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Deprivation and mortality related to pediatric respiratory
tract infection: a cohort study in 3 high-income jurisdictions
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Laura Rosella PhD, Ruth Gilbert PhD, Astrid Guttmann MDCM MSc, Pia Hardelid PhD

Background: Deaths from respiratory tract infections (RTIs) in children are preventable through timely access to public health and
medical interventions. We aimed to assess whether socioeconomic disparities in mortality related to pediatric RTI persisted after
accounting for health status at birth.

Methods: We compared the prevalence of and risk factors for RTl-related death in singletons aged 28 days to 4 years across
Ontario (Canada), Scotland and England (jurisdictions with universal health care) using linked administrative data for 2003-2013. We
estimated rates of RTl-related mortality for children living in deprived areas and those born to teenage girls; we estimated both crude
rates and those adjusted for health status at birth.

Results: A total of 1299 240 (Ontario), 547 556 (Scotland) and 3 910 401 (England) children were included in the study. Across all
jurisdictions, children born in the most deprived areas experienced the highest rates of RTl-related mortality. After adjustment for
high-risk chronic conditions and prematurity, we observed differences in mortality according to area-level deprivation in Ontario and
England but not in Scotland. In Ontario, teenage motherhood was also an independent risk factor for RTI-related mortality.

Interpretation: Socioeconomic disparities played a substantial role in child mortality related to RTI in all 3 jurisdictions. Context-
specific investigations around the mechanisms of this increased risk and development of programs to address socioeconomic dispar-

ities are needed.

here have been great strides in reducing childhood

mortality over the past century. Globally, the mor-

tality rate among children less than 5 years of age
declined by more than 50% during the period of the United
Nations Millennium Development Goals, decreasing from
90 to 43 deaths per 1000 live births between 1990 and 2015.!
However, there are still improvements to make, in both
developing and developed nations.”* Respiratory tract infec-
tions (RTTs), such as pneumonia and bronchiolitis, are avoid-
able causes of mortality and are the third most common
cause of death worldwide in children less than 5 years.**

It is well known that children born preterm or with certain
congenital anomalies or other chronic conditions are at
increased risk for both all-cause mortality and RTI-related
mortality.”” However, deaths from RTTs are considered to be
readily preventable through timely access to appropriate pub-
lic health or medical interventions, including vaccination, pas-
sive immunization through palivizumab administration and
antibiotic treatment.*'* In this study, we aimed to assess
whether socioeconomic disparities in mortality related to
pediatric RTIs in jurisdictions with universal access to phys-
ician and hospital care persisted after health status at birth was
accounted for.

© 2020 Joule Inc. or its licensors

We sought to compare the rates of RTI-related death using
nationally representative birth cohorts from 3 jurisdictions —
Ontario (Canada’s most populous province), Scotland and
England — to determine the contribution of socioeconomic
risk factors to RTI-related deaths among children less than
5 years of age, taking clinical risk factors at birth into account.
These jurisdictions, all generally comparable, high-income,
English-speaking regions with publicly funded universal
health care systems, have implemented prevention programs
for bacterial and viral pathogens causing RTTs (e.g., pertussis,
Hemophilus influenzae type B, influenza and pneumococcal)
(Appendix 1, Supplemental Table S1, available at www.
cmajopen.ca/content/8/2/E273/suppl/DCL1).
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Study population

We identified outcomes from the age of 28 days until the day
before the fifth birthday via linkage between birth registra-
tion, hospital admission and mortality registration data sets to
create 3 nationally representative birth cohorts. Singleton
children born to resident women between Dec. 4, 2002, and
Dec. 4, 2012 (i.e., reaching 28 days of age by Jan. 1) were
included. We identified outcomes until the earliest of death,
moving out of province, the child’s fifth birthday or Dec. 31,
2013 (i.e., end of follow-up). We excluded multiple births
since data for these children are prone to linkage error.!! We
excluded neonatal deaths (i.e., occurring before 28 d) to
reduce bias related to differences in neonatal death certifi-
cates, and classification of stillbirths and early neonatal deaths
between jurisdictions.!”> We excluded babies with a birth
weight less than 500 g or born before 24 weeks’ gestation to
avoid including stillbirths and to reduce possible bias based on
different clinical approaches to resuscitating infants of
extremely low birth weight across the 3 jurisdictions.

Data sources

We created the Ontario birth cohort using the MOMBABY
database, a linked database of maternal and newborn records
covering all hospital births in the province since 1988.
MOMBABY is a derived birth registry that has been linked to
other health care and death records (linkage rates of mothers
and babies exceeded 98% and rate of linkage to death records
was 96.2% for the study period)"® by means of a unique coded
identifier'* and analyzed at ICES.

We identified the Scottish birth cohort from linked birth
registration, maternity records (Scottish Morbidity Record-02)
and Scottish Birth Records (which cover neonatal diagnoses),
with follow-up through hospital admission (Scottish Morbidity
Record-01) and death records. The Scottish databases were
linked with the use of the Community Health Index number, a
unique personal identifier used in all interactions within the
Scottish National Health Service; linkage rates exceeded
99.8% during the study period."”

We derived the birth cohort for England via linkage
between delivery and birth records in the Hospital Episode
Statistics Admitted Patient Care database, which covers 97%
of all births in England.'**® Birth and hospital admission
records and mortality records were linked longitudinally by
the data provider, National Health Service Digital, using a
deterministic algorithm based on a unique personal identi-
fier.! Further details about the linked data sets can be found
in Appendix 1, Supplemental Table S2.

Outcomes

We defined a death related to RTT as any noninjury death
where an RTT was listed as any cause of death on the death
certificate or as any diagnosis on a hospital record with a date
of discharge up to 30 days before the date of death. We identi-
fied RTTs using International Statistical Classification of Diseases
and Related Health Problems, 10th Revision codes A37 (pertus-
sis), A15-A19 (tuberculosis), B97.4 (respiratory syncytial virus)
and J00-J22 (acute upper and lower respiratory infections).
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We defined injurious deaths as deaths where the underlying
cause was coded as an external cause, i.e., diagnostic codes
V00-Y99. Owing to variabilities in the reporting and coding
of confirmed respiratory pathogens, we did not further assess
outcomes according to specific respiratory pathogens.

Risk factors

We examined risk of RTI-related death according to age, sex,
birth characteristics, presence of high-risk chronic conditions
and socioeconomic status, as operationalized through area-
level deprivation quintiles and maternal age. We selected
these factors given their known association with health out-
comes and common availability across all 3 jurisdictions.

All analyses were age-stratified, i.e., 28-364 days and
1-4 years, as there are large differences in the magnitude and
drivers of mortality risks in these 2 age groups.” We derived
birth weight from maternity records (Ontario and Scotland)
or hospital birth or delivery episodes (England) and subse-
quently coded it into a 6-level categoric variable: less than
1500 g, 1500-2499 g, 2500-2999 g, 3000-3499 g, 3500—
3999 g and 4000 g or more. We coded gestational age into a
S-level categoric variable: early preterm (< 34 wk), late pre-
term (34-36 wk), early term (37-38 wk), term (39-40 wk) and
late term (= 41 wk).

Ontario’s criteria for prophylaxis of respiratory syncytial
virus prophylaxis are based on recommendations from leading
organizations such as the American Academy of Pediatrics?®
and the Canadian Paediatric Society.”! We used clinical judg-
ment and these criteria to derive a list of diagnostic codes
(Appendix 1, Supplemental Table S3) indicating chronic con-
ditions associated with an increased risk of severe symptoms
of RTTs in children, following an existing categorization of
pediatric chronic conditions.’»?”* To identify these high-risk
conditions, we searched any cause of death code recorded on
the child’s death certificate or an associated hospital admission
(within 30 d of death) where the discharge date was before the
child’s first birthday (age 28-364 d) or before the fifth birth-

day (age 1-4 yr).

Exposure of interest

Socioeconomic status was the main exposure of interest. We
defined it using maternal age and small-area—level depriva-
tion. Young maternal age is associated with material disadvan-
tage in all 3 jurisdictions’® and was therefore chosen as an
indicator of individual-level deprivation. We coded maternal
age as follows: less than 19, 19-24, 25-29, 30-34, 35-39, and
40 or more.

For Ontario, we used the 2006 Ontario Marginalization
Index to determine material deprivation level, which com-
bines 6 indicators of material deprivation: lone-parent
families; people aged 25 years or more without any post-
secondary training; income from social benefits programs;
unemployment rates among those aged 15 years or more;
people below the poverty line; and number of houses need-
ing a major repair.® The Ontario Marginalization Index is
applied at Canada’s smallest census area, the dissemination
area (population 400-700).%



For Scotland, we defined area-level deprivation using the
Carstairs index, which combines 4 indicators of material
deprivation: social class, household overcrowding, car owner-
ship and male unemployment, as measured by the 2001 and
2011 censuses.”® The Carstairs index applies at the level of
postcode sector (average population 5000).%¢

For England, we defined area-level deprivation using the
Index of Multiple Deprivation, which is based on 7 distinct
domains: employment; income; health deprivation and dis-
ability; educational skills and training; barriers to housing and
services; crime; and living environment.”” The index covers an
average population of 1500.%

For all 3 jurisdictions, we mapped the area-level depriva-
tion indicator to the maternal postal code or postcode at
delivery. To ensure relative comparability, we coded each
indicator into jurisdiction-specific quintiles based on the dis-
tribution across the whole population.

Statistical analysis

We calculated all-cause mortality rates and rates of RTI-
related mortality per 100 000 child-years overall and accord-
ing to each risk factor. We constructed Kaplan—Meier plots to
visualize unadjusted survival curves for RTI-related mortality
according to area-level deprivation. We used Cox propor-
tional hazards regression models to estimate hazard ratios
(HRs) and 95% confidence intervals (Cls). We included ges-
tational age, sex and the presence of high-risk chronic condi-
tions (recorded before 1 or 5 yr of age), as well as the depriva-
tion indicators (area-level deprivation and maternal age). We
carried out Cox proportional hazards modelling separately for
children aged 28-364 days and 1-4 years. We assessed the
proportionality of hazards between deprivation groups by
testing and inspecting Schoenfeld residuals after Cox model
fitting. Statistical analyses were carried out with Stata version
15 (StataCorp) for England and Scotland, and SAS version 9.4
(SAS Institute) for Ontario.

Ethics approval

All analyses were run in parallel for each jurisdiction, as pri-
vacy legislation did not allow for the sharing or combining of
individual-level patient data. Ethics approval was obtained
through the Research Ethics Board at The Hospital for Sick
Children, Toronto, and the Public Benefit and Privacy Panel
for Scotland. The English data were exempt from English
research ethics approval because the study involved analysis of
an existing pseudonymized data set.”8

A total of 1299 240 (Ontario), 547 556 (Scotland) and
3910401 (England) children were included in the study.
The distribution of sex, gestational age and maternal age
were broadly similar across jurisdictions (Table 1). Ontario
had a higher proportion of early-term births (26.1% v.
16.2% in Scotland and 18.5% in England), and Scotland
had a higher proportion of teenage mothers (4.1% v. 3.6%
in England and 2.1% in Ontario). England had the highest
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proportion of children recorded as having high-risk chronic
conditions, and Ontario had the lowest.

There were 2065 all-cause deaths among children less than
5 years of age in Ontario, 1091 in Scotland and 7195 in Eng-
land. In all, 309 children in Ontario, 196 children in Scotland,
and 1647 children in England died from an RTT, accounting
for 15.0%, 18.0% and 22.9%, respectively, of all-cause deaths
in children in this age group. Over the 10-year study period,
both overall mortality rates and rates of RTI-related mortality
were lowest in Ontario (Appendix 1, Supplemental Tables S4
and S5). In all 3 jurisdictions, more than 60% of all-cause
deaths and 80% of RTI-related deaths among children aged
28 days to less than 5 years occurred in those with at least
1 high-risk chronic condition.

The adjusted Cox HRs for RTI-related death among chil-
dren aged 28-364 days are presented in Figure 1 and Appen-
dix 1, Supplemental Table S6. Independent of birth charac-
teristics and deprivation quintile, children born to teenaged
girls were at increased risk for RTT-related death in Ontario
but not in Scotland or England. Independent of birth charac-
teristics and maternal age, children born in the most deprived
areas had higher rates of RTI-related death than those in the
least deprived areas in all jurisdictions; however, this differ-
ence was not statistically significant for Scotland.

The adjusted HRs for RTI-related mortality for children
aged 1-4 years are shown in Figure 2 and Appendix 1, Sup-
plemental Table S7. Again, children born to teenaged girls
were at increased risk for RTI-related death in Ontario but
not in England or Scotland. In contrast, children born in
more deprived areas were at increased risk compared to those
born in the least deprived areas in England and Scotland but
not in Ontario.

Across all jurisdictions, children born in more deprived
areas experienced increasingly higher rates of RTI-related
mortality (Figure 3). There was evidence that the effect of
deprivation stratified in the 2 age groups (28-364 d and
1-4 yr) was not proportional in Scotland and Ontario but
appeared proportional in England.

We identified area-level socioeconomic disparities in the risk
of RTI-related death among children in England and
Ontario, 2 high-income jurisdictions with universal health
care programs, even after adjustment for risk factors such as
prematurity and high-risk chronic conditions.

Teenage motherhood was a significant risk factor among
children born in Ontario but not in England or Scotland. We
hypothesize that this may be due to differences in support sys-
tems for young mothers*****% and may also reflect higher rates
of teenage pregnancy, along with increased all-cause infant
mortality rates, in Indigenous populations.’! In a study using
data from 2002-2006, the rate of teenage motherhood was
more than 5 times greater among Indigenous women than
non-Indigenous women in Canada, and the rate of all-cause
infant mortality was more than 2 times greater;’! however, to
our knowledge, the combination of these 2 factors has not
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Table 1: Selected risk factors for death related to respiratory tract infection among children
born in Ontario, Scotland and England, Dec. 4, 2002, to Dec. 4, 2012

No. (%) of births

Gestational age, wk

<34 18 320 (1.4)
34-36 62 284 (4.8)
37-38 339 699 (26.1)
39-40 711 726 (54.8)
> 41 166 832 (12.8)
Missing 379 (0.03)

High-risk chronic 66 693 (5.1)

condition before 1 yr

High-risk chronic 85 942 (6.6)

condition before 5 yr

Maternal age, yr

<19 27 357 (2.1)
19-24 189 837 (14.6)
25-29 359 657 (27.7)
30-34 429 301 (33.0)
35-39 217 388 (16.7)
>40 45127 (3.5)
Missing 30573 (2.4)

Area-level deprivation quintile

1st (least deprived) 302 124 (23.2)

2nd 232 319 (17.9)
3rd 229 629 (17.7)
4th 230 381 (17.7)

5th (most deprived) 284 619 (21.9)

(
20 168 (1.6)

Missing

Ontario Scotland England
Risk factor n=1299 240 n = 547 556 n=23910 401
Sex
Male 667 246 (51.4) 281 123 (51.3) 2004 857 (51.3)
Female 631994 (48.6) 266 433 (48.7) 1905 544 (48.7)

8041 (1.5)
22 235 (4.1)
88 585 (16.2)

271 895 (49.7)
133 816 (24.4)

56 759 (1.4)
164 494 (4.2)
722 741 (18.5)
2009 458 (51.4)
956 949 (24.5)

22 984 (4.2) 0 (0.0)
30 836 (5.6) 357 034 (9.1)
47 240 (8.6) 436 556 (11.2)
22721 (4.1) 139 427 (3.6)

113 598 (20.7)
137 616 (25.1)
148 481 (27.1)
84 794 (15.5)
17 651 (3.2)
22 695 (4.1)

856 179 (21.9)
1 058 040 (27.1)
1103 519 (28.2)
613 693 (15.7)

139 543 (3.6)

0(0.0)

574 948 (14.7)
609 939 (15.6)
699 106 (17.9)
855 442 (21.9)
1170 966 (29.9)
0(0.0)

98 661 (18.0)
96 337 (17.6)
109 705 (20.0)
115 264 (21.0)
127 589 (23.3)
0(0.0)

been explored. Indigenous families in Canada are also more
likely to have other risk factors for childhood death related to
RTI, such as poor-quality or crowded housing.’’*> These
results highlight the importance of considering context-
specific differences in potential mechanisms underlying socio-
economic inequities in pediatric health outcomes, particularly
health-care-amenable conditions, such as RTT-related death.
This study adds to a rich body of literature showing that
socioeconomic disparities in amenable pediatric mortality
continue to exist.'®3%3334 It also adds to a smaller body of liter-
ature providing standardized, cross-jurisdictional comparisons
of disparities in childhood mortality. Notably, Zylbersztejn
and colleagues'® used a similar standardized approach to com-
pare childhood mortality in England and Sweden and found
stark differences in mortality patterns between the 2 coun-
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tries; these differences were largely associated with variations
in socioeconomic factors, particularly those that increase the
risk of adverse birth outcomes, such as low birth weight. Like
us, they observed that the relative importance of various
socioeconomic factors, including maternal age and socioeco-
nomic status quintile, varied in each of these countries.
Further work is needed to determine how socioeconomic
status may affect access to preventive interventions, such as
vaccination, and timely medical care. Our findings also high-
light the necessity of understanding context-specific drivers
of socioeconomic disparities in health outcomes.”* For exam-
ple, we identified young maternal age as being particularly
associated with increased risk for childhood mortality in
Ontario. A more detailed analysis of the factors underlying
this association in Ontario would be needed to better
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Ontario HR (95% CI)
Maternal age, yr*
<19 2.39(1.10 to 5.20)

(
19-24 1.79(1.12t0 2.88)
25-29 1.42(0.92 to 2.20)
35-39 1.12(0.66 to 1.91)
>40 3.33(1.84 to 6.00)
Area-level deprivation quintilet

5th (most deprived) 1.70(1.07 to 2.71

)
4th 0.92(0.52to 1.61)
3rd 1.02(0.59 to 1.77)
2nd 1.33(0.79 to 2.24)
Scotland
Maternal age, yr*
<19 1.87(0.73 to 4.76)
19-24 1.71(0.96 to 3.04)
25-29 0.90(0.48 to 1.69)
35-39 1.37(0.48 to 2.60)
>40 1.71(0.64 to 4.17)

Area-level deprivation quintilet

5th (most deprived) 1.34(0.70 to 2.45

)
4th 1.83(0.96 to 3.48)
3rd 1.32(0.66 to 2.62)
2nd 0.85(0.39to 1.84)
England
Maternal age, yr*
<19 1.09(0.85 to 1.39)
19-24 1.22(1.07 to 1.40)
25-29 1.03(0.90 to 1.49)
35-39 0.99(0.84 to 1.17)
> 40 1.12(0.85 to 1.46)

Area-level deprivation quintilet

5th (most deprived) 1.78(1.49t0 2.12

)

4th 1.44(1.19 to 1.73)

3rd 1.23 (1.01 to 1.50)

2nd 0.98(0.79 to 1.22)
0.25

2 4 8
Cox hazard ratio

0.5

Figure 1: Adjusted Cox proportional hazard ratios (HRs) for mortality related to respiratory tract infection (RTI) among children aged
28-364 days, by jurisdiction. Adjusted for sex, gestational age, presence of high-risk chronic conditions, maternal age and deprivation quintile.
Based on 170 RTl-related deaths in Ontario, 107 in Scotland and 961 in England. Error bars represent 95% confidence intervals (Cls). “Refer-

ence: 30—34 years. tReference: 1st quintile (least deprived).

understand this association, including any potential modifica-
tion by other factors, such as being an Indigenous person.

Limitations

Since death from RTI is rare, a population-based analysis
including large numbers of children was required. Although this
method allowed for the identification of RTI-related deaths, it
was not possible to determine whether a child died directly as a
result of an RTL.!%% Similarly, owing to variability in and under-
coding of specific causes of RTI-related death, we were unable
to accurately investigate deaths due to specific pathogens.

We used different area-level measures of socioeco-
nomic deprivation in each jurisdiction, since individual-
level data on maternal education or family income were
not available across the 3 jurisdictions. Although each
measure conceptualizes socioeconomic deprivation, they
may measure slightly different constructs and provide dif-
ferent levels of precision, which likely blunted associa-
tions. This may explain why, in contrast to Ontario and
England, we observed no statistically significant associa-
tion between area-level deprivation and RTI-related
mortality in Scotland. Nonetheless, given that quintile
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Ontario HR (95% CI)
Maternal age, yr* T
<19 2.39(~1.16 to 4.96) i \ \
19-24 0.86 (0.50 to 1.48) (R E—
25-29 1.05(0.68 to 1.62) ——
35-39 0.79(0.46 to 1.38) (R B E—
> 40 0.93(0.37 to 2.35) | : :
Area-level deprivation quintilet '
5th (most deprived) 1.26(0.72 to 2.20) n—:—.—|
4th 1.84(1.06 to 3.19) —
3rd 1.13(0.61 t0 2.10) | ;. |
2nd 1.63(0.92 to 2.87) H B |
Scotland i
Maternal age, yr* '
<19 0.72 (0.25 to 2.06) ; |
19-24 0.61(0.32 10 1.14) L
25-29 0.63 (0.34 to 1.16) | —
35-39 1.18 (0.64 to 2.15) : ' |
> 40 0.88 (0.27 t0 2.92) ! |
Area-level deprivation quintilet i
5th (most deprived) 2.30(0.96 to 5.54) H . 1
4th 3.1 (1.3310 7.27) Lo B |
3rd 2.02 (0.82 to 4.98) — B |
ond 2.97 (1.24 10 7.07) L B |
England i
Maternal age, yr* :
<19 1.13(0.82 to 1.57) —
19-24 1.29 (1.07 to 1.54) I
25-29 1.16 (0.97 to 1.39) IR
35-39 1.04 (0.83 to 1.29) »—: -
> 40 1.31 (0.94 t0 1.82) (R
Area-level deprivation quintilet i
5th (most deprived) 2.35(1.84 to 2.99) ! —l—
4th 1.68 (1.30 to 2.17) il
3rd 1.36 (1.04 to 1.79) ——
2nd 1.01 (0.75 to 1.37) |_-—|
|
0.5 1 2 4 8
Cox hazard ratio

Figure 2: Adjusted Cox proportional hazard ratios (HRs) for mortality related to respiratory tract infection (RTI) among children aged 1—4 years,
by jurisdiction. Adjusted for sex, gestational age, presence of high-risk chronic conditions, maternal age and deprivation quintile. Based on
139 RTl-related deaths in Ontario, 89 in Scotland and 686 in England. Error bars represent 95% confidence intervals (Cls). *Reference:

30-34 years. tReference: 1st quintile (least deprived).

measures are compared, each allows for the relative com-
parison of social groups within a jurisdiction.

Furthermore, we could not examine which aspects of depri-
vation, such as maternal education (associated with better access
to childhood vaccination services, for example®’*), over-
crowded or damp housing,*” and exposure to air pollution,*
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were the most important in explaining within-jurisdiction
socioeconomic status gradients in RTI-related mortality. In
particular, exposure to tobacco smoke during pregnancy has
been reported to differ among the 3 jurisdictions: 9.2% of
pregnant women in Ontario smoked tobacco cigarettes in
2010,* compared to recent estimates of 18.8% in Scotland*
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Figure 3: Kaplan—Meier survival curves for mortality related to respiratory tract infection (RTI), by area-level deprivation quintile for
Ontario (A) (n = 1 299 240; 2065 all-cause deaths; 309 RTl-related deaths), Scotland (B) (n = 547 556; 1091 all-cause deaths; 196 RTI-
related deaths) and England (C) (n = 3 910 401; 7195 all-cause deaths; 1647 RTl-related deaths). y axes are shown on different scales.
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and 13.6% in England.® Similarly, there were several covari-
ates that could not be included, such as parental health status,
propensity to seek health care and Indigenous status (in Can-
ada). Thus, there is a risk of residual confounding. This likely
would result in underestimation of the effect of socioeconomic
disparities on child health, as many confounders would be dis-
tally associated with lower socioeconomic status.

We found evidence to suggest that the effects of depriva-
tion were not proportional within the 2 age groups. We
decided against including time interactions to account for
nonproportional hazards, as these would differ by jurisdiction
and hinder comparability of the results. Qualitatively, evidence
of nonproportional hazards further emphasizes that the effect
of social inequities plays out differently in each jurisdiction.

Critically, individual-level vaccination status was not avail-
able in all the jurisdictions included in this study. According
to ecologic estimates (Appendix 1, Supplemental Table S1),
vaccination coverage for common RTTs varied notably across
jurisdictions, despite being publicly funded.** This may
explain some of the variability between jurisdictions in rates
and trends of death from RTI; however, although Ontario
generally had the lowest vaccination coverage rates, rates of
RTT-related death were lowest in that jurisdiction.

Although hospital diagnosis codes generally have high sen-
sitivity and specificity,* the specific codes used to identify
high-risk chronic conditions, based on an existing categoriza-
tion of pediatric chronic conditions,” have not been validated.
"Thus, there is potential for misclassification, the magnitude of
which may vary across jurisdictions given differences in cod-
ing practices, diagnostic guidelines, and funding incentives
based on comorbidity or diagnostic coding accuracy. We also
assumed that children were biologically at risk during the
whole study period, and, thus, we did not consider the time-
dependent nature of some deaths from these conditions in our
analysis. Although this is a limitation of our analysis for any
condition that is time-dependent (e.g., immunosuppressed
states that would only follow cancer treatment), most (80%)
of the high-risk chronic conditions that occurred in the chil-
dren included in this study were diagnosed by the time of
their first birthday. Thus, the analysis of children aged
1-4 years is approximately correct.

Finally, censorship due to outmigration varied across juris-
dictions. As data updates on outmigrated children require
interaction with the health and social care systems, outmigra-
tion was likely underestimated in our study. Depending on
the health status of outmigrating children, this may have
biased the association between socioeconomic status and RTT-
related mortality in either direction.

Conclusion

In children who survived to age 28 days, socioeconomic dis-
parity predicted the likelihood of RTI-related death. This
relation was particularly apparent in Ontario and England,
where area-level deprivation remained associated with RTT-
related mortality even after birth characteristics such as
presence of high-risk chronic conditions and prematurity
were accounted for. Teenage motherhood conferred a
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higher risk of crude mortality across all 3 jurisdictions, and,
in Ontario, this also persisted as an independent risk factor
for RTTI-related death. These results highlight the need for
further, context-specific investigation around the mecha-
nisms of this increased risk and the development of pro-
grams to address these disparities, including an increased
focus on ensuring that available programs reach children at
higher risk.
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