contribute to these adverse outcomes. [12—

14] Native American women experience unique prolonged systemic barriers that create
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51 inequitable social conditions compared to other groups. [14—16] Some systemic barriers include

53 limited access to providers and birthing facilities. [14,17,18] In addition, a history of forced
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sterilization and forced infant and child separations has led to a strong distrust of the healthcare

systems and providers, including the Indian Health Service. [19-21]

Rationale

A scoping review on Native American women and the leading causes of maternal mortality in
the US identified risk factors like historical trauma, inequities in healthcare availability, access
and utilization, preexisting health conditions, and rurality. [22] A separate review of social
determinants on pregnancy-related mortality and morbidity identified that race was a significant
factor. [3] However, the review did not provide a list of risk factors specific to Native American
women, nor did it identify a study that evaluated maternal deaths among Native American
women. [3] There is a need to explore further and assess the quality of research specific to
MMM risk factors experienced by Native American women. Identifying this information can

help identify areas for prevention focused on Native American communities.

Objective

To assess and critically appraise individual and community-level risk factors for pregnancy-

related morbidity and mortality experienced by Native American women in the US.

METHODS

This systematic review follows a protocol previously published, which provides a comprehensive
framework for examining pregnancy-related mortality and morbidity among Native American women.
[23] Adhering to this pre-established protocol ensures methodological rigor and transparency, facilitating

reproducibility and reliability in the findings presented.

Patient and public involvement

7

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 8 of 62

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublaosug
| @p anbiydeibollqig soushy 1e Gzoz ‘2 sunr uo /wod fwg uadolway/:dny wolj psapeojumod 20z J18qWSAON 8Z U0 08£880-7202-uadolwa/oeTT 0T Se paysiignd 1si1) :uado rINg


http://bmjopen.bmj.com/

Page 9 of 62 BMJ Open

v9)
<
(]
1 3
2 5
2 Patients and the public were not involved in the design, conduct, reporting, or dissemination of =
5 | 2
6 this research. S
7 3
8 s . =
9 Eligibility criteria 2
10 T E
1 . . . . . . =4
12 This systematic review follows the Preferred Reporting Items for Systematic Reviews and Mata- @ Q
2 5
13 8 3
14 Analyses (PRISMA) guidelines. [24] Inclusion criteria for studies were: 1) observational study g g
15 g8 3
16 design; 2) study set in the United States; 3) population was Native American women in the 2 §
17 Q N
Z o
:g perinatal (i.e., the time surrounding childbirth) or puerperium period (i.e., the time after = %
21 childbirth up to 6 weeks); 4) outcomes focused on measures of pregnancy-related mortality and s S
« N
22 - ®
o
23 morbidity; 5) examined the relationship between a risk factor/exposure and stated outcomes; and c §
24 oMo
nw o3
;2 6) had a publication date between 1 January 2012 and 10 October 2022. This timeframe aligns 383
23N
27 : A o . 233
28 with a new standard for identifiying severe maternal morbidity published on 12 November 2012. gg N
29 80d
30 [2] Studies focusing on a different population were included if they offered a stratified analysis ;% 5
31 2z
gg by race and contained a racial category for Native Americans. Studies were excluded if: 1) gii
D >
34 . . . . . . 338
35 studies focused only on birth, neonatal, or infant outcomes; 2) studies that did not examine the 5 @i
> ~—+
36 ]
37 relationship between a risk factor/exposure and stated outcomes; 3) studies with settings outside Z 3
38 B 3
. . . . . . . S o
39 of the United States; 4) studies that did not include findings for Native American women; 5) > 3
40 e 5
Q o
2; studies that focus on the preconception or postpartum phases; and 6) studies were published a %
(%]
43 . N 3 5
44 outside of the specified time. 5 o
45 F o
46 S 5
47 Information sources and search strategy s 2
48 €y
49 : : . &
50 The search was carried out on 10 October 2022. The review searched scientific databases T
51 P
52 (PubMed, Embase, CINAHL, and Scopus).. With technical assistance from a health sciences %
53 o
o . . . w
gg librarian, the team used search tools and strategies, including shortening keywords where =
o
56 <
Q
57 '%
58 8 =
59 o
60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml s


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

appropriate, using thesaurus terms, and using database-specific controlled vocabulary (e.g.,
Medical Subject Headings, MeSH). The search strategy combined terms and search strings with
the appropriate Boolean operators. The complete search strategy is available in Appendix 1.
Covidence was used to manage every stage of the systematic review, including screenings, data

extractions, and risk of bias assessments. [25]

Selection process

Two independent reviewers screened titles and abstracts based on the eligibility criteria. If any
disagreement occurred, a third reviewer arbitrated. After the titles and abstracts were screened,
two independent reviewers screened full-text articles. The reasons for exclusion were noted at

the full-text article stage.

Data collection process

Two independent reviewers extracted study details such as location, study design, eligibility
criteria, methods, year of the article, year(s) of study, data source, objectives, sample size and
population, independent (risk factors) and dependent (outcomes) variables, key findings,
measures of effect/association with p-values and confidence intervals, and limitations. For any
missing information, the lead author contacted the corresponding authors thrice via email or
phone to request information. Any discrepancies within data extraction were reviewed and

discussed in a team setting.

Data items

Primary outcomes of interest were maternal morbidity and mortality, including severe maternal

morbidity (SMM) based on the CDC’s list of 21 diagnoses and procedures (Table 1). [26]

9
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Table 1 Outcomes of interest
Mortality and near-misses
Severe maternal morbidity diagnostic or Acute myocardial infarction
procedural outcomes Acute renal failure

Adult respiratory Distress Syndrome
Amniotic fluid embolism

Aneurysm

Cardiac arrest

Disseminated intravascular coagulation
Eclampsia

Heart failure

Puerperal cerebrovascular disorders
Pulmonary edema

Sepsis

Severe anesthesia complications
Shock

Sickle cell anemia with crisis
Thrombotic embolism

Blood transfusion

Conversion of cardiac thythm
Hysterectomy

Temporary tracheostomy
Ventilation

Additional morbidity outcomes Postpartum hemorrhage
Ectopic pregnancy
Placental abruption
Uterine atony

This list was used to identify additional articles that did not utilize a composite outcome of
severe maternal morbidity or mortality. Given the scope of this review, the terms "pregnancy

complications," "obstetric complications," "labor complications," and "near-miss" were added to
the list of outcomes to increase the sensitivity of the review. Pregnancy, labor, and obstetric
complications encompass conditions occurring during or after pregnancy, ranging from minor
discomforts to severe diseases requiring medical intervention, including both pregnancy-related

conditions and preexisting diseases in pregnant women.[27] A near-miss refers to a life-

threatening event that does not result in death.[28] The search strategy was pilot-tested in
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PubMed, finalized, and adapted to other databases (Table 2). The complete search strategy is
available in Appendix 1. The results from each database-specific search strategy were
downloaded from the respective databases and uploaded to the EndNote software. [29] After

removing the duplicates, the citations were imported into Covidence.

Table 2 PubMed search strategy

#1 birth[tiab] OR labor[tiab] OR delivery[tiab] OR mothers[tiab] OR maternal[tiab] OR
"peripartum period"[mesh] OR peripartum[tiab] OR "labor, obstetric"[mesh] OR
"obstetric*"[mesh] OR "obstetric*"[tiab] OR "pregnancy"[mesh] OR "pregnan*"[tiab] OR
"perinatal"[tiab] OR "prenatal"[tiab] OR "parturition"[mesh] OR "parturition"[tiab]

#2 "tribal" OR "tribe" OR "first nations" OR "indigenous peoples"[mesh] OR indigenous OR
"health services, indigenous"[mesh] OR "american indians or alaska natives"[mesh] OR
"american indian*" OR "indians, north american"[mesh] OR "native American" OR "alaska
native"

#3 "severe maternal morbidity" OR "near miss" OR "adverse maternal outcomes" OR
"maternal mortality" OR "Near Miss, Healthcare"[Mesh] OR "Pregnancy/Adverse
Effects"[Mesh] OR "Pregnancy/Injuries"[Mesh] OR "Pregnancy/Mortality"[Mesh] OR
"Pregnancy/complications"[Mesh] OR "Obstetric Labor Complications"[Mesh] OR "Delivery,
Obstetric/adverse effects"[Mesh] OR "Delivery, Obstetric/complications"[Mesh] OR
"Delivery, Obstetric/mortality"[Mesh] OR "Maternal Mortality"[Mesh] OR "mortality"[mesh]
OR "morbidity"[mesh] OR "pregnancy complications" OR mortality OR morbidity OR "labor

complications" OR "delivery complications"

11
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including specific populations covered by each study; 2) cohorts were often segmented by
geographic regions and demographic characteristics relevant to Native American women and; 3)

assessed study periods to identify and address any potential overlap in cohorts.

Synthesis methods

Appendix 2 provides a summary of study findings, including risk factors, outcomes, and study
characteristics. A descriptive synthesis was used due to the diversity in study designs, risk
factors, and outcomes, which precluded quantitative analysis. Risk factors were organized by
socioecological levels (individual, family, community, society, or systems) and grouped by
outcome. [31] For each risk factor, the table reports the number of studies analyzing it, and

whether the effect was statistically significant.

[INSERT FIGURE 1]

RESULTS

Study Selection and study characteristics

A total of 8,220 articles were identified, of which 357 duplicates were removed, resulting in
7,863 articles for screening (Figure 1). During the screening process, there were 6,967
agreements for inclusion and 896 conflicts resolved by an arbitrator, for an overall percent
agreement of 88.6%. The selection process yielded 145 articles, of which 15 were included in the
review. [10,11,32—41] The most common reasons for study exclusion were: the wrong patient
population (41 studies), the wrong setting (22 studies), and the wrong type of publication (21
studies). Most (80.0%) studies used secondary data sources (i.e. hospital discharge records, vital

records, as such) to examine associations between risk factors and outcomes. There was an equal

13
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number of studies across three study designs (5 studies each). The sample size across all studies

ranged from 196 to 51,685,525 with a mean sample size of 4,479,962, a median of 72,697, a

oNOYTULT D WN =

standard deviation of 12,732,821.6, and an interquartile range of 2,123,375.0. Seven studies

10 focused primarily on Native American women (i.e., the study sample comprised mainly of
Native American women).[34-36,38—40,42] The remaining eight studies included Native

15 American women as a subgroup in their sample.[10,11,32,33,37,41,43,44] Of these eight studies,
17 the percentage of Native American women that were part of the overall sample ranged from
0.4% to 10.1%, and six of these studies had a proportion of Native American women in their

22 sample that was < 1.4%. The total number of Native American participants across all studies

24 ranged from 196 to 492,771 with a mean of 57,266.5, a median of 7,107, a standard deviation of
26 129,234.2, and an interquartile range of 26,817.0. Study settings included nationwide (7/15

29 studies) [10,11,37,38,41,43,44] , statewide (4/15 studies) [32,33,39,40], and on Indian

31 reservations (4/15 studies) [34-36,42].

34 Risk of bias in studies
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37 Fourteen studies were rated as "good” and one was rated as "fair" according to the NIH’s Study
39 Quality Assessment Tools. See Appendix 4 for individual assessments of quality. All cohort and
cross-sectional studies were rated "good." [11,32,33,37,38,41-45] Most studies did not assess the
44 exposure more than once over time (7/10 studies). [32,33,37,41-43,45] A smaller proportion

46 were unable to demonstrate that the exposure of interest was measured before the outcome being

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

measured (5/10 studies) [11,38,41,44,45] or did not adjust models to include potential
51 confounders to assess their impact on the relationship between exposure(s) and outcome(s) (3/10
53 studies).[38,42,44] The reviewers were unable to find evidence in some studies if the outcome

35 assessors were blinded to the exposure status of participants (3/10 studies) [11,38,44] or whether
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there was a loss to follow-up amongst the cohort studies (3/5 studies). [32,37,42] Amongst the
case-control studies, four were rated as "good" [34-36,39] while one was rated as "fair." [40]
The reviewers ascertained that some studies failed to provide a sample size justification (3/5
studies) [34-36] or did not randomly select cases and/or controls from the eligible study

population (2/5 studies). [35,40]

Results of individual studies and syntheses

Nine outcomes were identified in the studies: hypertensive disorders of pregnancy (preeclampsia,
severe preeclampsia, gestational hypertension, and hypertensive disorders of pregnancy), blood
transfusions, postpartum hemorrhage, disseminated intravascular coagulation (DIC),
hysterectomy, ectopic pregnancy, uterine atony, placental abruption, and SMM with mortality as
a composite outcome. Twenty-six risk factors were identified, 24 of these were individual risk
factors while two were community risk factors. No studies examined interpersonal/relationship

or societal levels risk factors.

Appendix 2 lists the frequency by which each risk factor and outcome was studied in the
literature. A majority of studies examined "hypertensive disorders of pregnancy" (8/15 studies)
[32-37,39,44] and "severe maternal morbidity and/or mortality" (4/15 studies) [10,11,41,43] as
outcomes. A majority of studies examined body mass index (BMI) (6/15 studies) [32—-36,40],
maternal age (6/15 studies) [34-38,42] , maternal race (5/15 studies) [10,33,41—43], and parity
(5/15 studies) [34-36,40,42] as risk factors for various outcomes. Table 3 is a summary table that
reports the number of studies grouped by outcome, the risk factors examined for associations,
and the direction of those associations. Appendix 3 summarizes additional details on study
design, sample size, and data sources, exposures and outcome variables, covariates, key findings,

including the measures of effect and study quality ratings.

15
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Table 3. Summary of risk factors and outcomes by risk/association category*

Outcome

TIncreased risk or
positive association

Hypertensive disorders of pregnancy (8 studies)

Pregnancy-induced hypertension

Rural maternal residency'”®
Maternal age 35 years or older
and smoked during
pregnancy 37!

—No association

Continuous smokeless tobacco
useZZSO
Continuous cigarette smoking??3

|Decreased risk or
negative association

Maternal age<35 years and
smoked during pregnancy’”!

Pre-eclampsia

Native American maternal
race®!4!
Overweight/obese BMI737% 83>
836,837
Age at delivery®>%°
Nulliparity$ 83687
Gestational diabetes®’
Genetic factors (Single
Neuclotide Polymorphisms,
SNPs)
CRP_A, rs3093077, (T allele
additive)®®
MBL2, rs1800451, (T allele
dominant) 3¢
IL1A, rs3273550, (T allele
dominant) 3¢
CTLAA4, rs21775, (A allele
dominant) 3¢
CRP, 153093068, (G allele
additive)®?’
CRP, 153093068, (G allele
dominant)33’
CRP, 15876538, (C allele
additive)®?’
CRP, rs876538, (C allele
recessive)®’
NOS3, rs1799983 (G allele
recessive)$?
DDAHI, rs10158674 (C
allele recessive)’?
DDAHI, rs233115 (A allele
recessive)’?

Continuous smokeless tobacco
use2230
Continuous cigarette smoking??3
Age at delivery 837
BMI®14!
Genetic factors (SNPs)
GNB3, rs5442 (A allele
dominant)?3

Genetic factors (SNPs)
CRP_B, 151205, (A allele
dom)®
CRP_C, rs1130864, (T allele
dom)&36
CRP, rs876538, (C allele
dominant)®37
NOS3, 153918227 (A allele
dominant)333
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Severe Maternal Morbidity and/

Severe maternal morbidity
(SMM) with transfusions

MBL2, rs1800451,
(T allele dominant)
836

IL1A, rs3273550, (T
allele dominant)33¢
CTLAA4, 1s21775, (A
allele dominant)33¢
CRP, 153093068, (G
allele additive)®*’
CRP, rs3093068, (G
allele dominant)®3”
CRP, 15876538, (C
allele additive)®?”
CRP, 15876538, (C
allele recessive)®’

or Mortality (4 studies)

Native American maternal
race'”

Any physical health condition'”’
Any behavioral health
condition'"”

Multiple chronic conditions (2
or more)'!?

BMJ Open
Severe pre-eclampsia Nulliparity®3% 837 Age at delivery®’ Genetic factors (SNPs)
Obese BMI*36537 CRP_A, 153093077,
Age at delivery®® (T allele additive)33¢
Gestational diabetes®3” CRP_B, rs1205, (A
Genetic factors (SNPs) allele dom)*

Native American maternal
race?>?

CRP_C, rs1130864,
(T allele dom)®3¢
CRP, 5876538, (C
allele dominant)®*’

Severe maternal morbidity
without transfusions

Native American maternal
race'!’
Rural maternal residency*°'°

Severe maternal morbidity and
mortality (SMMM)
Blood Transfusions (2 studies)

Blood transfusions

Postpartum
hemorrhagePostpartum
hemorrhage

Rural maternal residency’**!
Native American race*’'’
Medicaid funded births3#*!

Rural maternal residency’**"
w010

Medicaid-funded births3**!
Native American maternal
race’!’

Postpartum Hemorrhage (2 studies)

Native American Maternal
racel®!

Gravidity<5'53!
Birthweight>4500g'13!
Retained placenta’3’
Magnesium sulfate use'3 294
Antepartum bleeding?*
Previous postpartum
hemorrhage’*

Third stage of labor>20m?>**
Maternal rural residence®*
Fetal macrosomia®#
Oxytocin use>12h?**
Routine aspirin use?*#

Prior uterine incision and
vaginal delivery?**

Urban maternal residency?#?!

Prior uterine incision?**
BMI>402%4
Vitamin D supplementation>#
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Pre-eclampsia without severe
features without use of
magnesium sulfate?*
Parity>524

Length of second stage of labor>
1h2944

Inpatient induction length> to

36h2944
Other Outcomes (4 studies)
Uterine atony Native American maternal Gravidity<5'3!
race'3! Induction augmentation'?!
Birthweight>4500g"33! Chorioamnionitis'33!
Ectopic pregnancy Maternal age>19 years'®*!
Indian Health Service
region'®6!
Placental abruption Continuous use of smokeless
tobacco??3
Continuous cigarette smoking??3
Disseminated intravascular Native American race*! Rural maternal residency*°'
coagulation
Hysterectomy Native American race’*’

Rural maternal residency*'

*BMI, body mass index; h, hours; m, minutes; significant associations are italicized and bolded, significant association in the same direction as
categorized

Specific to hypertensive disorders of pregnancy, having a rural residency (1/1 studies), an
overweight or obese BMI (4/5 studies), age above 35 years also referred to as "advanced
maternal age" (1/4 studies), and nulliparity (3/3 studies) were significantly associated with
increased risk. [32,34-36,44] Genetic predispositions to hypertensive disorders of pregnancy
were not significantly associated with increased risk (3/3 studies). [34-36] Studies that focused
on SMMM identified being of Native American race (2/3 studies), having a physical health
condition (1/1 study), a rural residency (1/2 studies), and births primarly paid by Medicaid (i.e.,
public government insurance) (1/1 study) as significantly associated with increased risk. The risk
of blood transfusions was significantly associated with Native American race (1/1 study), rural
residency (2/2 studies), and Medicaid-funded births (1/1 study). [10,11,41] Postpartum
hemorrhage risk was significantly associated with being of Native American race when

compared to other racial/ethnic groups, a gravidity <5, a birthweight of 4500g, having a retained
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placenta, magnesium sulfate use (2/2 studies), antepartum bleeding, previous postpartum
hemorrhage, being in third stage labor greater than 20 minutes, maternal rural residency, fetal
macrosomia, and oxytocin use for longer than 12 hours. [40,42] Other outcomes are further

described in Appendix 3.

This systematic review identified several factors related to maternal health among Native
American women, including some that did not align with findings from other populations. For
example, continuous smokeless tobacco use and cigaerrete smoking were found to have no
significant association with pregnancy-induced hypertension in one study. [39] A separate study
identified that women under 35 had a decreased risk of hypertensive disorders of pregnancy
compared to those older than 35. [42] One study found no association between hypertensive
disorders of pregnancy (e.g., preeclampsia) and having an overweight/obese BMI. [33] Genetic
factors also demonstrated varying outcomes. One study identified that the CRP_B, rs1205 Single
Nucleotide Polymophisms (SNPs) (A allele dominant) was associated with a decreased risk for
pre-eclampsia while another study found the CRP rs3093068 SNP (G allele dominant) linked to
an increased risk. [34,35] Other SNPs examined in these studies showed no sinigiifcant
association with preeclampsia or other an increased risk while other SNPs showed no association
or relationship. [34,35] In contrast to other studies, Native American race and rural residency
were not assicated with severe maternal morbidity and/or mortality in three distinct studies.
[10,41,43]. Another study found no significant association between uterine atony and factors
such as high gravidity, induction augmentation, or chorioamnionitis. Interestingly, rural
residency also did not appear to increase the risk of disseminated intravascular

coagulation[10,40,42].

Reporting biases and certainty of evidence

19

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 20 of 62

'salIfojouyoal Jejiwis pue ‘Buiuresy |v ‘Buluiw elep pue 1xa1 01 pale|al sasn Joj Buipnjoul ‘1ybliAdod Aq paloalold

* (s3gv) Jnauadns juswaublaosug
| @p anbiydeibollqig soushy 1e Gzoz ‘2 sunr uo /wod fwg uadolway/:dny wolj psapeojumod 20z J18qWSAON 8Z U0 08£880-7202-uadolwa/oeTT 0T Se paysiignd 1si1) :uado rINg


http://bmjopen.bmj.com/

Page 21 of 62 BMJ Open

v9)
<
(]
1 3
2 5
2 All studies relied on administrative data sources to assess outcomes and exposures =
5 | | | o | | 2
6 simultaneously, and all noted this as a considerable limitation in their study design. Four studies S
7 2
8 noted concerns with small sample sizes, missing exposure and outcome data, and critical §
9 7]
=
1(1) demographic information that may have led to misclassification bias. Two studies considered 2 =
[y
o 9w
12 . L. . . . . . e 2
13 reporting bias in their study designs, while almost all studies (14/15 studies) referred to the g g
14 o . . o g g
15 misidentification of Native American women based on predetermined guidelines for race g S
16 2 B
17 1 i =N
A designation. S i
- o
19 3 8
20 DISCUSSION 5 o
21 (g S
22 S o
23 This systematic review synthesized the literature by conducting a broad search of outcomes c §
24 oo
nw o3
;2 associated with maternal morbidity and mortality and identifying their associated risk factors for 383
28 Native American women in the US. Despite the importance of understanding these outcomes for RS
29 80d
30 this population, we found a limited number of studies addressing these critical issues. All fifteen ;% 5
31 2z
gg studies identified risk factors at the individual level, suggesting that an overweight or obese BMI, gi o
D >
34 . .. g . 3me
35 advanced maternal age (35 years or older) in certain situations, parity, and rural maternal E) @i
> ~—+
36 : : . : . - : : o8
37 residency are associated with Native American maternal morbidity or mortality. Few studies Z 3
38 B 3
. . . . . . . S o
39 contradicted these findings and demonstrated no association with Native American race, rural > 3
40 e 5
Q o
2; maternal residency, or advanced maternal age. One study found no association with hypertensive a %
(%]
43 . _ . . . 3 5
44 disorders of pregnancy, including pregnancy-induced hypertension, preeclampsia, and severe 5 o
-]
25 5 ¢
46 preeclampsia with continuous smokeless tobacco use or continuous cigarette smoking. [39] z 3
47 S
48 & N
49 While advanced maternal age is often associated with higher risks for adverse maternal health & B
50 ')
. . . . . . >
g; otucomes in other populations, this review found both consistent and nuanced findings among @
]
(@]
53 . . . . . . . o
54 Native American women. Specifically, advanced maternal age was associated with a higher risk o)
o
55 =
56 of hypertensive disorders, including pregnancy-induced hypertension, especially among those S
57 =
58 20 é
59 @
60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml s


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

who smoked during pregnancy. However, two studies found no significant association between
age at delivery and preeclampsia in this population. These results suggest that while advanced
age can be a risk factor for some outcomes, such as hypertension, it may not uniformly affect all
maternal health conditions. This could also indicate the presence of potential protective factors
or differences in health profiles among Native American women that merit further investigation.
Conversely, the higher risk of morbidities among public governmental health insurance (i.e.,
Medicare or Medicaid) recipients is concerning and suggests a need for targeted interventions
within this subgroup. Studies showed that rural Native American Medicaid-funded births had the
highest adjusted rate of severe maternal morbidity and mortality, indicating potential disparities

in healthcare quality and access.[41,46]

Studies assessing the relationship between genetic factors and preeclampsia or severe
preeclampsia were completed in an Indian Reservation within a specific tribal health system.[34—
36] These studies uncovered that there were only two associations between genetic expression
and preeclampsia for Native American women among those studies. These studies concurred that
many of the risk factors, such as maternal age, nulliparity, and obesity, that are associated with
preeclampsia and severe preeclampsia in other populations were also operative in Native

American communities.[34—36]

At the community level, our review identified four studies that included risk factors such as
maternal residency and the Indian Health Service Region. This limitation further indicates the
need to expand research to identify and understand the role of community and society-level risk
factors. Social determinants of health, such as access to behavioral and primary care services,
housing, crime and violence, and health policies, have been demonstrated to contribute directly

to maternal mortality and morbidity in more extensive population studies.[47] Studies
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highlighted the higher incidence of SMM and mortality among rural Native American women

compared to their urban counterparts, emphasizing the critical impact of geographic and

oNOYTULT D WN =

systemic disparities. [40,42,45]

11 This review did not find information on prenatal care utilization and its association with maternal
13 morbidity or mortality despite strong evidence supporting adequate prenatal care utilization in
culturally competent healthcare institutions.[15,48,49] Early and adequate prenatal care is

18 thought to promote healthy pregnancies through screening and managing a woman's risk factors

20 and health conditions and promote healthy behaviors during pregnancy.[6]

23 This review did not consider the effects of historical trauma, discrimination, and racism, which
are significant health determinants for Native Americans.[17] These experiences contribute to
28 health deterioration over time, as explained by the weathering hypothesis, which suggests that
30 cumulative stress from racism and socioeconomic disadvantages leads to worse health

32 outcomes.[13]
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35 Appraisal

38 Most studies were rated as "good" (14/15 studies), while one was rated as "fair." Despite this, we
were able to highlight the methodological shortcomings of some of the studies, such as the

43 failure to assess the exposure more than once over time, the inability to demonstrate that

45 exposure was measured before outcome measurement, or not adjusting models to include

potential confounders. Additionally, some studies failed to provide sample size justification or

N
O
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50 did not randomly select cases or controls from the eligible study population, posing bias risks.

53 We identified additional shortcomings in the available evidence. Racial/ethnic misclassification

55 on administrative databases led to challenges with underreporting and further affected the
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selection of study participants. Given the small percentage of Native American births in the
United States, which is only 0.7%, minor errors in misclassification can significantly impact data
analysis.[50] Multiple studies in this review reported small sample sizes, making it difficult to
determine if a particular outcome was a true finding, possibly allowing for type II errors. Among
studies that included samples that were not fully Native American, most reported a Native
American sample size of < 1.4%. The limited research in these communities hinders the
identification of additional risk factors for morbidity and mortality specific to Native American
women.[51] The measurement of maternal morbidity and mortality varied across the studies.
This review used a broader definition of these outcomes, including conditions not listed by the
CDC as severe maternal morbidity. This approach aimed to provide a complete understanding of
the risk factors and health outcomes specific to Native American women. Lastly, relying heavily
on administrative data presents unique challenges in identifying risk factors not traditionally
included in these datasets, as their primary purpose may not align with the study's

hypothesis.[52]

Strengths and limitations

Our systematic review faced some limitations despite our use of an expansive search strategy
informed by other published reviews.[3,53] We were unable to translate all MesH terms into
indexed language for other databases. There is also a risk of publication bias and selective
reporting of significant findings in the studies. Using NIH's quality assessment tools, which are
not independently published nor standardized may introduce bias due to the qualitative nature of
the review. Despite this, other systematic reviews have built the evidence supporting the utility
and practicality of utilizing this tool. [3] Furthermore, the review revealed significant variation in

the risk factors and outcomes across different studies. This highlights the complexity and
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the literature, public health can better inform policy, enhance clinical practices, and ultimately

improve health outcomes for Native American mothers and their families.
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Individual and community level risk factors for maternal morbidity and mortality among Native American women

in the United States

c
S
L d

©
2
b=
L d

=

(7]
©

Screening

Studies from databases/registers (n = 8220)

A4

References removed (n = 357)
Duplicates identified manually (n = 0)
Duplicates identified by Covidence (n = 357)
Marked as ineligible by automation tools (n = 0)
Other reasons (n =)

Studies screened (n = 7863)

Studies excluded (n = 7718)

A4

Studies sought for retrieval (n = 145)

Studies not retrieved (n = 0)

A4

Studies assessed for eligibility (n = 145)

v

Studies excluded (n = 130)
Wrong setting (n = 22)
Wrong outcomes (n =11)
Wrong study design (n =9)
Wrong patient population (n = 41)
Wrong type of publication (n = 21)
Missing risk factor or exposure (n = 14)
Focus on neonatal or infant outcomes (n = 7)
Missing measure of association or effect (n = 5)

Studies included in review (n = 15)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘saiIfojouyoal Jejiwis pue ‘Buiurey | ‘Buluiw elep pue 1Xa1 01 pale|al sasn 1oj Buipnjoul ‘1ybliAdoo Aq paloalold

* (s3gv) Jnauadns juswaublasug

e


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Appendix 1. Search strategy by database

PubMed Search Strategy

#1 birth[tiab] OR labor[tiab] OR delivery[tiab] OR mothers[tiab] OR maternal[tiab] OR
"peripartum period"[mesh] OR peripartum[tiab] OR "labor, obstetric"[mesh] OR
"obstetric*"[mesh] OR "obstetric*"[tiab] OR "pregnancy"[mesh] OR "pregnan*"[tiab] OR
"perinatal"[tiab] OR "prenatal"[tiab] OR "parturition"[mesh] OR "parturition"[tiab]

#2 "tribal" OR "tribe" OR "first nations" OR "indigenous peoples"[mesh] OR indigenous OR
"health services, indigenous"[mesh] OR "american indians or alaska natives"[mesh] OR
"american indian*" OR "indians, north american"[mesh] OR "native American" OR "alaska
native"

#3 "severe maternal morbidity" OR "near miss" OR "adverse maternal outcomes" OR "maternal
mortality" OR "Near Miss, Healthcare"[Mesh] OR "Pregnancy/Adverse Effects"[Mesh] OR
"Pregnancy/Injuries"[Mesh] OR "Pregnancy/Mortality"[Mesh] OR
"Pregnancy/complications"[Mesh] OR "Obstetric Labor Complications"[Mesh] OR "Delivery,
Obstetric/adverse effects"[Mesh] OR "Delivery, Obstetric/complications"[Mesh] OR "Delivery,
Obstetric/mortality"[Mesh] OR "Maternal Mortality"[Mesh] OR "mortality"[mesh] OR
"morbidity"[mesh] OR "pregnancy complications" OR mortality OR morbidity OR "labor
complications" OR "delivery complications"

#4 Search (#1 AND #2 AND #3)

EMBASE Search Strategy

('delivery:ab,ti' OR 'birth:ab,ti' OR 'labor:ab,ti' OR 'mothers':ab,ti OR 'maternal’:ab,ti OR
'peripartum':ab,ti OR 'obstetric':ab,ti OR 'pregnancy':ab,ti OR 'perinatal’:ab,ti OR 'prenatal’:ab,ti
OR 'parturition’:ab,ti OR 'perinatal period'/exp OR 'labor'/exp OR 'pregnancy'/exp OR 'birth'/exp)

AND

(tribe OR 'indian health service' OR indigenous OR tribal OR 'first nations' OR 'american indian'
OR 'native american' OR 'alaska native' OR 'indigenous people'/exp OR 'indigenous health
care'/exp OR 'american indian'/exp)

AND

(‘'severe maternal morbidity' OR 'adverse maternal outcomes' OR 'maternal mortality' OR
'pregnancy complications' OR "mortality’ OR 'morbidity' OR 'labor complications' OR 'delivery
complications' OR 'near miss (health care)'/exp OR 'near miss' OR 'pregnancy complication'/exp
OR 'maternal mortality'/exp OR 'labor complication'/exp OR 'maternal outcome'/exp OR
'delivery complications'/exp OR 'maternal morbidity'/exp OR "'morbidity'/exp OR 'mortality'/exp)
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v9)
=
1 @)
2 g
2 CINAHL Search Strategy =
5 ((TT delivery OR AB delivery) OR (TI birth OR AB birth) OR (TI labor OR AB labor) OR (TI é’
6 mothers OR AB mothers) OR (TI maternal OR AB maternal) OR (TI peripartum OR AB =2
7 peripartum) OR (T obstetrics OR AB obstetrics) OR (TI pregnancy OR AB pregnancy) OR (TI %
8 perinatal OR AB perinatal) OR (TI prenatal OR AB prenatal) OR (TI parturition OR AB ;
?O parturition) OR (TI delivery OR AB delivery) OR MM "Perinatal Period" OR MM "Obstetric 5 B
1 Patients" OR MM "Delivery, Obstetric+" OR MM "Pregnancy+" OR MM "Labor+" OR MM s B
12 "Obstetrics+"' OR MM "Childbirth+") 2 9
13 8 3
14 AND g 3
15 g8 5
16 (tribe OR "indian health service" OR Indigenous OR "native american" OR "american indian" 2N
17 OR Tribal OR "first nations people" OR "alaska native" OR MM "Indigenous Peoples+" OR é R
12 MM "Health Services, Indigenous" OR MM "Native Americans+") ; %
[¢]
20 AND s S
2 El
22 ("severe maternal morbidity" OR "near miss" OR "pregnancy complications" OR "obstetric g =
;i complications" OR mortality OR morbidity OR "maternal mortality" OR "maternal morbidity" = m%
25 OR "delivery complications" OR MM "near-death experiences" OR MM "maternal mortality" % § 3
26 OR MM "obstetric emergencies" OR MM "Pregnancy Complications+" OR MM "labor ek
;é complications" OR MM "maternal mortality" OR MM "morbidity+" OR MM "mortality+") g% %
@
29 SCOPUS Search Strategy é czg
30 ( "severe maternal morbidity" OR "near miss" OR "pregnancy complications" OR mortality gg 2
g; OR morbidity OR "labor complications" OR "delivery complications" OR "maternal oy g%
33 mortality" OR "maternal morbidity" OR "obstetric complications" ) 8s<
WS
e AND =5
Q- =
g? (indigenous OR "native american" OR "american indian" OR tribal OR "alaska native" OR > T:?_
38 "first nations" OR tribe OR "indian health service" ) 5 3
%0 AND z
Q
ph ( TITLE-ABS ( mother ) OR TITLE-ABS ( maternal ) OR TITLE-ABS ( peripartum ) OR 2 2
43 TITLE-ABS ( obstetric ) OR TITLE-ABS ( pregnancy ) OR TITLE-ABS ( perinatal ) OR 3 S
44 TITLE-ABS ( prenatal ) OR TITLE-ABS ( parturition ) OR TITLE-ABS ( labor ) OR 2 §
22 TITLE-ABS ( birth ) OR TITLE-ABS ( delivery )) g £
47 é 2
4 Q N
50 2
51 P
52 o)
53 ®
54 g
55 =
56 <
57 3
58 é
59 @
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Risk Factor

Body mass index
Age

Maternal race
Parity

Maternal residence
Gene expressions
Tobacco use

Birth primary payer
type

Magnesium Sulfate use
Inpatient induction
Augmentation
Birthweight

Physical health/
chronic health status

Gestational diabetes
Behavioral health
status (depression or
substance use disorder)
Indian Health Service
region

Gravidity

Routine aspirin use
Prior uterine incision or
vaginal birth after
cesarean

Macrosomia
Antepartum Bleeding
Previous PPH

Length of labor
Oxytocin use
Chorioamnionitis
Retained placenta

No. of Studies
Examining Each
Outcome*

e H

5
4
3 1
3
2 1
3
2
1
1
1
1
4 8

BMJ Open

—

— = NN

—_— e e e

Appendix 2. Risk Factors and Outcomes by Volume of Studies

Outcome*

1 1
1 1
2 1

1
1

— . =N

= =N

No. of Studies
Examining
Each Risk

Factor®

— N W W L L N

—_—— N DN

= — = — B — B

15

*Severe maternal morbidity and mortality (SMMM), hypertensive disorders of pregnancy (HDP), blood
transfusion (BT), postpartum hemorrhage (PPH), disseminated intravascular coagulation (DIC), hysterectomy

(Hyst), ectopic pregnancy (EP), uterine atony (UA), and placental abruption (PA), blank cells represent no studies

found. T The HDP category includes pre-eclampsia, severe pre-eclampsia, gestational hypertension, and
hypertensive disorders of pregnancy. o Row and column figures do not represent totals since a study can include
multiple risk factors or outcomes.
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Appendix 3. Table of included studies

Study
#

1178

Authors

Cameron,
N etal.

Year

2022

Locatio
n

Cross Nationw
Sectional ide

Sample
Size, Data
Source

51,685,525
all live
births in
the US to
individuals
aged 15-44
years, birth
vital
records

BMJ Open

Native
American
subsample
size

(% of total
sample)

492,771
(9.3%)

Risk
Factor
(Social
ecological
level)

Maternal
residence

©

Outcome(s)

Pregnancy
induced
hypertension

Adoo Aq pa1o

Covariaizs

None

* (s3gv) Jnsuadng 1us

"saifojouyoal Jejiwis pue ‘Buiure) |y ‘Buiuiw elep pue 1xa) 0]

Quality
Rating

Key Findings ([95%
Confidence Intervals]
unless otherwise
stated

-The incidence of
hypertensive disorders
of pregnancy differed
by racial and ethnic
identity within both
rural and urban areas.
The highest age-
adjusted incidence of
hypertensive disorders
of pregnancy was
observed among
individuals who
identify as American
Indian/ Alaskan Native.

-Significant increase in
the incidence of
hypertension disorders
of pregnancy among
Native American
women in rural areas
compared to those in
urban areas in 2007 and
2014 (2017 RR=1.21,
[1.11-1.33] and 2014
RR=1.17,[1.08-1.13])

-No significant increase
in the incidence of
hypertension disorders
of pregnancy among
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-No significant
associations were
observed between
smokeless tobacco use
and gestational
hypertension (aOR
0.93, [0.42-2.03).
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s P women living in rural
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L et al. Control ge, AK singleton (100%) smokeless associated pregnanés (r%n 5 associations were
deliveries tobacco use | hypertension, BMI, g. 3 observed between
from 1997- (D) and pre- maternal® 3 5 smokeless tobacco use
2005 to AN continuous eclampsia, age (_BD § and pregnancy-
women cigarette and =b associated hypertension
residing in smoking (I) | gestational z g (aOR 0.92, [0.56—
western hypertension }3 = 1.51]).
Alaska, P _
hospital =i -No S}gr'nﬁcant
et >E associations were
ive m 5 observed between
database / =z smokeless tobacco use
503 cases i and pre-eclampsia (aOR
and 502 E 0.90, [0.52-1.56]).
controls D
D
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N
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C
D
B
D
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5
D
N
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-No significant
associations were
observed between
continuous cigarette
smoking and
pregnancy-associated
hypertension (aOR
0.65, [0.31-1.37]).

-No significant
associations were
observed between
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9 Sm 2 continuous cigarette
Bok king and gestational
10 @ @ :; smoking and gestationa
11 oo P hypertension (aOR
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23R
13 =0 P
14 8141 | Zamora- 2016 | Cohort Washin | 71,080 7,189 Maternal Pre-eclampsia | Birth ye@:{,; 5 Good -AI/ANs had an
15 Kapoor, A gton singleton (10.1%) race (I), maternal;}% §_ increased risk of pre-
16 et al. State live births BMI (I) age, a3z eclampsia compared to
17 from 2003- educatiogaF E Whites after controlling
18 2013 to attainmeﬁtg e for all covariates except
19 Whit and marital 3. m D BMI (OR 1.17 [1.06—
20 AI/AN status, S F 1.29]). After further
21 women, Medicaic)]> id adjustment for BMI, the
22 linked insurancg, ¥ racial disparity in pre-
23 s E parity in p
birth- wIC 2 F eclampsia risk was
] .
;g hospital participgo § greatly attenuated (aOR
2% discharge n, prenatgl & 1.05,0.95-1.16]).
records smokingg .
27 BMI ¢ & -AI/ANs who were
2. D .
28 3 B underweight (OR 1.39,
29 g 8 [0.64-3.02]), normal
30 T ¢ weight (OR 1.02, [0.83-
31 = f 1.22]), overweight (OR
32 S N 1.23,0.93, 1.36]), or
33 S 8 obese (OR 1.00, [0.86,
34 @ Y 1.17]) generally had
g 2 C relative risks of pre-
37 ® eclampsia comparable,
38 E or slightly (but not
39 - statistically
40 2 significantly) greater
41 & than those of their
42 R White counterparts.
D
43 5
c
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et al. ide singleton (1.10%) use during induced care = § induced hypertension
births pregnancy hypertension adequacy % was greater in non-
between D, (inclusive of weight g 3 Hispanic American
20-44 maternal pre-eclampsia | gain, = & Indian women 35 years
weeks age (I) and parity, % 3 or older who smoked
gestation eclampsia) diabetesS & during pregnancy (aOR
without marital E = 1.29, [0.88-1.89]).
major fetal status, @ M 5
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file preeclang@ £ Indian women younger
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facilities governmsn £ greater among NH
from 2018- thealtha AI/AN women (aRR
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administrat abuse, ‘é 2 Hawaiian/Other Pacific
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alcohol u;se 5 race/ethnicities (aRR
s P 5.88, [1.30-36.51]).
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835 Best, L et 2012 | Case Belcourt | 299 women | 299 (100%) | Age at Pre-eclampsia | Nulliparffy, E" Good -Age at delivery (aOR
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43 2012-2015, D), any and : and ethnic minatory
44 5
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. . . 5 .
National behavioral hospital 8 category compared with
Inpatient health region. § deliveries among non-
Sample condition ' Hispanic white women.
(1), multiple .
chronic -American
conditions Indian/Alaska Native
0 women are at increased
ma’ternal risk of severe maternal
race (1) morbidity compared to
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non-Hispanic white
women (aRR 1.5, [1.3-
1.7]) . This is not
significant when blood
transfusions are not
included in severe
maternal morbidity
(aRR 0.90, [0.68-1.2]).

-Among deliveries to
women with comorbid
physical and behavioral
health conditions,
significant differences
in severe maternal
morbidity were
identified among racial
and ethnic minority
compared with non-
Hispanic white women
and the largest
disparities were
identified among
women with multiple
chronic conditions.

-In comparing
deliveries among
American
Indian/Alaskan Native
women with non-
Hispanic white women,
the rate difference for
severe maternal
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o b e
1 s b morbidity incidence
S 6 .
2 s P increased from 66.6
3 E ;30 [95% C139.9-93.3] to
4 = R 101.3[95% CI -41.0-
5 = 6 243.5] per 10,000
6 % 2 delivery
7 a B hospitalizations,
8 E = respectively, in
9 o m 5 comparing deliveries in
10 28 : which no and multiple
11 e chronic conditions were
o) N . .
12 238 identified.
13 =3 .
14 = "m’ D -American
15 “SE Indian/Alaskan Native
16 52F women compared to
Qo P . . .
17 acp non-Hispanic white
18 %’; = women are at increased
19 39 g risk for severe maternal
20 =2r morbidity when any
21 e F physical health
22 § S condition is present
23 S § (aRR 1.5, [1.3-1.7]),
24 S - any behavioral health
25 b . condition is present
26 ”a’ B (aRR 1.2, [0.90-1.6]),
27 o 8 and having multiple (2
28 3 B or more) chronic
29 g 8 conditions (aRR 1.4,
30 g L [0.93-2.20]).
33 3421 Interrante, | 2022 | Cross Nationw | 6,357,796 43,929 Primary SMM and Maternag j Good -Rural Indigenous
34 Jetal. Sectional | ide maternal (0.691%) payer type Mortality race and®’ ?-’. Medicaid-funded births
35 records D, (SMMM) ethnicity, & had the highest adjusted
from maternal maternal > redicted rate of
36 p
37 childbirth residence residence, c; SMMM (224.9 per
38 hospitalizat (©), maternal b 10,000 births, [187.0-
39 ions from maternal age, ; 262.9]).
40 2007-2015, race (I) childbirth & :
41 N el year, <_§ —Among rura} residents,
42 Inpatient bottom  © births by Indigenous
43 Sample quartile of & gfg‘ple had t'he gtreatest
44 3 ifferences in rates
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could be decreased to
the risk among the
privately insured), this
would not only prevent
the 23 cases per 10,000
births that occur among
white urban residents,
but an additional 98

(@] o)
o ©
BMJ Open o 3
T ©
< ©
. S b ..
1ncome,-8 L between Medicaid-
hospital =- § funded and privately
region, = ;:O insured births (aRD,
cesareang' 3 97.8, [50.4—145.3]).
birth, = 8 »
substan Cg- 3 -When examining the
use e B intersection of rurality
disord er§ > and race and ethnicity,
e P births among
depresmg{pl'bﬂ 3 )
HIVor © 2 §- Indigenous rural
AIDS oo P residents had significant
pulmo’na%é N additive interaction,
hypertergi & N with 40% (aAP 0.40,
on =P [0.11-0.69]) of SMMM
9 b ; . .
systemi c;'(% 3 cases in that population
lupus 2= owing tf) the
erythem c E Interaction.
sus, g = 3 -When examining the
chronic = 1 8 intersection of urban
k¥dney @ - _g, status and race and
dlseas.e, > £ ethnicity, births among
chronic 5 3 Indigenous urban
heart 5 £ residents did not have
d%sease,qg D an additive interaction
AELEES 3 (aAP 0.06, [-0.20-
chronic & § 0.32])
o D ° °
hyperter§1 b
on, and = ii -If the excess risk of
chronic 5 P SMMM associated with
respirato%/ 3 Medicaid could be
disease 3 Z mitigated (i.e., if the
S L risk of SMMM among
o § Medicaid-funded births
R
>
o}
D
D
D
D
o
=2
3
o}
Y
D
=3
B

la

cases per 10,000 births
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< 3
1 é { among Indigenous rural
b = residents.
3 =&
4 952 Booker, W | 2018 | Cohort Nationw | 1,724,694 7,107 Maternal SMM, SMM Year, beg E Good -The incidence of SMM
5 et al. ide delivery (0.412%) race (I) excluding size, § ;’ was greater among
6 hospitalizat blood insurancg @ Native American
7 ions from transfusions status, 3z 2 women but not
8 women hospital = ¢ significant compared to
9 aged 40-54 location,‘é %1 5 Non-Hispanic white
10 years income z g. 3 women (aRR 1.08,
1 between quartile,8 3 [ [0.93-1.25)).
12 1998-2014, hospital 8.3 3 .
13 National region, © 3 s -Risk for severe
14 Inpatient hospital § 0§ morbidity excluding
15 Sample tea chinggg 5 transfusion among
16 status, ala 31 Native Americans is not
17 race -8 demonstrated because

-~ .
18 o é; =) of small denominators.
19 3me
;? 4010 Kozhiman | 2020 | Cross Nationw | 7,561,729 101,943 maternal SMMM, Age, EV_E, Good -The incidence of
2 nil, K et Sectional | ide hospital (1.35%) residence SMMM insurancg £ SMMM was greater
23 al. live births (O), excluding payer, g 37 among indigenous
>4 from white maternal blood income, 5§ women compared with
95 and race (I) transfusion hospitalg_‘:’ Y white women (aRR 1.8,
2% indigenous region 2 %’ [1.6-2.0]).
27 women e T - .
28 et ‘é b -Within each racial
29 2012-2015 = e group, incidence of
30 National ’ = 3 SMMM was higher
31 Inpatient § g' among rural compared
37 Sample 3 Z with urban residents
33 S L (2.3% for rural
34 o 3 indigenous women vs
35 : g 1.8% for urban
36 b indigenous women) (a
37 B RR 1.3, [1.0—1.6]);.
38 Y (1.3% for rural white
39 o women vs 1.2% for

D o

40 3 urban white women)
41 | (aRR 1.1, [1.1-1.2]).
42 ® o
43 £ -Within indigenous
44 3 women, the incidence
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Maternal & §

of SMM (excluding
transfusions) among
rural compared to urban
residents was not
significant (aRR 0.7,
[0.4-1.0)].

3421 Interrante, | 2022 | Cross Nationw | 6,357,796 43,929 Primary Blood b Good -Rural residents had
Jetal Sectional | ide maternal (0.691%) payer type transfusions race and% 2 ) greater odds of blood
records D, ethnicity> (_BD N transfusion for both
from maternal matema]% i D Medicaid-funded (aOR
childbirth residence residenc S £ 1.15,[1.06-1.25]) and
hospitalizat (©), maternalS © § privately insured (aOR
ions from maternal age, Zg : 1.20,[1.11-1.31])
2007-2015, race (I) childbirt&;; ’ hospital births
National year, 33§ compared to urban
Inpatient bottom g@ ¥ residents.
Sample quartile &f" £ o
income, 2 E -Medicaid-funded (aOR
hospital S B 1.71,[1.39-2.11]) and
region, s b privately insured
cesarcar® hospital (aOR 1.42,
birth, 3 2 [1.05-1.92]) indigenous
substan cg' ' births had the second
use 3 § highest odds of blood
disord eri N transfusions compared
depressi@, i to other racial/ethnic
HIVor 2 B groups. This yielded an
AIDS, % additive interaction p-
pulmoné%/ S value of 0.006.
hyperten$i
on, y
systemic D
lupus b
erythemato ...
sus, &
chronic 8
kidney P
disease, 2
chronic -
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1 heart S
. < 6
5 disease, 2
3 diabetesZ
4 chronic g :
5 hypertergl P
6 on,and 5 F
7 chronic ‘g 5
8 resplratogy E
9 disease g M p
10 %
n 4010 Kozhiman | 2020 | Cross Nationw | 7,561,729 101,943 maternal Blood Age, g‘(gb Good -The incidence of blood
12 nil, K et Sectional | ide hospital (1.35%) residence transfusions insurancgg s transfusions was greater
13 al. live births (©), payer, § 25 among indigenous
14 from white maternal income, g oe women compared with
12 and race (I) hospital 2 8 2 white women (aRR 1.8,
17 indigenous region g o [1.5-2.0]).
18 women 26 ..
o between ; % g -The 1:lrllc.ldence of bloo?
20 2012-2015, 3. m P Frarfs S10n among rura
National E g indigenous women
;; Inpatient :2 P f:orppared to urban
Sample = 1nd1.ge.nous women was
23 2 F statistically greater
24 5 % (aRR 1.6, [1.2-2.0]).
25 Q P
26 2—=5
27
28 =
29 1331 Chaloubhi, 2015 | Cohort Gallup, 1,062 751 Maternal Postpartum None & P Good -A significantly higher
30 S etal NM women (70.7%) race (I), age | hemorrhage @' proportion of Native
31 who (D), parity 3 ¥ Americans than non-
32 delivered D, % native women
33 vaginally at gravidity e 8 developed PPH (11.6%
34 the ), o vs 7.0%, [p=0.02]).
35 Rehoboth birthweight i o
36 McKinley (1), retained ': -In .m1'11t1var1ab!e
37 Hospital, placenta (T), 5 logistic regression
38 medical magnesium P analysis, the significant
39 records sulfate use £ predictors of PPH were
40 ) 3 Native American ethnic
:; induction . origin (OR 1.8, [1.1-
43 augmentatl 3 ;r(a)tll)l,dilt(;c roefat?:\;i/er than
44 on (I), 5
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S 3
chorioamni 2 8 5(OR 1.2, [1.1-1.4]),
onitis (I) = § increased birth weight
= ;% greater than 4500 grams
5 3 (OR 1.1, [1.0-1.0]),
c 8 retained placenta (OR
S 8 51.0, [9.8-288.2]), and
a B use of magnesium
= ¥ sulfate (OR 3.5, [1.4-
<§ %’1 E 9.0]).
Ba®
2944 Hadley, M | 2021 | Case Anchora | 384 384 (100%) | BMI (D), Postpartum Not ) = |, Fair -In the bivariate
et al Control ge, AK deliveries hemorrhage reportedg 3B analysis, the following
between anteptalrtum S % ; risk factors were
2018-2019 bleedmg § np significantly associated
at the (D), routine 58 E with a higher likelihood
Alaska aspirn used o E' 3 of postpartum
Native prescr'lbed § ~8 hemorrhage: BMI of 40
Medical , prior g 5 3 or more (OR 2.6, [1.4-
Center, AT SHhE 4.5]), antepartum
medical Icision @, 3. B bleeding (OR 6.3, [1.2-
records / prior )_> -Oi 31.6]), previous
128 cases 1.1te?1r.1e = 37 postpartum hemorrhage
and 256 incision ] (OR 5.0, [2.6-9.8]),
controls anq vaginal 3 P suspected macrosomia
deh.very O, g g with estimated fetal
parity (D), : : N weight of 4000 g or
Macrosomi 3 B more (OR 2.7, [1.4-
a,pre- s & 5.3]), pre-eclampsia
ec.lamps1a % i with severe features and
without S 5 use of magnesium
SIS 5 E. sulfate during labor
features R (OR 4.7, [2.49.2],
with : 3 & length of third stage
magnesium =1 labor longer than 20
sulfate E min (OR 2.2, [1.1-4.4]),
during 5 and use of oxytocin for
labor (D), : more than 12 h (OR 5.0,
pre- o [2.3-10.6]).
eclampsia 3
with severe e -Residence in a rural
features 113; community (OR 2.2,
and use of & [1.4-3.6]) and vitamin
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magnesium
sulfate (I),
previous
postpartum
hemorrhage
(D), length
of 2nd
stage of
labor (1),
length of
3rd stage of
labor (I),
rural
residence
(C), and
oxytocin
(I), and
inpatient
induction
length (I)
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D supplementation (OR
1.7, [1.1-2.6]) were also
significantly associated
with postpartum
hemorrhage.

-Multivariate condition
logistic regression
analyses found that
antepartum bleeding
(OR 8.8, [1.6-48.5]) ,
pre-eclampsia with
severe features and use
of magnesium sulfate
(OR 5.3, [2.4-11.9]),
previous postpartum
hemorrhage (OR 2.7,
[1.2-6.1]), third stage of
labor of 20min or more
(OR 2.9, [1.2-6.9]),
rural residence (OR 2.0,
[1.2-3.5]), fetal
macrosomia (OR 4.0,
[2.1-7.5]), and oxytocin
use for more than 12h
(OR 3.0, [1.1-8.0]) all
remained significantly
associated with an
increased risk of
hemorrhage in Native
American women.

-Routine aspirin use
(OR 1.7, [0.9-3.4]),
prior uterine incision
(OR 1.0, [0.52-2.1]),
prior uterine incision
and vaginal delivery
(OR 1.6, [0.58-4.4]), a
parity of 5 or more (OR
1.8, [0.87-3.9]), pre-
eclampsia without
severe features without

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

|8p



http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Page 56 of 62

pue 1xa] 01 pale|al sasn o) Buipnjoul ‘ybliAdoq Agq palo

11adns juawaublasug

e dolug/g

use of magnesium
sulfate (OR 2.1, [0.98-
4.4]), length of second
stage of labor grater or
equal to 1 hour (OR 1.6,
[0.88-3.0]), and an
inpatient induction
length of greater or
equal to 36 hours (OR
2.3,[0.4-12.8]) were
not significantly
associated with a higher
likelihood of
postpartum
hemorrhage.

1331 Chalouhi, 2015 | Cohort Gallup, 1,062 751 Maternal Uterine atony | None gi’l . Good -Uterine atony was
Setal NM women (70.7%) race (I), age Q-5 recorded in a
who D), parity P = significantly higher
delivered D, E_ . proportion of Native
vaginally at gravidity g E Americans than non-
the D, e 7 native patients (9.6% vs
Rehoboth birthweight ] B 4.8%; [p=0.01]).
McKinley (I), retained v B o )
Hospital, placenta (1), 3 E -In umvarlat'e a.lnalysm,
medical magnesium ) P factgrs predicting
records sulfate use § ute.rme atony were
(D), Z ¥ native race (p=Q.Q 1),
induction % decreasmg grav1F11ty
augmentati c%_ S (p=0.02), 1pduct10n
on (), o 'flugmer}tatlo.n (p:O.. 1),
chorioamni : increasing birthweight
onitis (I) (p=0.07), and -
: chorioamnionitis
P (p=0.08).
£ -In multivariable
2 logistic regression
: analysis, Native
3 American ethnic origin
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o b
: z 5, .(OR Z.Q, [1..173.7]). and
D) s P increasing birthweight
3 =z ;30 (OR 1.0, [1.0 1.0]) were
4 g E sign.iﬁcant predictors of
5 g :? uterine atony.
° =
7 1861 deRavello, | 2015 | Cross Nationw | 229,986 229,986 Maternal Ectopic None gz ’7°F air -The ectopic pregnancy
8 L etal Sectional | ide American (100%) age (I), IHS | pregnancy c © (EP) rate among AI/AN
9 Indian and region (C) § Ay g women was lowest in
10 Alaska 3 o, 3 the 15—19 years age
1 Native Q:% 5 group (5.5 EPs per
12 (AI/AN) 83 § 1,000 pregnancies) and
13 women § % b highest among 35-39
14 aged 15-44 oL year old (18.7 EPs per
12 yeal? %E- E— 1,000 pregnancies).
seeking oL
;
19 ndian = s, women aged 35-
20 Health ERY) 3: g/;a 5> WOIIE ggjt.
- Service Eg - yeell.rli Vlvef[e h. imes
- (IHS), Z EP (RR 3.4, [290
23 Tribal, and g B p 03( C 4, [2. d-
" urban 5§ .03]). Compared to
%5 Indian 8 p AI/AN women aged 15-
% health 3 5- llgiyears, th‘j1 rls.khof an
27 facilities : T Increased with age
28 during = 5 from 1.56-3.42, except
29 2002-2009, = b in women aged 40-44
30 Indian % P years were the risk was
31 Health SENE less at 2.62 times (RR
37 Service 3 P 2.62,[2.02-3.36]).
33 Nat'ional ‘:SD- 5 -EP rates varied by
;g fl?tf(l)?;:atio @ § geographic region,
. iy ranging between 6.9
36 n Reporting @ and 24.4 per 1,000
37 System 3 pregnancies in the
ig 5 Northern Plains East
0 = and the East region,
41 q% respectively.
5]
42 ¥ -Compared to AI/AN
ji £ women who received
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§ ; care in the Northern
e P Plains East region,
8 women who received
5 8 care in the East region
z 8B were 3.55 times more
% 5 likely to have an EP
“61 3 (RR 3.55, [2.75-4.57)),
= ? in the Alaska region the
oMb risk was 2.17 times (RR
D 2.17, [1.73-2.72]), in
%‘:_:s' E the .Southerr.l plains
0] ('BD § region the risk was 1.56
S5 times (RR 1.57, [1.25-
§ (Fé; S 1.95]), in the West
o3 b region the risk was 1.39
a5 b times (RR 1.39, [1.09-
gi E 1.77]), in the Norther
o 5 3 Plains West region the
g- ms risk was 1.36 times
2B (1.36, [1.08-1.71]), and
> "i in the Southwest region
= 37 the risk was lowest at
2 ;g 1.33 times (RR 1.33,
; P [1.07-1.65]).
%J_ E_ -We found relatively
o B stable annual rates of
3 B EP among AI/AN
g 8 women receiving care
T & at IHS-affiliated
3 B facilities during 2002—
s p 2009, but considerable
«Q N . .
5 8 variation by age group
@ ;" and geographic region.
2230 England, 2013 | Case Anchora | 1,123 1,123 Continuous | Placental Parity, pre- Gg Good -Thirty-nine percent of
Letal. Control ge, AK singleton (100%) smokeless abruption, pregnancy § case deliveries were
deliveries tobacco use | placental BM]I, 352 also preterm (compared
from 1997- (D) and abruption maternal 3 with 7% of controls,
2005 to AN continuous expanded age € [p<0.001]), and 9.8%
women cigarette definition '113; were also complicated
residing in smoking (I) £ by pregnancy
D
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< ©
1 western § 3, associated hypertension
5 Alaska, a § (compared with 7% of
3 hospital E ;:O controls. [p=0.38]).
4 administrat 5 £
5 ive S & -There were no
6 database % D significant associations
7 e P between placental
8 s b abruption and
9 & m g continuous smokeless
10 ? § 8 tobacco use (aOR 1.11,
11 oo P [0.53-2.33] and

QS . .
12 =3 o N continuous cigarette
13 gg N smoking (aOR 1.19,
14 5(:1; g [0.43-3.29).
12 gg - -An expanded

2o R definition of abruption
17 ot p . .

L6 did not change this
18 D > n findi
19 3§ inding. There were no
20 = @ B significant associations
21 B . _;’T. between continuous
22 > £ smokeless tobacco use
23 = § (OR 1.07, [0.63-1.83])
>4 5 8 or continuous cigarette
25 a B smoking (aOR 1.04,
e 2 E [0.48-2.23]).
27 .
28 3 3
29 ) o
30 g <
31 % =
32 o :,
33 S 3
34 &
35 ')
36 &
37 g
38 ®

v9)
39 >
40 5
41 <
42 S
43 &
c

44 ®
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4010 Kozhiman | 2020 | Cross Nationw | 7,561,729 101,943 maternal Disseminated Age, § 3, Good DIC
nil, K et Sectional | ide hospital (1.35%) residence intravascular insurancg- § o
al. live births (©), coagulation payer, = & -The incidence of DIC
from white maternal (DIC), income, 5 was greater but not
c (o]
and race (C) hysterectomy | hospital = §1g1}1ﬁcant among
indigenous region indigenous woman
women compared with white
between women (1.6% vs 0.9%,
2012-2015 respectively) (aRR 1.1,
National [0.8-1.5]).
Inpatient -Within indigenous
Sample women, there was no
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difference between
rural women and urban
women (0.2% vs 0.2%,
respectively) (aRR 0.8,
[0.3-1.3]).

Hysterectomy

-The incidence of a
hysterectomy was
greater among
indigenous woman
compared with white
women (0.1% vs 0.1%,
respectively) (aRR 1.8,
[1.0-2.6]).

-Within indigenous
women, there was a
marginal increased risk
but not significant of
hysterectomy among
rural women (aRR 1.3,
[0.3-2.3]).
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Appendix 4. Results of NIH quality assessments for included studies

For observational cohort and cross-sectional studies:

Hﬂ
Yes Yes Yes Yes No

ID# Authors Year

0) 1

Q7

119 Admon L, et al. 2018 Yes Yes NA Yes NA  Yes
952  Booker W, et al. 2018 Yes Yes Yes Yes Yes Yes Yes No Yes No Yes
1178 Cameron, N.etal. 2022 Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes
1331 Chalouhi, S.etal. 2015 Yes Yes Yes Yes Yes Yes Yes Yes Yes No  Yes
1371 Chang, J et al 2014 Yes Yes Yes Yes Yes Yes Yes Yes Yes No  Yes
1861 deRavello, L.etal. 2015 Yes Yes Yes Yes Yes No Yes Yes Yes Yes Yes
3421 |Interrante, J. etal. 2022 Yes Yes Yes Yes Yes No Yes Yes Yes No Yes
4010 Kozhimannil, Ket 2020 Yes Yes Yes Yes No Yes Yes NA Yes NA  Yes
al.
7372 Tiwari, R. et al 2021 Yes Yes Yes Yes Yes Yes Yes Yes Yes No  Yes
8141 Zamora-Kapoor 2016 Yes Yes Yes Yes Yes Yes Yes Yes Yes No  Yes

A., etal

A study will be rated as “Good” if it receives a “Yes" response for >80% of the applicable NIH critical appraisal questions,

<50%.

Quality of included studies was assessed using the National Institutes of Health (NIH) Quality Assessment tool for Observational

Studies (https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools).
Q1. Was the research question or objective in this paper clearly stated?

Q2. Was the study population clearly specified and defined?

Q3. Was the participation rate of eligible persons at least 50%?
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%
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93%

83%
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100%

83%
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86%

Rating

Good

Good
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Good
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Q4. Were all the subjects selected or recruited from the same or similar populations (including the same time period)? Were in
being in the study prespecified and applied uniformly to all participants?

Q5. Was a sample size justification, power description, or variance and effect estimates provided?

Q6. For the analyses in this paper, were the exposure(s) of interest measured prior to the outcome(s) being measured?

Q7. Was the timeframe sufficient so that one could reasonably expect to see an association between exposure and outcome if 1€ex1§ed‘7

Q8. For exposures that can vary in amount or level, did the study examine different levels of the exposure as related to the outct)m&(e g., categories of exposure,

Ulo

lus@n and exclusion criteria for
w

6u!pn|o
¢ uo 08

or exposure measured as continuous variable)? 33 3
Q9. Were the exposure measures (independent variables) clearly defined, valid, reliable, and implemented consistently across a]&%dy participants?
Q10. Was the exposure(s) assessed more than once over time? 23 N

=< )

Q11. Were the outcome measures (dependent variables) clearly defined, valid, reliable, and implemented consistently across a
Q12. Were the outcome assessors blinded to the exposure status of participants?

Q13. Was loss to follow-up after baseline 20% or less?

Q14. Were key potential confounding variables measured and adjusted statistically for their impact on the relationship betwee

Rly participants?

e 1X3l 0

sure(s) and outcome(s)?
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3 For case-control studies: I
4 3
5 Yes % Rating
6
7 835 | Best, L. etal 2012 | Yes | Yes | No | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes f es® 92% | Good
8 = f-:
9 836 | Best, L. et al. 2012 | Yes | Yes | No | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes ‘%’@ E 92% Good
10 -0
11 837 | Best, L etal. 2013 | Yes | Yes | No | Yes | Yes | Yes | No | Yes | Yes | Yes Yes ¥&% 83% | Good
— N
12 Tol
13 2230 | England L, etal | 2013 | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes | Yes Y@% Y 100% | Good
o>
—~
1: 2944 | Hadley, Metal | 2021 | Yes | Yes | Yes | Yes | Yes | Yes  No | No | Yes | Yes | No | ¥&S 75% Fair
v e
16 A study will be rated as “Good” if it receives a “Yes" response for >80% of the applicable NIH critical appraisal questions, “Faig: for 50%-79%, and “Poor” for
17 <50%. S Sao
18 555
19 2ms
20 Quality of included studies was assessed using the National Institutes of Health (NIH) Quality Assessment of Case-Control Stgd =y
21 (https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools): < =]
22 Q1. Was the research question or objective in this paper clearly stated and appropriate? ; =
23 Q2. Was the study population clearly specified and defined? o %.
24 Q3. Did the authors include a sample size justification? g °
25 Q4. Were controls selected or recruited from the same or similar population that gave rise to the cases (including the same tinf@fralgi_e)?
26 Q5. Were the definitions, inclusion and exclusion criteria, algorithms or processes used to identify or select cases and controls%al@ reliable, and implemented
27 consistently across all study participants? w g
28 Q6. Were the cases clearly defined and differentiated from controls? 3 3
29 Q7. If less than 100 percent of eligible cases and/or controls were selected for the study, were the cases and/or controls randorfly s€lected from those eligible?
30 Q8. Was there use of concurrent controls? § o
31 Q9. Were the investigators able to confirm that the exposure/risk occurred prior to the development of the condition or event tBat dgfined a participant as a case?
32 Q10. Were the measures of exposure/risk clearly defined, valid, reliable, and implemented consistently (including the same tirﬁe period) across all study
33 participants? e B8
: D
34 QI11. Were the assessors of exposure/risk blinded to the case or control status of participants? @ g
35 QI2. Were key potential confounding variables measured and adjusted statistically in the analyses? If matching was used, did the iffvestigators account for
g? matching during study analysis? 3
]
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i g Q, question; CD, cannot be determined; NA, not applicable; NR, not reported S
o
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43 Q
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