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Abstract

Background: Living in low-income
neighbourhoods and being an immi-
grant are each independently associ-
ated with adverse neonatal outcomes,
but it is unknown if disparities exist in
the neonatal period for children of
immigrant and nonimmigrant females
living in low-income areas. We sought to
compare the risk of severe neonatal
morbidity and mortality (SNMM)
between newborns of immigrant and
nonimmigrant mothers who resided in
low-income neighbourhoods.

Methods: This population-based cohort
study used administrative data for
females residing in low-income urban
neighbourhoods in Ontario, who had an
in-hospital, singleton live birth at
20-42 weeks’ gestation, from 2002 to
2019. We defined immigrant status as
nonrefugee immigrant or nonimmigrant,

further detailed by country of birth and
duration of residence in Ontario. The
primary outcome was a SNMM compos-
ite (with 16 diagnoses, including neo-
natal death and 7 neonatal procedures
as indicators), arising within 0-27 days
after birth. We estimated relative risks
(RRs) and 95% confidence intervals (Cls)
using modified Poisson regression with
generalized estimating equations.

Results: Our cohort included 148050
and 266 191 live births among immigrant
and nonimmigrant mothers, respect-
ively. Compared with newborns of non-
immigrant females, SNMM was less fre-
quent among newborns of immigrant
females (49.7 v. 65.6 per 1000 live births),
with an adjusted RR of 0.76 (95% Cl 0.74
to 0.79). The most frequent SNMM indi-
cator was receipt of ventilatory support.
Relative to neonates of nonimmigrant

females, the risk of SNMM was highest
among those of immigrants from
Jamaica (adjusted RR 1.14, 95% CI 1.05
to 1.23) and Ghana (adjusted RR 1.20,
95% CI 1.05 to 1.38), and lowest among
those of immigrants from China
(adjusted RR 0.44, 95% Cl 0.40 to 0.48).
Among immigrants, the risk of SNMM
declined with shorter duration of resi-
dence before the index birth.

Interpretation: Within low-income
urban areas, newborns of immigrant
females had an overall lower risk of
SNMM than those of nonimmigrant
females, with considerable variation by
maternal birthplace and duration of
residence. Initiatives should focus on
improving preconception health and
perinatal care within subgroups of
females residing in low-income
neighbourhoods.

Neonatal morbidity and mortality are important public health
indicators used to monitor and evaluate neonatal health and
quality of perinatal care.? The neonatal period, ranging from
birth to 27 days thereafter, is the most vulnerable time for infant
survival.! Around 75% of infant deaths occur during this period,
largely from prematurity and other conditions that can often be
prevented by timely obstetrical and neonatal care.®*

In high-income countries, improvements in health care have
resulted in a decline in neonatal mortality,>® including in Canada,
where the rate is 3.6 deaths per 1000 live births.” Accordingly,
research and public health surveillance has increasingly focused on

severe neonatal morbidity (SNM), which refers to a newborn who
has survived a severe complication during birth or the neonatal
period.}®® Identifying newborns at high risk of SNM is crucial as it
has serious implications for the surviving child and their family.21!
Limited research has examined SNM in high-income coun-
tries.2®812-17 Studies have primarily focused on deriving and vali-
dating the criteria to define SNM,>* quantifying the prevalence
of SNM and identifying risk factors in African, Asian and Latin
American regions.!»#2" Research is also lacking on a range of
upstream social determinants of health inequity and their influ-
ence on SNM.%% Living in a low-income area'?*°=> and being an
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immigrant®- are each independently associated with adverse
neonatal outcomes. However, studies about area-level income
have only made comparisons across income groups (e.g., females
living in low- v. high-income areas), rather than being confined to
low-income areas, where the risk of adverse neonatal outcomes
may be highest and where enhanced obstetric and neonatal care
are most needed. Thus, these studies may not have effectively
disentangled the influence of area-level income from that of
being a new immigrant who may settle in a low-income area or a
nonimmigrant female living in a low-income area.

This study builds on our previous work, in which we found that
females residing in the lowest-income areas were at highest risk
of having a newborn with concomitant preterm birth and severe
small-for-gestational-age birth weight.> Furthermore, immigrant
females had a slightly lower overall risk of severe maternal mor-
bidity or mortality (SMMM) than nonimmigrant females, all of
whom were residing within low-income areas.*’

In this study, we sought to compare the risk of SNMM
between newborns of immigrant and nonimmigrant females
residing in low-income urban neighbourhoods. We further
sought to evaluate risk of SNMM by maternal world region of
birth and country of birth, and by duration of residence among
immigrant females.

Methods

Study design and setting

We conducted this retrospective, population-based cohort study
in Ontario, the most populous and ethnically diverse province in
Canada. Ontario receives about 53% of all female immigrants
entering Canada,” many of whom originate from nations where
rates of SNMM are relatively high,® and many reside in low-
income urban areas upon arrival.*® We report our findings
according to the Reporting of Studies Conducted using Observa-
tional Routinely Collected Data (RECORD) checklist.*

Participants

We included all in-hospital, singleton live births at 20-42 weeks’
gestation, from 2002 to 2019. We limited the cohort to births to
females aged 15-50 years who had a valid Ontario Health Insur-
ance Plan (OHIP) number and who resided in urban neighbour-
hoods of the lowest income quintile as of the index birth date
(Appendix 1, Table S1, available at www.cmaj.ca/lookup/
doi/10.1503/cmaj.221711/tab-related-content).

Data sources
We used administrative data at ICES, an independent, nonprofit
research institute whose legal status under Ontario’s health
information privacy law allows it to collect and analyze health
care and demographic data, without consent, for health system
evaluation and improvement. Data sets used for this study are
valid and reliable sources for perinatal research, described in
Appendix 1, Table $2.5-5 These deidentified data sets are linked
using unique encoded identifiers and analyzed at ICES.

All live births were identified in the MOMBABY database, which
captures labour and delivery records for about 98% of Ontario

births.®-*2 Maternal immigrant status was determined using the
Immigration, Refugees and Citizenship Canada Permanent Resi-
dents database (Appendix 1, Table S2).5*% Neighbourhood
income quintile was categorized using Statistics Canada’s Postal
Code Conversion File Plus (PCCF+, version 7B), based on the
female’s residential postal code at the time of the index birth.*

Exposures

The primary exposure was maternal immigrant status before the
index birth, defined according to a female’s birthplace and
migration status. Henceforth, we refer to nonrefugee immigrants
as “immigrants,” and females born in Canada as “nonimmi-
grants.” We excluded refugees or other special-status immi-
grants, and females concomitantly classified as both a nonimmi-
grant and immigrant. We also omitted immigrants who did not
have a landing date, or those whose landing date either pre-
ceded their own date of birth or was after the index delivery date
(Appendix 1, Table S1).

We defined 3 secondary exposures, namely world region of
birth, country of birth and, for immigrant females, duration of
residence in Ontario. We categorized world region of birth
according to a modified version of the United Nations classifica-
tion scheme (i.e., Canada, Caribbean, East Asia and Pacific, Latin
America, Middle East and North Africa, South Asia, Sub-Saharan
Africa, and Western Nations and Europe).*5>® We identified
country of birth for those who had immigrated from the
20 countries contributing the greatest number of births in
Ontario during the study period. For immigrant females, we cal-
culated duration of residence as a continuous variable, defined
by the number of years between their landing date in Ontario
and the index birth date.

Outcomes
The primary outcome was a composite of SNM and all-cause
neonatal mortality (SNMM). We measured SNMM in our study
using the English-version Neonatal Adverse Outcomes Indicator
(E-NAOI), defined as the presence of 1 or more E-NAOI compon-
ents arising in the index birth admission and up to 27 days there-
after.® The E-NAOI consists of 16 neonatal diagnoses (including
neonatal death) and 7 procedures that relate to different body
systems.® The components are equally weighted. They are
recorded using diagnostic codes (e.g., seizures) from the Can-
adian version of the International Classification of Diseases and
Related Health Problems, 10th Revision (ICD-10-CA) and proced-
ural codes (e.g., resuscitation, ventilatory support) from the
Canadian Classification of Health Interventions (Appendix 1,
Table S1).8 The E-NAOI has shown good concurrent validity as a
population measure of SNM, and predictive validity for infant
death and hospital readmission in the first year of life.®

A secondary outcome was the number of SNMM indicators
(i.e., E-NAOI components) that were present at the index birth
admission and up to 27 days thereafter, categorized as 0 (refer-
ent), 1, 2 or 3 or more indicators.* For this secondary outcome,
neonatal death and neonatal diagnoses or procedures were not
mutually exclusive categories (e.g., we classified a newborn who
died after having a seizure as having an SNMM score of 2).
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Statistical analysis

Given ICES privacy and security requirements, ICES staff (A.B.
and J.G.) generated the study cohort. One author (J.A.J.) com-
pleted the analyses using SAS version 9.4 (SAS Institute).

We compared means and proportions between immigrant
and nonimmigrant females and their newborns for birth charac-
teristics using standard differences, with a value greater than
0.10 considered to be a clinically meaningful difference.®

We used modified Poisson regression with generalized estimat-
ing equations (GEEs) to estimate relative risks (RRs), absolute risk
differences and 95% confidence intervals (Cls) for the main out-
come of SNMM (i.e., the presence of > 1 E-NAOI components v.
none), comparing newborns of immigrant and nonimmigrant
females.®*-%3 We used this modelling approach to analyze the risk of
SNMM for maternal world region of birth and country of birth, with
females born in Canada as the referent. Generalized estimating
equations, with an exchangeable correlation structure, accounted
for correlation among females who had more than 1 live birth dur-
ing the study period.®* We adjusted RRs and absolute risk differ-
ences for maternal age (15-19 yr, 20-29 yr, 30-39 yr, 40-50 yr),2
parity (0, 1, 2, = 3)® and any newborn structural congenital anomaly
(yes or no),! each determined in the index birth admission.

For the outcome of the number of SNMM indicators, we calcu-
lated odds ratios (ORs) using multinomial logistic regression with
a robust error variance and GEE, comparing newborns of immi-
grant and nonimmigrant females. We adjusted ORs for the same
variables as the main analysis.

In an immigrant-only analysis, after conducting multivariable
fractional polynomial regression,% we observed a nonlinear
(quadratic) relation between maternal duration of residence and
the risk of SNMM. Accordingly, we used a modified Poisson regres-
sion GEE model with a restricted cubic spline function to estimate
adjusted RRs and 95% Cls of SNMM by declining duration of resi-
dence, compared with residing in Ontario 20 years or longer
before the index birth.6” We adjusted RRs for the same variables as
the main analysis, as well as world region of birth® and other vari-
ables documented at arrival to Canada, including immigration
class (economic, sponsored family),* highest level of education
(secondary school or less; trade certificate or diploma, or some
university; university degree; graduate degree)?” and self-reported
English and/or French language ability (yes or no).165

For the first sensitivity analysis, we removed gestational age
at birth less than 32 weeks and a birth weight less than 1500 g
from the SNMM composite for the main model, as neither are dis-
ease states, per se. The second analysis stratified the previous
model by gestational age (births occurring < 32 or = 32 weeks’
gestation), since birth before 32 weeks’ gestation is a major con-
tributor to morbidity and mortality.>%® The third analysis
expanded the cohort to live births and stillbirths born at
20 weeks’ gestation or later, and compared SNM or perinatal
mortality in the index birth admission and up to 27 days there-
after for newborns of immigrant and nonimmigrant females.

Ethics approval
Ethics approval was received from the University of Toronto
Research Ethics Board (no. 00040721).

Results

Of the 2374755 births during the study period, 414241 were
singleton live births to 312124 females residing in a lowest-
income (quintile 1) urban neighbourhood at the time of the
index birth (Figure 1). Among these live births, 148050 were to
immigrant females and 266 191 were to nonimmigrant females
(Table 1).

Immigrant females were older than nonimmigrant females
(30.6 yr v. 27.9 yr) and more likely to be parous, and their new-
borns had a lower mean birthweight (Table 1). Mean gestational
age at birth, and proportions of preterm births and structural
congenital anomalies, did not differ appreciably (Table 1).

Most immigrants had originated from South Asia (n = 52 428,
35.4%) and the East Asia and Pacific region (n = 35 276, 23.8%);
111 626 (75.4%) immigrants had resided in Ontario for less than
10 years (Table 1). Additional characteristics are presented in
Table 1.

Indicators of SNMM

The 5 most frequent SNMM indicators were the same among
newborns of immigrant and nonimmigrant females. These were
ventilatory support, receipt of intravenous fluids, gestational age
at birth of less than 32 weeks, birth weight of less than 1500 g
and respiratory distress syndrome (Appendix 1, Table S3).

Immigrant status and SNMM

The rate of SNMM (the presence of > 1 E-NAOI components v.
none) was significantly lower among newborns of immigrant
(49.7 per 1000 live births) than nonimmigrant (65.6 per 1000 live
births) females, equivalent to an adjusted RR of 0.76 (95% Cl 0.74
to 0.79) and an adjusted absolute risk difference of -15.2 cases
per 1000 live births (95% Cl -16.6 to -13.8) (Table 2).

Compared with their nonimmigrant counterparts, the new-
borns of immigrant females had lower odds of having 1 SNMM
indicator (adjusted OR 0.74, 95% Cl 0.71 to 0.76), 2 indicators
(adjusted OR 0.68, 95% Cl 0.64 to 0.73) and 3 or more indicators
(adjusted OR 0.82,95% C1 0.78 to 0.86) (Table 3).

Maternal birthplace and SNMM

Relative to newborns of nonimmigrants, the risk of SNMM was
lower for newborns of immigrant females from South Asia
(adjusted RR 0.72, 95% Cl 0.69 to 0.75), Middle East and North
Africa (adjusted RR 0.70, 95% CI 0.65 to 0.76), East Asia and
Pacific (adjusted RR 0.67, 95% CI 0.64 to 0.71), Latin America
(adjusted RR 0.79, 95% CI 0.73 to 0.87), and Western Nations and
Europe (adjusted RR 0.77, 95% Cl 0.71 to 0.83) (Table 4). Con-
versely, the risk was higher for those of immigrant females from
the Caribbean (adjusted RR 1.12, 95% Cl 1.04 to 1.19).

Newborns of females from Jamaica (adjusted RR 1.14, 95% ClI
1.05 to 1.23) and Ghana (adjusted RR 1.20, 95% CI 1.05 to 1.38)
had the highest risk of SNMM relative to their nonimmigrant coun-
terparts, when data relating to the top 20 immigrant countries
contributing to births were analyzed, while the lowest risk was
among newborns of females from China (adjusted RR 0.44, 95% ClI
0.40 to 0.48) (Table 5).

CMAJ | April 17,2023 | Volume 195 | Issue 15 E539

yoieasay



Research

Eligible hospital live births or stillbirths born at
20-42 weeks’ gestation, April 2002 to December 2019

n=2374755

Births excluded n=1927 336

« Refugee immigrant or other immigrant status n=89 128

« Multiple births at the index delivery n=79 535

« Living in income quintile 2-5 at index delivery n=1527 258
« Non-Ontario resident at the index delivery n=1863

« Living in nonurban area at the index delivery or area

of residence missing n =228 937

« Age at index delivery < 15 yr or > 50 yr or missing n=615

Initial cohort of singleton live births

n=447419

Final cohort
n=414241

Live births to immigrant females
residing in low-income areas
n=148 050

Births excluded n=33 178
« Landing date was after index delivery n=3214
« Landing date was before maternal birth date or female

was Canadian-born and an immigrant n=7

« Stillbirths n=96

« Invalid or warning for mother-infant linkage n=10 244
» Newborn birth weight <250 g or missing n =15 466

« Female ineligible for OHIP at the index delivery n=3898
« Sex of birthing parent male or missing n=166

« Time between subsequent pregnancies <161d n=87

Live births to nonimmigrant females
residing in low-income areas

n=266191

Figure 1: Flow diagram of cohort creation. Note: OHIP = Ontario Health Insurance Plan.

Maternal duration of residence and SNMM

The risk of SNMM declined among newborns of immigrants with
shorter duration of residence in Ontario, relative to newborns of
immigrants who had resided in Ontario for 20 years or more
(Figure 2).

Sensitivity analyses

After removing the 2 nondiagnostic indicators (gestational
age at birth < 32 weeks and birthweight < 1500 g) from the
SNMM composite, the risk estimates were largely unchanged
(Appendix 1, Table S4). Rates of SNMM were higher among new-
borns delivered before 32 weeks’ gestation versus those born at
or after 32 weeks’ gestation (Appendix 1, Table S5). Within both
gestational age strata, newborns of immigrant females had a
lower risk of SNMM than those of nonimmigrant females, espe-
cially those born at or after 32 weeks’ gestation (Appendix 1,
Table S5). Inclusion of stillbirths and live births within the
cohort did not materially change the risk estimates (Appendix 1,
Table S6).

Interpretation

In this cohort of publicly insured females residing in low-income
urban neighbourhoods in Ontario, newborns of immigrant females
had an overall substantially lower risk of SNMM than newborns of
nonimmigrant females. However, this association varied by mater-
nal birthplace and duration of residence in Ontario. The risk of
SNMM was higher among newborns of immigrants from the Carib-
bean world region; at a country level, those from Jamaica and
Ghana; and those with a longer duration of residence in Ontario.

Our findings suggest that within low-income areas, newborns
of immigrant females appear to have better neonatal outcomes
than newborns of nonimmigrant females. This may be partly
explained by the Healthy Immigrant Effect, which wanes with
increasing duration of residency,”®™ as described by the Conver-
gence Hypothesis.” In addition, the Immigrant Paradox
describes better health outcomes among immigrants than the
native population within the host country, despite immigrants
facing greater barriers to health care access.*>™72
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Table 1 (part 1 of 2): Characteristics of births among immigrant and nonimmigrant females residing in a

low-income urban neighbourhood*

No. (%) of birthst 3
Immigrants Nonimmigrants Standardized :l':
Characteristic n=148050 n=266191 differencef g_
Newborn
Birth weight, g, mean + SD 3254 + 544 3351+583 0.2
Gestational age at birth, wk, mean + SD 38.8+1.9 38.8+2.0 0.03
Preterm birth (< 37 wk) 9453 (6.4) 20019 (7.5) 0.05
Any structural congenital anomaly diagnosed at the index 6489 (4.4) 14 184 (5.3) 0.04
birth admission
Maternal
Age at the index birth, yr, mean + SD 30.6+5.2 27.9+5.9 0.5
Age category at the index birth, yr
15-19 1678 (1.1) 20115 (7.6) 0.3
20-29 61024 (41.2) 142 215 (53.4) 0.3
30-39 78476 (53.0) 96 975 (36.4) 0.3
40-50 6872 (4.6) 6886 (2.6) 0.1
Parity
0 59397 (40.1) 121 483 (45.6) 0.1
1 55488 (37.5) 85388 (32.1) 0.1
2 21879 (14.8) 36383 (13.7) 0.03
>3 11286 (7.6) 22937 (8.6) 0.04
Duration of residence in Ontario at the index birth, median 4.9 (2.3-9.9) - -
(IQR), yr§
World region of origin§
Caribbean 12 028 (8.1) - -
East Asia and Pacific 35276 (23.8) - -
Western Nations and Europe 12 994 (8.8) - -
Latin America 9684 (6.5) - -
Middle East and North Africa 13812 (9.3) - -
South Asia 52428 (35.4) - -
Sub-Saharan Africa 11790 (8.0) - -
Missing 38 (0.03) - -
Year of arrival§ = =
1985-1990 6591 (4.5) = =
1991-2001 48913 (33.0) = =
2002-2010 69 230 (46.8) = =
2011-2017 23316 (15.7) = =
Age at arrival§, yr, mean + SD 23.7+7.4 - -
Age category at arrival§, yr
Infancy-9 7940 (5.4) - -
10-19 28 174 (19.0) = -
20-29 80016 (54.0) = =
30-39 31263 (21.1) = =
40-50 657 (0.4) = =
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Table 1 (part 2 of 2): Characteristics of births among immigrant and nonimmigrant females residing in a

low-income urban neighbourhood*

Characteristic

English and/or French language ability§
Yes
No
Missing
Highest level of education§
Secondary school or less

Trade certificate or diploma, or some
university

University degree
Graduate degree
Missing
Immigration class§
EconomicY|
Sponsored family**
Duration of residence in Ontario at index birth, yr§
<10
=10

Note: IQR = interquartile range, SD = standard deviation.

No. (%) of birthst

Immigrants Nonimmigrants Standardized
n=148050 n=266191 differencet

92160 (62.2) = =
55833 (37.7) = =
57 (0.04) = =

78 841 (53.3) = =
22286 (15.1) = =

35405 (23.9) = =
11013 (7.4) = =
505 (0.3) - _

52184 (35.2) = =
95 866 (64.8) = =

111 626 (75.4) = =
36424 (24.6) = -

*Data are limited to births to females who resided in an urban neighbourhood of the lowest income quintile and who had a singleton, in-hospital live birth
at 20-42 weeks’ gestation in Ontario, Canada, from 2002 to 2019. Immigrant female group excludes refugee immigrants.

TUnless indicated otherwise.

1A standardized difference > 0.10 is considered to be clinically meaningful.©

§On arrival in Canada (immigrants only).

Yimmigrant female or her family member (if she was a child) selected for their skills and ability to contribute to Canada’s economy.
**Immigrant female or her family member (if she was a child) sponsored by a Canadian citizen or a permanent resident living in Canada (aged = 18 yr).

Table 2: Risk of severe neonatal morbidity and neonatal mortality (SNMM) arising in the index birth admission

and up to 27 days thereafter, comparing newborns born to immigrant and nonimmigrant females*

Adjusted absolute
No. with SNMM risk difference
(rate per 1000 Unadjusted RR Adjusted RR per 1000 live births
Exposure group live births) (95% CI)t (95% CI)t% (95% CI)t%
Nonimmigrants (n =266 191) 17457 (65.6) 1.00 (Ref.) 1.00 (Ref.) 0.0 (Ref.)
Immigrants (n = 148 050) 7352 (49.7) 0.76 (0.74 t0 0.78) 0.76 (0.74 t0 0.79) -15.2 (-16.6 to -13.8)

Note: Cl = confidence interval, Ref. = reference category, RR = relative risk.

*Data are limited to births to females who resided in an urban neighbourhood of the lowest income quintile and who had a singleton, in-hospital live birth
at 20-42 weeks’ gestation in Ontario, Canada, from 2002 to 2019. Immigrant group excludes refugee immigrants.

tUsing modified Poisson regression with a robust error variance. Generalized estimating equations with an exchangeable correlation structure accounted
for correlated errors of potentially more than 1 birth clustered within the same mother.

tAdjusted for maternal age (15-19 yr, 20-29 yr, 30-39 yr, 40-50 yr), parity (0, 1, 2, = 3) and any structural congenital anomaly (yes or no).

Our findings also suggest that the Healthy Immigrant Effect
may transfer from a recent immigrant female to her newborn, as
evidenced by a lower risk of SNMM, with some variation by
maternal country of origin. Immigrant females who are healthier
and more resilient may be most capable of migration; the immi-
gration policy of a host country may preferentially select healthy

immigrants.”™ Another explanation may be that some immigrants
have greater net income, educational achievement and health
literacy than the average for a low-income neighbourhood. In
contrast, some nonimmigrants may experience multigenera-
tional poverty. The observed relation between shorter maternal
duration of residence and lower SNMM may be owing to the
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Table 3: Odds ratio of having a higher number of severe neonatal morbidity and neonatal mortality (SNMM) indicators versus

having 0 SNMM indicators in the index birth admission and up to 27 days thereafter, comparing newborns born to immigrant
and nonimmigrant females* 1t

Newborns with 1 SNMM indicator 1

Newborns with 2 SNMM indicators 1%

Newborns with =3 SNMM indicators t1

No. (rate per Adjusted OR No. (rate per Adjusted OR No. (rate per Adjusted
Exposure group 1000 live births) (95% CI)89 1000 live births) (95% CI1)89 1000 live births) OR (95% CI)§9
Nonimmigrants 9078 (34.1) 1.00 (Ref.) 3368 (12.7) 1.00 (Ref.) 5011 (18.8) 1.00 (Ref.)
(n=266191)
Immigrants 3803 (25.7) 0.74 (0.71t0 0.76) 1310(8.8) 0.68 (0.64 t0 0.73) 2239 (15.1) 0.82 (0.78 to 0.86)
(n =148 050)

Note: Cl = confidence interval, OR = odds ratio, Ref. = reference category.

*Data are limited to births to females who resided in an urban neighbourhood of the lowest income quintile and who had a singleton hospital livebirth at 20-42 weeks’ gestation in

Ontario, Canada, from 2002 to 2019. Immigrant female group excludes refugee immigrants.

1248 734 (93.4%) newborns born to nonimmigrant females had 0 SNMM indicators.
1140 698 (95.0%) newborns born to immigrant females had 0 SNMM indicators.

§Using multinomial logistic regression. Generalized estimating equations with an independent correlation structure accounted for correlated errors of potentially more than 1 birth

clustered within the same mother.

9YAdjusted for maternal age (15-19 yr, 20-29 yr, 30-39 yr, 40-50 yr), parity (0, 1, 2, = 3) and any structural congenital anomaly (yes or no).

Table 4: Risk of severe neonatal morbidity and neonatal mortality (SNMM) arising in the index birth admission and up to 27 days

thereafter, comparing newborns of immigrants from each world region of origin and those of nonimmigrant females*

Adjusted absolute
No. with SNMM risk difference
(rate per 1000 Unadjusted RR Adjusted RR (per 1000 live births,
Maternal world region of origint live births) (95% CI)t (95% CI)+§ 95% Cl)1§
Nonimmigrant (n =266 191) 17 457 (65.6) 1.00 (Ref.) 1.00 (Ref.) 0.0 (Ref.)

South Asia (n =52 428) 2368 (45.2)
Middle East and North Africa (n =13 812) 625 (45.3)
East Asia and Pacific (n =35 276) 1625 (46.1)
Latin America (n =9684) 492 (50.8) 0.77
Western Nations and Europe (n =12 994) 665 (51.2)
Sub-Saharan Africa (n =11 790) 712 (60.4)
Caribbean (n=12 028) 863 (71.7)

Note: Cl = confidence interval, Ref. = reference category, RR = relative risk.

0.69 (0.66 t0 0.72) ( )
0.69 (0.64 to 0.75) ( )
0.70 (0.67 to 0.74) ( )

0.71t0 0.85) 0.79 (0.73 0 0.87)
0.78 (0.72 to 0.84) ( )
0.93 (0.86 to 1.00) ( )
1.10 (1.02 to 1.17) ( )

0.72 (0.69t0 0.75
0.70 (0.65t0 0.76
0.67(0.64t0 0.71

-18.5 (~20.4 to -16.6)
-19.0 (-22.5to -15.5)
-21.2 (-23.5t0-18.9)
-13.4 (-17.7t0-9.1)
-12.9 (-16.8 t0 -9.1)
-4.6 (9.0 t0 -0.3)
5.1(0.6t0 9.6)

0.77 (0.71t0 0.83
0.94(0.87to 1.01
1.12(1.04to 1.19

*Data are limited to births to females who resided in an urban neighbourhood of the lowest income quintile and who had a singleton, in-hospital live birth at 20-42 weeks’ gestation in

Ontario, Canada, from 2002 to 2019, excluding refugee immigrants.
TExcludes 38 births to females missing world region of birth.

tUsing modified Poisson regression with a robust error variance. Generalized estimating equations with an exchangeable correlation structure accounted for correlated errors of

potentially more than 1 birth clustered within the same mother.

§Adjusted for maternal age (15-19 yr, 20-29 yr, 30-39 yr, 40-50 yr), parity (0, 1, 2, = 3) and any structural congenital anomaly (yes or no).

movement of immigrant females whose newborns are at lowest
risk of SNMM, out of low-income areas soon after their arrival to
Ontario, while those who are similar to nonimmigrants remain in
low-income neighbourhoods.

Previous studies have evaluated immigrant status®!®1" or area-
level income!?®® as independent risk factors for SNM, including
some that used race and ethnicity as predictors of SNM.1%2 One
Australian study found no association between immigrant status
and SNM, but used an SNM composite with 3 indicators and no pro-
cedures.® Previous Canadian research has yielded similar findings
to our current study; however, the study cohorts in those and our
current study overlap somewhat. One study used a composite out-

come measure like ours, and observed a similar relation between
immigrant status and SNM in Ontario.® Other studies observed that
the risk of adverse perinatal outcomes varied by maternal birth-
place, including a higher risk among immigrant females from the
Caribbean region, and countries such as Jamaica and Ghana, com-
pared with Canadian-born females.*#°

The current study complements our previous research on
neighbourhood income level and risk of concomitant preterm
birth and small-for-gestational-age birth weight, by identifying
attributes of mother-infant pairs who are at higher risk of
adverse neonatal outcomes within lowest-income neighbour-
hoods.*> Collectively, the findings from this current study and
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Table 5: Risk of severe neonatal morbidity and neonatal mortality (SNMM) arising in the index birth

admission and up to 27 days thereafter, among newborns of immigrant mothers from the 20 countries
contributing the greatest number of births in Ontario, relative to newborns of nonimmigrant females*

Maternal country of birth
exposure groupt

Nonimmigrant (n =266 191)

No. with SNMM
(rate per 1000 live births)

17 457 (65.6)

Unadjusted RR
(95% CI)*

1.00 (Ref.)

Adjusted RR
(95% CI)1§

1.00 (Ref.)

China (n=13077) 389 (29.7) 0.45 (0.41 to 0.50) 0.44 (0.40 to 0.48)
Lebanon (n = 1863) 62 (33.3) 0.51 (0.40 to 0.65) 0.52 (0.41t0 0.67)
Vietnam (n = 3738) 130 (34.8) 0.53 (0.45 t0 0.63) 0.54 (0.46 to 0.64)
Poland (n=1616) 58 (35.9) 0.55 (0.43t0 0.71) 0.55 (0.42 to0 0.70)
Sri Lanka (n=7797) 329 (42.2) 0.64 (0.58 t0 0.72) 0.66 (0.60 to 0.74)
Pakistan (n =15 158) 641 (42.3) 0.64 (0.60 to 0.70) 0.68 (0.63 t0 0.73)
India (n=21123) 966 (45.7) 0.70 (0.66 to 0.74) 0.73 (0.68 t0 0.77)
Iraq (n=2175) 102 (46.9) 0.71(0.58 t0 0.87) 0.74 (0.61 t0 0.90)
Afghanistan (n =2619) 132 (50.4) 0.77 (0.65 to 0.91) 0.82 (0.69 to 0.98)
Nigeria (n=1579) 83(52.6) 0.80 (0.65 to 0.99) 0.78 (0.63 t0 0.97)
Romania (n = 1281) 68 (53.1) 0.81 (0.64 to 1.02) 0.76 (0.60 to 0.95)
Bangladesh (n =5156) 275 (53.3) 0.81 (0.72 t0 0.91) 0.84 (0.75 to 0.94)
Philippines (n =15 084) 968 (64.2) 0.98 (0.92 to 1.04) 0.93 (0.87 to 0.99)
Somalia (n=2131) 113 (53.0) 0.82 (0.68 t0 0.98) 0.84 (0.70 to 1.01)
Iran (n = 1644) 99 (60.2) 0.92 (0.76 to 1.11) 0.84 (0.69 to 1.01)
Ethiopia (n =2075) 125 (60.2) 0.92 (0.77 to 1.10) 0.92 (0.77 to 1.10)
Guyana (n = 3538) 215 (60.8) 0.93 (0.81 to 1.06) 0.95 (0.83 to 1.08)
Trinidad and Tobago (n = 1555) 100 (64.3) 0.98 (0.81t0 1.19) 0.98 (0.81 to 1.20)
Jamaica (n=7971) 580 (72.8) 1.11(1.03to 1.21) 1.14 (1.05 to 1.23)
Ghana (n=2731) 207 (75.8) 1.16 (1.01 to 1.34) 1.20 (1.05 to 1.38)

Note: CI = confidence interval, Ref. = reference category, RR = relative risk.

*Data are limited to births to females who resided in an urban neighbourhood of the lowest income quintile and who had a singleton, in-hospital live birth at
20-42 weeks’ gestation in Ontario, Canada, from 2002 to 2019, excluding refugee immigrants.

TExcludes 38 births to females missing world region of birth, and 34 101 births to females not originating from 1 of the top 20 countries.

tUsing modified Poisson regression with a robust error variance. Generalized estimating equations with an exchangeable correlation structure accounted for
correlated errors of potentially more than 1 birth clustered within the same mother.

§Adjusted for maternal age (15-19 yr, 20-29 yr, 30-39 yr, 40-50 yr), parity (0, 1, 2, = 3) and any structural congenital anomaly (yes or no).

recent data about SMMM among females residing in low-income
neighbourhoods*” suggest that immigrant females and their
newborns each have an overall lower risk of adverse birth out-
comes than their Canadian-born counterparts.

This study highlights the importance of evaluating health out-
comes like SNMM within area-level, constrained income groups,
particularly when there is a known gradient effect across income
levels. This approach can identify pregnant parents and newborns
at highest risk, who stand to benefit the most from targeted
screening, surveillance and services. Our findings also suggest that
not all immigrants appear to experience the Healthy Immigrant
Effect, which further emphasizes the importance of within-
neighbourhood research to inform policy and practice regarding
the needs of immigrants and their infants in low-income areas. The
needs of nonimmigrants and their infants within low-income areas
may not be uniform, and future studies should evaluate the multi-
generational attributes of nonimmigrant populations. Further-
more, our findings underscore a need to move beyond using a
dichotomous approach to immigrant status (i.e., immigrant v. non-

immigrant) in policy, practice and research. Such aggregation bias,
where distinct but smaller subgroups are categorized together,
masks important nuances among immigrant subgroups.”™

Limitations
We excluded multifetal pregnancies from the cohort, and find-
ings may not be applicable to those newborns.™ A few stillbirths
and neonatal deaths may have been missed within the data
sets.™ Although the secondary outcome of the number of SNMM
indicators has not been validated, it was akin to our approach in
a previous study, where we observed that maternal mortality
was exponentially associated with the number of severe mater-
nal morbidity indicators.®

A small proportion of immigrant females may not have been
linked to the Immigration, Refugees and Citizenship Canada
Permanent Residents database and would have therefore been
classified as nonimmigrants (i.e., Canadian-born). This may have
occurred if their immigration record was missing or if they entered
Ontario before 1985 or via another province. Such misclassification
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Figure 2: Adjusted relative risk (RR) of severe neonatal morbidity and neonatal mortality (SNMM) arising in the index birth admission and up to 27 days
thereafter by declining duration of residence in Ontario. Those residing in Ontario for at least 20 years are the reference group. Data are restricted to
immigrant females residing in urban neighbourhoods of the lowest income quintile, and who had a singleton, in-hospital live birth at 20-42 weeks’ ges-
tation in Ontario, Canada, from 2002 to 2019. Analysis adjusted for maternal age (15-19 yr, 20-29 yr, 30-39 yr, 40-50 yr), parity (0, 1, 2, = 3), any structural
congenital anomaly (yes or no), world region of birth (Caribbean, East Asia and Pacific, Latin America, Middle East and North Africa, South Asia, Sub-
Saharan Africa, Western Nations and Europe), and the following variables at arrival to Canada: highest level of education (secondary school or less; trade
certificate or diploma, or some university; university degree; graduate degree), English and/or French language ability (yes or no) and immigration class
(economic, sponsored family). Analysis excludes 266 191 nonimmigrant females, 505 immigrant females missing highest level of education at arrival to
Canada, 38 females missing world region of birth and 18 immigrant females missing English and/or French language ability at arrival to Canada. Note:

Cl = confidence interval.

would tend to bias the results toward the null. We did not include
refugees or other special-status immigrants in the study because
they may have lacked an OHIP number for data linkage. Further-
more, as refugees tend to have different migration experiences
(e.g., nonvoluntary migration and secondary migration) than non-
refugee immigrants, our findings may not be generalizable to their
newborns. Even so, newborns in both refugee and nonrefugee
immigrant groups may experience similar degrees of SNMM. ¢

This study focused on newborns among females living in urban
areas, so findings may not be generalizable to those living in low-
income rural areas,™ given differences in health care access and
health indicators between urban and rural residents.” Neighbour-
hood income quintile reflects area-level income status;™ however,
details of individual-level income were unavailable. A female lack-
ing an up-to-date residential address may have been incorrectly
assigned to the wrong neighbourhood income quintile, but the like-
lihood of this is low, given her active use of OHIP for antenatal and
delivery care. Nonindependence may also have been present owing
to clustering by geography (e.g., females in the same neighbour-
hood may be more similar than those in different neighbourhoods).

Data were not available on certain sociodemographic factors
among nonimmigrants. Among immigrants, early life exposures and
obstetrical events pre-migration were also unknown. In addition,
we had no information on psychosocial, employment and behav-
joural factors (e.g., smoking, substance use), as well as measures of
obesity and quality of care, potentially leading to residual con-
founding in all analytical models. Differences in SNMM between
newborns of immigrant and nonimmigrant females, and by immi-
grant country of origin, may be explained by these factors. Future
research is needed to clarify if the disparities we observed are
owing to unmeasured confounders or true differences.

Conclusion

Among females residing in low-income urban areas in Ontario, new-
borns of immigrants had a considerably lower risk of SNMM than
nonimmigrants. However, that risk varied by maternal birthplace
and duration of residence in Ontario. Efforts should be aimed at
improving the overall health and well-being of all females residing in
low-income areas, and at determining if the risk of adverse birth
outcomes can be equitably reduced among immigrant and non-
immigrant groups. Research should also focus on females originat-
ing from specific countries and their newborns, who may require
additional monitoring and interventions in the perinatal period.
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