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Abstract

IMPORTANCE Severe maternal morbidity and mortality are important indicators of maternal health.
Pregnancy rates are increasing in women with disabilities, but their risk of severe maternal morbidity
and mortality is unknown, despite their significant social and health disparities.

OBJECTIVE To determine the risk of severe maternal morbidity or mortality among women with a
physical, sensory, or intellectual/developmental disability compared with women without
disabilities.

DESIGN, SETTING, AND PARTICIPANTS This population-based cohort study used linked health
administrative data in Ontario, Canada, from 2003 to 2018. The cohort included all singleton births
to women with preexisting physical, sensory, and intellectual/developmental disabilities as well as
with 2 disabilities or more compared with women without a disability. Data analysis was conducted
from September 2019 to September 2020.

EXPOSURES Disabilities were identified with published algorithms applied to diagnoses in 2
physician visits or more or at least 1 emergency department visit or hospitalization.

MAIN OUTCOMES AND MEASURES Severe maternal morbidity (a validated composite of 40
diagnostic and procedural indicators) or all-cause maternal mortality, arising between conception
and 42 days post partum. Relative risks were adjusted for maternal age, parity, income quintile,
rurality, chronic medical conditions, mental illness, and substance use disorders.

RESULTS The cohort comprised women with physical disabilities (144 972 women; mean [SD] age,
29.8 [5.6] years), sensory disabilities (45 259 women; mean [SD] age, 29.1 [6.0] years), intellectual/
developmental disabilities (2227 women; mean [SD] age, 26.1[6.4] years), and 2 or more disabilities
(8883 women; mean [SD] age, 29.1 [6.1] years), and those without disabilities (1601363 women;
mean [SD] age, 29.6 [5.4] years). The rate of severe maternal morbidity or death was 1.7% (27 242
women) in women without a disability. Compared with these women, the risk of severe maternal
morbidity or death was higher in women with a physical disability (adjusted relative risk [aRR], 1.29;
95% Cl, 1.25-1.34), a sensory disability (aRR, 1.14; 95% Cl, 1.06-1.21), an intellectual/developmental
disability (aRR, 1.57; 95% Cl, 1.23-2.01), and 2 or more disabilities (aRR, 1.74; 95% Cl, 1.55-1.95). Similar
aRRs were observed for severe maternal morbidity or death arising in pregnancy, from birth to 42
days post partum, and from 43 to 365 days post partum. Women with disabilities were more likely
than those without disabilities to experience multiple severe maternal morbidity indicators. The most
prevalent indicators in all groups were intensive care unit admission, severe postpartum
hemorrhage, puerperal sepsis, and severe preeclampsia.
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Abstract (continued)

CONCLUSIONS AND RELEVANCE In this study, women with a preexisting disability were more
likely to experience severe maternal morbidity or mortality. Preconception and perinatal care
provisions should be considered among women with a disability to mitigate the risk of these rare but
serious outcomes.

JAMA Network Open. 2021;4(2):e2034993. doi:10.1001/jamanetworkopen.2020.34993

Introduction

Severe maternal morbidity and mortality are important indicators of maternal health. Maternal
mortality, defined as death in pregnancy or at less than 42 days after giving birth, can be a direct
result of obstetric complications or interventions or an indirect result of preexisting or new disease
aggravated by pregnancy."? Although maternal mortality is rare in industrialized countries, rates
since 1990 have increased in the United States (from 10.0 to 17.3 deaths per 100 000 births)? and
Canada (7.6 to 11.0 deaths per 100 000 births)." Severe maternal morbidity is defined by disease-
specific criteria, such as eclampsia; interventions, such as blood transfusion; or organ system
dysfunction, such as heart failure, each on the continuum to mortality.> Similar to maternal mortality,
severe maternal morbidity rates increased in Canada by 1.3% per year in 2004 to 2015 to 17.7 per
1000 births,* with even greater increases in the United States.® Severe maternal morbidity and
mortality have devastating effects on families® and are largely preventable. Studies showing that
chronic conditions, such as cardiovascular disease and diabetes, are among the leading causes of
such morbidity and mortality have led to significant preventive efforts for women with these
conditions, including better preconception and perinatal care.” However, the association of maternal
disability with these outcomes is relatively unknown.

Disability is common in women of reproductive age, with a prevalence of at least 12% in those
aged 15 to 49 years.®° Disabilities are heterogeneous and can be present since birth or acquired, be
continuous or episodic, and limit functioning or life expectancy. Broadly classified, physical
disabilities affect mobility, flexibility, or dexterity; sensory disabilities affect hearing or vision; and
intellectual/developmental disabilities affect cognitive and conceptual, social, or practical skills.
During the last 20 years, pregnancy rates in women with disabilities have increased.'®"
Accumulating evidence suggests that, compared with those without disabilities, women with
disability have elevated risk of pregnancy complications, such as gestational hypertension.'
However, few studies have examined the association of disability with severe maternal morbidity,* "
and only 1small clinical study measured maternal mortality.” This is an important omission because
women with disabilities experience social and health disparities known to increase risks of severe
maternal morbidity and mortality'®2°
prevent these outcomes. In a population-based cohort in Ontario, Canada, our objective was to

and could benefit from preconception and perinatal efforts to

determine the risk of severe maternal morbidity or mortality in women with physical, sensory,
intellectual/developmental, and multiple disabilities compared with women without any such
disability.

Methods

Study Design and Setting

We conducted a population-based cohort study in Ontario, Canada, following the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline.?’ Ontario is the
largest province in Canada, with 14.7 million residents and 140 00O births yearly. Under a universal
health care system, all medically necessary physician and hospital services, including prenatal and
postpartum medical care, are delivered to Ontario residents at no direct cost. We included women aged
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15 to 49 years with and without disabilities who had a singleton live birth or stillbirth conceived between
April 1, 2003, and March 31, 2018, and who were eligible for Ontario’s health insurance plan in the 2
years before cohort entry. Women were followed up from conception to 365 days post partum to
ascertain outcomes, to a maximum of December 31, 2019.

Data were obtained from ICES, a prescribed entity under section 45 of Ontario's Personal Health
Information Protection Act. Section 45 authorizes ICES to collect personal health information,
without consent, for the purpose of analysis or compiling statistical information with respect to the
management of, evaluation or monitoring of, the allocation of resources to, or planning for all or part
of the health system. Projects conducted under section 45, by definition, do not require review by a
research ethics board. This project was conducted under section 45, and approved by ICES's Privacy
and Legal Office.

Data Sources

We accessed health administrative data at ICES (Toronto, Ontario), an independent, not-for-profit
organization that houses diagnostic, procedural, and sociodemographic data for Ontario residents.
We captured births in the MOMBABY data set, which holds records for approximately 98% of
Ontario births. These data were linked deterministically with hospitalizations, emergency
department visits, physician visits, census data, and vital statistics with a unique encoded identifier
and analyzed at ICES (eTable 1in the Supplement). Primary hospital diagnoses, physician billing
claims, and sociodemographic data have been shown to be complete and accurate.??

Exposure

Our definitions of physical, sensory, and intellectual/developmental disabilities were derived from
algorithms developed to measure disability in administrative data.?>?* From these algorithms, we
developed an initial list of codes, to which we added codes if they were judged by a group of 13
clinicians with disability expertise to be likely to result in functional limitations, as defined by the
International Classification of Functioning, Disability and Health®®; and were classified as being
chronic by the Agency for Healthcare Research and Quality Chronic Condition Indicator (CCl) for
International Statistical Classification of Diseases, Tenth Revision, Clinical Modification (ICD-10-CM).%®
A disability was said to be present if a relevant diagnosis was recorded in 2 physician visits or more
or at least 1 emergency department visit or hospitalization from database inception to conception,
the latter estimated by subtracting gestational age from the birth date.?” Physical disabilities were
congenital anomalies, musculoskeletal or neurologic disorders, and permanent injuries; sensory
disabilities were hearing and vision loss; and intellectual/developmental disabilities were autism
spectrum disorder, chromosomal anomalies resulting in intellectual disability, fetal alcohol spectrum
disorder, and intellectual disability (eTable 2 in the Supplement). Women with diagnoses in at least
2 of these categories (ie, with multiple disabilities) were categorized separately. The referent group
was women without any recognized disability.

Outcomes

Our primary outcome was a composite of severe maternal morbidity or mortality. The former was
measured with a definition developed and validated by the Canadian Perinatal Surveillance System?
and adapted?® to include 40 diagnostic (eg, eclampsia) and procedural indicators (eg, peripartum
hysterectomy) arising in pregnancy or up to 42 days post partum (eTable 3 in the Supplement).
Maternal mortality was defined as death from any cause around the time of birth or within 42 days
post partum.® As secondary outcomes, we assessed severe maternal morbidity or mortality within
pregnancy, birth to 42 days post partum, and 43 to 365 days post partum separately, and maternal
mortality and specific severe maternal morbidity indicators alone, each measured from conception to
365 days post partum.
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Covariates

Covariates were maternal age, parity, and social and health disparities known to affect women with
disabilities.'®2° Neighborhood income quintile was measured by linking census area-level income
data with residential postal codes. Rural residence was measured with the Rurality Index of
Ontario,?® which uses 10 indicators, such as travel time to different levels of care, to classify
neighborhoods as rural (=45 points) or urban (=44 points). We used validated disease registries to
capture diabetes,3° chronic hypertension,®' and cardiovascular disease®?3° diagnosed before
conception. We used the Johns Hopkins Adjusted Clinical Groups system version 10.0 collapsed
ambulatory diagnostic groups (excluding disability diagnoses) to identify stable and unstable
comorbid chronic conditions more broadly.3® We measured any mental illness and substance use
disorders on the basis of 2 or more physician visits or at least 1emergency department visit or
hospitalization less than 2 years before conception.>”-> We also measured the occurrence of a first-
trimester prenatal care visit and the total number of visits.

Statistical Analysis
We described the baseline characteristics of women with physical, sensory, intellectual/
developmental, and multiple disabilities by using frequencies and proportions, and compared these
with those of women without disabilities, using standardized differences. Standardized differences
use effect size methods to identify meaningful differences between groups that, unlike P values, are
not influenced by sample size. Values greater than 0.10 are clinically significant.3® We used modified
Poisson regression to directly estimate relative risks and 95% Cls for the binary outcome of severe
maternal morbidity or mortality between conception and 42 days post partum in each disability
group vs women with no disability,*° with a robust variance estimator to account for multiple births
to the same mother.*' We conducted 2 sets of multivariable models, the first minimally adjusted for
age, parity, neighborhood income quintile, and rurality, and the second fully adjusted for these
sociodemographic variables and health variables that could plausibly be on the causal pathway
between disability status and the outcome (ie, type 1or 2 diabetes, chronic hypertension or
cardiovascular disease, stable and unstable chronic conditions, mental iliness, and substance use
disorders). Analyses were also conducted for severe maternal morbidity or mortality in pregnancy,
birth to 42 days post partum, and 43 to 365 days post partum separately as well as maternal
mortality from birth to 365 days post partum. We used cumulative logistic regression to compare the
odds of 1or more (vs 0), 2 or more (vs <1), and 3 or more (vs =<2) severe maternal morbidity
indicators in each disability group vs women with no disability. Finally, we used frequencies and
proportions to describe the 3 most prevalent severe maternal morbidity indicators in each group.
We undertook several additional analyses. First, the disability algorithms included a range of condi-
tions whose characteristics, including age at diagnosis and proximity of disability-related health care use
to conception, could affect health in pregnancy. We described outcome rates by age at diagnosis (ie, first
recorded at <15 years vs later) because disabilities diagnosed in childhood could carry greater stigma and
result in greater social and health disparities than those acquired later. We also described outcome rates
by proximity of disability-related health care use to conception (ie, recorded <1year before conception vs
only earlier) because disability-related health care use closer to conception could indicate more active
symptoms near pregnancy than only distal encounters. Second, we examined severe maternal morbidity
or mortality between conception and 365 days post partum by disability subtype to explore heteroge-
neity in risk. Third, we stratified models examining severe maternal morbidity or mortality between birth
and 365 days post partum by delivery mode (ie, cesarean or vaginal) and birth outcome (ie, live birth or
stillbirth) because these affect risk.*>4> Analyses used SAS version 9.4 (SAS Institute Inc).

Results

There were 144 972 births for women with a physical disability, 45 259 for those with a sensory
disability, 2227 for those with an intellectual/developmental disability, 8883 for those with multiple
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disabilities, and 1601363 for those without a disability. Compared with women without a disability
(mean [SD] age, 29.6 [5.4] years), those with sensory disabilities (mean [SD] age 29.1[6.0] years),
intellectual/developmental disabilities (mean [SD] age, 26.1 [6.4] years), and multiple disabilities
(mean [SD] age, 29.1[6.1] years) were younger and those with physical disabilities were slightly older
(mean [SD] age 29.8 [5.6] years) (Table 1). Women with intellectual/developmental disabilities were
more likely to live in low-income neighborhoods. Women with sensory and multiple disabilities were
more likely to have diabetes, and those with multiple disabilities were more likely to have chronic
hypertension or cardiovascular disease. Women with physical and multiple disabilities were more
likely to have stable chronic conditions, and all were more likely to have unstable chronic conditions.
All were more likely to have mentalillness, and those with intellectual/developmental and multiple
disabilities were more likely to have a substance use disorder (Table 1).

Risk of severe maternal morbidity or mortality between conception and 42 days post partum
was higher in women with physical disabilities (3444 women [2.4%)]), sensory disabilities (931
women [2.1%]), intellectual/developmental disabilities (67 women [3.0%]), and multiple disabilities
(314 women [3.5%]) compared with women without them (27 242 women [1.7%]). In fully adjusted
models, risks remained elevated in women with physical disabilities (adjusted relative risk [aRR],
1.29; 95% Cl, 1.25-1.34), sensory disabilities (aRR, 1.14; 95% Cl, 1.06-1.21), intellectual/developmental
disabilities (aRR, 1.57; 95% Cl, 1.23-2.01), and multiple disabilities (aRR, 1.74; 95% Cl, 1.55-1.95)
compared with women with no disabilities (Table 2). Although maternal mortality was too rare to
report for each disability group separately, there were 13.9 deaths per 100 000 births in women with

Table 1. Baseline Characteristics of Women With a Disability vs Those Without a Disability Who Had a Singleton
Birth in Ontario, Canada, 2003-2018

Intellectual/
Physical Sensory developmental Multiple
disability only disability only  disability only disabilities No disability
Variable (n =144972) (n = 45259) (n =2227) (n = 8883) (n=1601363)
Age, y
Mean (SD) 29.78 (5.60) 29.06 (5.95) 26.14 (6.43)° 29.07 (6.05) 29.56 (5.40)
15-24 25980 (17.9) 10561 (23.3)° 1006 (45.2)7 2178 (24.5)° 283117 (17.7)
25-34 89479 (61.7) 26138(57.8)* 951(42.7)? 4935 (55.6)° 1029218 (64.3)
35-49 29513 (20.4) 8550 (18.9) 270(12.1)? 1770 (19.9) 289028 (18.0)
Multiparous 84392 (58.2) 24600 (54.4) 1255(56.4) 4962 (55.9) 914219 (57.1)
Neighborhood income
quintile
1, lowest 31023 (21.4) 10051 (22.2) 837(37.6)* 2303 (25.9) 353505 (22.1)
2 28884 (19.9) 9173 (20.3) 485 (21.8) 1798 (20.2) 322413 (20.1)
3 29658 (20.5) 9243 (20.4) 398 (17.9) 1755 (19.8) 327804 (20.5)
4 30566 (21.1) 9369 (20.7) 266 (11.9)° 1685 (19.0) 329660 (20.6)
5, highest 24226 (16.7) 7274 (16.1) 224 (10.1)? 1310 (14.7) 261877 (16.4)
Missing 615 (0.4) 139(0.3) 17(0.8) 32(0.4) 6104 (0.4)
Region of residence
Rural 8281 (5.7) 2014 (4.5) 113(5.1) 499 (5.6) 67026 (4.2)
Missing 2192 (1.5) 518(1.1) 59 (2.6)* 126 (1.4) 19891 (1.2)
Type 1 or 2 diabetes 3663 (2.5) 1367 (3.0)° 62 (2.8) 463 (5.2)* 24466 (1.5)
Chronic hypertension or 5496 (3.8) 1415 (3.1) 38(1.7) 489 (5.5)° 36865 (2.3)
cardiovascular disease
Stable chronic 39998 (27.6)* 11739 (25.9) 555 (24.9) 2877 (32.4)? 367257 (22.9)
conditions
Unstable chronic 23524 (16.2)° 6604 (14.6)*  338(15.2)° 2003 (22.5)° 180985 (11.3)
conditions
Mental illness 28488(19.7)* 7841 (17.3)° 837 (37.6)? 2378(26.8)* 202064 (12.6)
Substance use disorder 2848 (2.0) 548 (1.2) 141 (6.3) 302 (3.4)? 14302 (0.9)
First-trimester prenatal  131749(90.9) 40881(90.3) 1871 (84.0)° 8032 (90.4) 1438982 (89.9)
care visit Abbreviation: IQR, interquartile range.
Total prenatal care 15(11-18) 15(11-18) 14 (10-18) 15 (12-19)° 14 (11-17) 2 Standardized difference greater than 0.10 compared

visits, median (IQR). No.

with women without a disability.
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disabilities as a whole compared with 7.7 per 100 000 in women without disabilities (minimally aRR,
1.77; 95% Cl, 1.17-2.69; fully aRR, 1.48; 95% Cl, 0.97-2.26).

Risks of severe maternal morbidity or mortality were consistently elevated among women in
each disability group compared with women without disabilities within pregnancy, birth to 42 days
post partum, and 43 to 365 days post partum (fully aRRs, 1.08 [95% Cl, 0.99-1.18] to 2.19 [95% Cl,
1.87-2.56]) (Figure 1). Women with disabilities also had increased odds of 1 or more severe maternal
morbidity indicators, 2 or more indicators, and 3 or more indicators compared with women without
disabilities (Figure 2). Types of severe maternal morbidity were similar across the 5 groups, with the 3

Table 2. Risk of Severe Maternal Morbidity or Mortality Arising Between Conception and up to 42 Days Post
Partum in Women With a Disability Compared With Women Without a Disability

indbiduals g o570
Variable No. (%) Unadjusted Model 1* Model 2°
Disability type
None (n = 1601 363) 27242 (1.7) 1 [Reference] 1 [Reference] 1 [Reference]
Physical only (n = 144 972) 3444 (2.4) 1.39(1.34-1.44) 1.38(1.33-1.43)  1.29(1.25-1.34)
Sensory only (n = 45 249) 931 (2.1) 1.21(1.13-1.29) 1.20(1.12-1.28)  1.14(1.06-1.21)

Intellectual/developmentalonly 67 (3.0) 1.70(1.33-2.18) 1.73(1.35-2.21)  1.57(1.23-2.01)

(n=2227)
Multiple (n = 8883) 314 (3.5) 2.09 (1.86-2.34) 2.05(1.83-2.30) 1.74 (1.55-1.95)
Age, y
15-24 (n = 322 842) 5687 (1.8) 1.05(1.02-1.09) 0.92 (0.90-0.95)  0.96 (0.93-0.99)
25-34 (n=1150721) 18777 (1.6) 1 [Reference] 1 [Reference] 1 [Reference]
35-49 (n = 329131) 7534 (2.3) 1.41(1.37-1.44) 1.51(1.47-1.55) 1.43(1.39-1.47)
Parity
Primiparous (n = 773 266) 16380 (2.1) 1 [Reference] 1 [Reference] 1 [Reference]
Multiparous (n = 1029 428) 15618 (1.5)  0.72(0.70-0.73) 0.67 (0.65-0.68)  0.65 (0.64-0.67)
Neighborhood income quintile
1, lowest (n = 397 719) 7985 (2.0) 1.19(1.15-1.24)  1.26(1.22-1.31)  1.24(1.19-1.28)
2(n=362753) 6335 (1.7) 1.06(1.02-1.10)  1.10(1.06-1.14)  1.08(1.04-1.12)
3(n=368858) 6363 (1.7) 1.05(1.01-1.09) 1.08 (1.04-1.12) 1.07 (1.03-1.11)
4 (n = 371546) 6264 (1.7) 1.02(0.98-1.06)  1.04(1.00-1.08)  1.04 (1.00-1.07)
5, highest (n = 294911) 4866 (1.6) 1 [Reference] 1 [Reference] 1 [Reference]
Region of residence
Urban (n = 1701975) 29752 (1.7) 1 [Reference] 1 [Reference] 1 [Reference]
Rural (n = 77933) 1557 (2.0) 1.14 (1.09-1.20) 1.19(1.13-1.25)  1.21(1.15-1.28)
Type 1 or 2 diabetes
Absent (n = 1772673) 30838 (1.7) 1 [Reference] NA 1 [Reference]
Present (n = 30021) 1160 (3.9) 2.21(2.08-2.34) NA 1.61(1.51-1.71)
Chronic hypertension or
cardiovascular disease
Absent (n = 1758391) 30247 (1.7) 1 [Reference] NA 1 [Reference]
Present (n = 44 303) 1751 (4.0) 2.31(2.20-2.43) NA 1.79(1.70-1.88)
Stable chronic conditions
Absent (n = 1380268) 22418 (1.6) 1 [Reference] NA 1 [Reference]
Present (n = 422 426) 9580 (2.3) 1.39(1.36-1.42) NA 1.20(1.17-1.23)
Unstable chronic conditions
Absent (n = 1589 240) 26322 (1.7) 1 [Reference] NA 1 [Reference]
Present (n = 213 454) 5676 (2.7) 1.59(1.54-1.64)  NA 1.43(1.39-1.47) Abbreviation: NA, not applicable; RR, relative risk.
Mental illness 2@ Adjusted for maternal age, parity, neighborhood
Absent (n = 1561 086) 26728 (1.7) 1 [Reference] NA 1 [Reference] income quintile, and region of residence.
Present (n = 241 608) 5270 (2.2) 1.27 (1.23-1.31) NA 1.18(1.14-1.22) b Adjusted for maternal age, parity, neighborhood
Substance use disorder income quintile, region of residence, type 1or 2
Absent (n = 1784553) 31508 (1.8) 1 [Reference] NA 1 [Reference] diabetes, chronic hypertension or cardiovascular
Present (n = 18 141) 490 2.7) 145(1.32-1.59)  NA 1.30(1.18-1.43) disease, stable and unstable chronic conditions,

mental iliness, and substance use disorders.
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Figure 1. Risk of Severe Maternal Morbidity or Mortality, by Timing, in Women With a Disability Compared

With Women Without a Disability

No. (%)
Disability and model with outcome RR (95% CI)
Pregnancy
None 10498 (0.7) 1 [Reference]
Physical 1468 (1.0)
Unadjusted 1.54 (1.46-1.63) -
Model 1 adjusted 1.54(1.45-1.63) =
Model 2 adjusted 1.40(1.32-1.48) —-—
Sensory 409 (0.9)
Unadjusted 1.38(1.25-1.53) —
Model 1 adjusted 1.35(1.22-1.49) —a—
Model 2 adjusted 1.25(1.13-1.39) ——
IDD 29(1.3)
Unadjusted 1.89(1.30-2.75) —_—a
Model 1 adjusted 1.86(1.28-2.71) _—
Model 2 adjusted 1.63(1.12-2.38) _—
Multiple 165 (1.9)
Unadjusted 2.87 (2.45-3.37) —.
Model 1 adjusted 2.80(2.39-3.28) ——
Model 2 adjusted 2.19(1.87-2.56) —
Birth to 42 d post partum
None 17207 (1.1) 1 [Reference]
Physical 2064 (1.4)
Unadjusted 1.32(1.26-1.38) -
Model 1 adjusted 1.32(1.25-1.37) -
Model 2 adjusted 1.24(1.18-1.30)
Sensory 549 (1.2)
Unadjusted 1.13(1.04-1.23) ——
Model 1 adjusted 1.12(1.03-1.23) —a—
Model 2 adjusted 1.08 (0.99-1.18) .
IDD 40(1.8)
Unadjusted 1.64 (1.20-2.25) _—
Model 1 adjusted 1.69(1.23-2.31) —_———
Model 2 adjusted 1.56(1.14-2.14) —_—.——
Multiple 163 (1.8)
Unadjusted 1.70(1.46-1.99) ——
Model 1 adjusted 1.68 (1.44-1.96) —a—
Model 2 adjusted 1.48(1.27-1.73) ——
43-365 d Post partum
None 4911 (0.3) 1 [Reference]
Physical 763 (0.5)
Unadjusted 1.73(1.60-1.87) -
Model 1 adjusted 1.71(1.59-1.85) -
Model 2 adjusted 1.53(1.41-1.65) —a—
Sensory 199 (0.4)
Unadjusted 1.43(1.24-1.65) —
Model 1 adjusted 1.40(1.21-1.62) —a—
Model 2 adjusted 1.30(1.12-1.50) —
IDD 21(0.9)
;r;:ijluitaeiuste‘j ;;’ g:gi:::zzi M?dEI Twas ad!'usted for rlna.ternal age, 'parity,
Model 2 adjusted 2.18 (1.43-3.34) - nelghborhood income quujltlle, and region of
Multiple 80 (0.9) re5|.dence.. Model 2 wals adjusteq for mate.rnal age,
Unadjusted 2.99(2.38-3.76) par_lty. neighborhood m_come qumt|lej region of _
Model 1 adjusted 287 (2.28-3.61) re5|denlce, type1l orl 2 diabetes, chronic hypertensmn.
Model 2 adjusted 218 (L74-2.74) or carc_hovascular d|.sease. stable and unstable chronic
‘ ‘ conditions, mental illness, and substance use

RR (95% Cl)

disorders. IDD indicates intellectual/developmental
disability; RR, relative risk.
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Figure 2. Risk of Having a Higher Number of Indicators of Severe Maternal Morbidity (SMM) Arising Between
Conception and 365 Days Post Partum in Women With a Disability Compared With Women Without a Disability

Disability and model

No. (%)
with outcome

OR (95% CI)

21 SMM indicator
None
Physical
Unadjusted
Model 1 adjusted
Model 2 adjusted
Sensory
Unadjusted
Model 1 adjusted
Model 2 adjusted
IDD
Unadjusted
Model 1 adjusted
Model 2 adjusted
Multiple
Unadjusted
Model 1 adjusted
Model 2 adjusted
22 SMM indicator
None
Physical
Unadjusted
Model 1 adjusted
Model 2 adjusted
Sensory
Unadjusted
Model 1 adjusted
Model 2 adjusted
IDD
Unadjusted
Model 1 adjusted
Model 2 adjusted
Multiple
Unadjusted
Model 1 adjusted
Model 2 adjusted
23 SMM indicator
None
Physical
Unadjusted
Model 1 adjusted
Model 2 adjusted
Sensory
Unadjusted
Model 1 adjusted
Model 2 adjusted
IDD
Unadjusted
Model 1 adjusted
Model 2 adjusted
Multiple
Unadjusted
Model 1 adjusted
Model 2 adjusted

31546 (2.0)
4066 (2.8)

1094 (2.4)

86 (3.9)

369 (4.2)

7071(0.4)
943(0.7)

256 (0.6)

23(1.0)

110 (1.2)

2796 (0.2)
377(0.3)

96 (0.2)

6(0.3)

51(0.6)

1 [Reference]

1.44 (1.39-1.48)
1.43(1.38-1.47)
1.32(1.28-1.37)

1.23(1.16-1.31)
1.22(1.14-1.29)
1.15(1.08-1.23)

1.98 (1.59-2.47)
1.97 (1.57-2.45)
1.74 (1.40-2.18)

2.17 (1.96-2.42)
2.13(1.92-2.37)
1.79 (1.61-1.99)

1 [Reference]

1.48(1.38-1.58)
1.46 (1.36-1.56)
1.35(1.26-1.45)

1.27 (1.12-1.44)
1.26(1.11-1.43)
1.19(1.05-1.35)

2.44 (1.62-3.69)
2.56 (1.70-3.87)
2.27 (1.51-2.43)

2.84(2.35-3.44)
2.76 (2.28-3.35)
2.30(1.90-2.78)

1 [Reference]

1.50(1.34-1.67)
1.46 (1.31-1.63)
1.35(1.22-1.51)

1.16 (0.94-1.43)
1.16 (0.94-1.43)
1.10(0.89-1.35)

1.60(0.72-3.57)
1.75(0.79-3.89)
1.55(0.69-3.44)

3.31(2.50-4.38)
3.18(2.51-4.20)
2.65(1.99-3.48)

OR (95% Cl)

Model 1was adjusted for maternal age, parity,
neighborhood income quintile, and region of
residence. Model 2 was adjusted for maternal age,
parity, neighborhood income quintile, region of
residence, type 1or 2 diabetes, chronic hypertension
or cardiovascular disease, stable and unstable chronic
conditions, mental illness, and substance use
disorders. IDD indicates intellectual/developmental
disability; OR, odds ratio; SMM, severe maternal
morbidity.
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most prevalent severe maternal morbidity indicators being a combination of severe postpartum
hemorrhage; intensive care unit admission; puerperal sepsis; or severe preeclampsia and hemolysis,
elevated liver enzymes, and low platelet count syndrome (Table 3).

Among women with disabilities, risks of severe maternal morbidity or mortality were generally
higher in women with a first diagnosis at younger than 15 years vs later and in women with a
disability-related health care encounter recorded less than 1year before conception vs only earlier
(eTable 4 in the Supplement). Risks were consistently elevated by subtype of disability, with greatest
risk in women with cooccurring physical, sensory, and intellectual/developmental disabilities (aRR,
3.10; 95% Cl, 1.60-6.01) (eTable 5 in the Supplement). When analyses were stratified by delivery
mode, risks were elevated in all disability groups compared with women without disabilities for
cesarean births and in all disability groups except women with sensory disabilities for vaginal births
(eTable 6 in the Supplement). When analyses were stratified by birth outcome, risks were elevated in
all disability groups for live births. Risks were also elevated for stillbirths but were not significant,
likely owing to small numbers (eTable 6 in the Supplement).

Discussion

This large population-based study demonstrated that women with physical, sensory, and
intellectual/developmental disabilities were at increased risk of life-threatening complications or
death in pregnancy and within 6 weeks of childbirth. These risks extended beyond the immediate
postpartum period to the entire first year post partum. Women with disabilities were also at elevated
risk of experiencing multiple severe maternal morbidity indicators, and their most prevalent
complications were similar to those of women without disabilities. Severe maternal morbidity and
mortality have devastating effects on families. Our results have implications for development of
supports to assist women with disabilities, including improved preconception care to address social
and health risks and comprehensive care across pregnancy and the extended postpartum period.
Few studies have examined the association between disability and severe maternal morbidity
or mortality. Three studies examined severe maternal morbidity indicators in specific disability
groups.” In a US clinical study with 68 participants, Morton et al' identified 3 cases of uterine
hemorrhage and no placental abruptions in women with physical disabilities. In a US retrospective
cohort study with 7098 participants, Schiff et al'* did not find elevated risk for placental abruption or
placenta previa among Deaf women. In a retrospective cohort study in Ontario with 386 706

|15

participants, Brown et al> found that women with intellectual/developmental disabilities were at

elevated risk for severe obstetric morbidity (eg, placental abruption) and systemic complications (eg,

Table 3. Three Most Prevalent Indicators of Severe Maternal Morbidity in Women With a Disability Compared With Women Without a Disability

First most prevalent Second most prevalent Third most prevalent
Disability status SMM indicator No. (%)? SMM indicator No. (%)  SMM indicator No. (%)?
Physical only (n = 3436 with SMM) Postpartum hemorrhage with RBC 789 Maternal ICU admission 756 Puerperal sepsis 512
transfusion, procedures to the (23.0) (22.0) (14.9)
uterus or hysterectomy
Sensory only (n = 931 with SMM) Postpartum hemorrhage with RBC 218 Maternal ICU admission 185 Severe preeclampsia and 134
transfusion, procedures to the (23.4) (19.9) HELLP syndrome (14.4)
uterus or hysterectomy
Intellectual/developmental only Maternal ICU admission 22 Postpartum hemorrhage with 17 Severe preeclampsiaand 7
(n = 67 with SMM) (32.8) RBC transfusion, procedures  (25.4) HELLP syndrome (10.4)
to the uterus or hysterectomy
Multiple (n = 314 with SMM) Maternal ICU admission 93 Postpartum hemorrhage with 69 Puerperal sepsis 39
(29.6) RBC transfusion, procedures  (22.0) (12.4)
to the uterus or hysterectomy
None (n = 27 205 with SMM) Postpartum hemorrhage with RBC 6903 Maternal ICU admission 5135 Puerperal sepsis 4223
transfusion, procedures to the (25.4) (18.9) (15.5)
uterus or hysterectomy
Abbreviations: HELLP, hemolysis, elevated liver enzymes, and low platelet count; ICU, 2 Refers to individuals with SMM who had the indicator. A given birth may have more
intensive care unit; RBC, red blood cell; SMM, severe maternal morbidity. than 1SMM indicator.
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myocardial infarction). To our knowledge, there have been no population-based studies of maternal
mortality in women with disabilities.” Morton et al'® examined maternal mortality but found no
deaths in their small sample. Our study adds to an almost absent literature on severe maternal
morbidity and mortality in women with disabilities by leveraging large, population-based data sets
needed to examine these rare outcomes. Our data also show that risk of severe maternal morbidity or
mortality is elevated in women with disabilities even in a universal health care system in which health
insurance is not a barrier to care.

Our study provides insight into factors that may lead to elevated risk of severe maternal
morbidity or mortality among women with disabilities. Several important contributors to severe
maternal morbidity and mortality, such as diabetes, cardiovascular disease,” and poverty,** occur
more frequently in women with disabilities than in those without disabilities.'®2° In our study, risks
for severe maternal morbidity or mortality were attenuated after controlling for these and other
disparities. However, even after adjustment, risks remained elevated. It is possible other unmeasured
factors explain some of this remaining risk. For example, disability prevalence is disproportionately
high among racial/ethnic minorities,*® and there are well-established racial/ethnic disparities in
severe maternal morbidity and mortality risk.*® However, Ontario health records do not collect race/
ethnicity data. Similarly, unmeasured systemic issues such as gaps in the quality of perinatal care
could explain our results. Future research should examine their influence on the observed
associations.

Our findings have implications for preconception and perinatal care of women with disabilities.
Women with chronic conditions, such as diabetes and cardiovascular disease, receive enhanced
preconception care to improve disease management before pregnancy and reduce risks of severe
maternal morbidity and mortality.*” Our data suggest women with disabilities could benefit from
such supports, given their elevated risk of severe maternal morbidity and mortality, which was partly
explained by cooccurring chronic conditions. Preconception care for women with disabilities should
also consider how disability shapes health care access'®2°
poverty.'”® Our data demonstrate that women with disabilities require more than just proactive
preconception care. Elevated risk of severe maternal morbidity or mortality extended across the first
postpartum year. Most North American women receive only 1routine postpartum health care visit
at 6 weeks. Comprehensive care for women with disabilities is required well beyond this time.
Women with disabilities may benefit from more frequent and longer visits across pregnancy and the
first year post partum to facilitate enhanced screening and follow-up.

and interacts with other factors such as

Limitations

This study has limitations. Disability status may have been misclassified if a health care professional
did not record a disability diagnosis in the medical chart, if a woman with a disability did not seek
health care for her disability, or if she received a diagnosis before migrating to Ontario without further
record of the fact thereafter. Use of administrative data to identify disability reflects a medical model
of disability and does not capture the heterogeneity of activity limitations and participation
restrictions experienced by women with disabilities nor the societal barriers that affect these
experiences.*® Although we used validated measures of severe maternal morbidity and mortality,?®
different jurisdictions use definitions that vary by included indicators and timing. Findings may not
be generalizable to all settings.*® Furthermore, we could not determine the exact timing of a severe
maternal morbidity or fatality event during the birth hospitalization, such as in relation to the timing
of the birth. Hence, we may have classified a small number of events as arising post partum when
they may have actually occurred antepartum or intrapartum. Although we controlled for an area-
level indicator of income, we had no individual-level socioeconomic data, which may have masked
some of the differences between women with and without disabilities. Although there are important
racial/ethnic disparities in both the prevalence of life-threatening pregnancy complications and the
burden of disability,*>*¢ we could not account for the role of racism in our findings.>° Quality of
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health care or presence of other supports, also unmeasured, could explain some of the observed
associations.

Conclusions

In this study, women with disabilities were at elevated risk for severe maternal morbidity and
mortality. These findings demonstrate an urgent need to improve preconception and perinatal
supports for women with disabilities to prevent these rare but devastating outcomes.
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