Research
Effect of neighbourhood income and maternal education
on birth outcomes: a population-based study
Zhong-Cheng Luo, Russell Wilkins, Michael S. Kramer, for the Fetal and Infant Health Study Group
of the Canadian Perinatal Surveillance System
An abridged version of this article appeared in the May 9, 2006, issue of CMAJ.

A

lthough reducing health inequalities is an important
goal in many countries, setting priorities for and developing appropriate public health intervention programs has been a challenge, at least in part because there are
insufficient data as to which subpopulations are most in
need of intervention.1,2 Population-based studies of the association between socioeconomic disparities and birth outcomes can provide essential information for targeted public
health programs. However, such efforts have been hampered
by the paucity of data on socioeconomic status (SES) in most
perinatal surveillance databases.3 For instance, US birth registrations contain data on maternal education but not on income.3,4 Canadian birth registrations are even less informative, with no data on income in any province, and data on
maternal education only in Quebec and Newfoundland.5,6
Intervention programs that consider at-risk subpopulations
from both individual and community perspectives may help to
achieve maximal benefits in reducing inequalities in maternal–fetal health. The results of recent studies suggest that
measures of neighbourhood SES based on small geographic
areas can be used to reflect socioeconomic gradients in health
outcomes from a community perspective.7–10 Among such
measures, income-related measures at the small-area level
seem to be the best for revealing socioeconomic gradients.7–11
Nevertheless, it has been controversial whether the effects of
area-based SES measures are attributable to differentials in individual-level SES or have some “contextual” effects beyond
those explained by individual-level characteristics. There have
also been no large population-based studies on the effects of
neighbourhood SES on a range of birth outcomes that take into
account at least some individual SES measures. To fill these
gaps, we assessed the extent of socioeconomic disparities in
birth outcomes by maternal education and neighbourhood income in Quebec, taking advantage of the availability of maternal education and postal codes (for geocoding small-area
neighbourhoods) as recorded on birth registrations.

Abstract
Background:: Maternal socioeconomic status (SES) is an important determinant of inequity in maternal and fetal
health. We sought to determine the extent to which associations between adverse birth outcomes and SES can be identified using individual-level measures (maternal level of education) and community-level measures (neighbourhood
income).
Methods:: In Quebec, the birth registration form includes a
field for the mother’s years of education. Using data from
birth registration certificates, we identified all births from
1991 to 2000. Using maternal postal codes that can be linked
to census enumeration areas, we determined neighbourhood income levels that reflect SES.
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Results:: Lower levels of both maternal education and neighbourhood income were associated with elevated crude risks
of preterm birth, small-for-gestational-age (SGA) birth, stillbirth and neonatal and postneonatal death. The effects of
maternal education were stronger than, and independent of,
those of neighbourhood income. Compared with women in
the highest neighbourhood income quintile, women in the
lowest quintile were significantly more likely to have a
preterm birth (adjusted odds ratio [OR] 1.14, 95% confidence
interval [CI] 1.10–1.17), SGA birth (OR 1.18, 95% CI 1.15–1.21)
or stillbirth (OR 1.30, 95% CI 1.13–1.48); compared with
mothers who had completed community college or at least
some university, mothers who had not completed high
school were significantly more likely to have a preterm birth
(adjusted OR 1.48, 95% CI 1.44–1.52), SGA birth (OR 1.86,
95% CI 1.82–1.91) or stillbirth (OR 1.54, 95% CI 1.36–1.74).
Interpretation:: Individual and, to a lesser extent, neighbourhood-level SES measures are independent indicators
for subpopulations at risk of adverse birth outcomes.
Women with lower education levels and those living in
poorer neighbourhoods are more vulnerable to adverse
birth outcomes and may benefit from heightened clinical
vigilance and counselling.

Methods
In this birth cohort-based study, we used Statistics Canada’s
updated and linked database of stillbirths, live births, and in-
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fant deaths in births to Quebec residents between 1991 and
2000. The validity of the linked vital data has been well docu12
mented. We excluded births with missing birth weight, sex
or gestational age, and those in which the gestational age was
younger than 22 weeks, which left 825 349 births remaining
for analysis. Informed consent was not sought because the
study was based on anonymous birth registration data.
Available individual-level characteristics included maternal
age (< 20, 20–34, ≥ 35 years of age), education (< 11, 11, 12–13,
≥ 14 years of schooling), ethnicity (mother tongue as a surrogate: French, English, Aboriginal, or other), marital status
(legally married, not legally married), parity (primiparous, multiparous), plurality (singleton, plural), infant sex, gestational
age (in weeks) and birth weight (in grams). In the Quebec educational system, less than 11 years of school indicates the person has not graduated from high school, 11 years indicates
high school graduation, 12–13 years some community college
(CEGEP vocational or pre-university studies), and 14 years or
more graduation from community college or at least some
years at university. This categorization of maternal education
has been strongly associated with infant mortality in Quebec.13
We assigned each birth to the corresponding census enumeration area and census metropolitan area or census agglomeration (CMACA) through geocoding based on the
postal code of the mother’s place of residence as reported on

the birth registration.14 An enumeration area typically consists of 125–440 dwellings of relatively homogenous socioeconomic status.15 For the 2001 census, the analysis was
based on dissemination areas, which replaced enumeration
areas as the smallest unit of geography for which census data
are disseminated. For simplicity, we refer to both as enumeration areas or “neighbourhoods.” CMACAs are economic
communities of 10 000 or more people that include adjacent
districts with high commuting flows into the central area. For
example, the Montreal census metropolitan area includes not
only the entire Island of Montreal, but also all of Laval, the
commuting areas north of Laval and the South Shore suburbs. Rural and urban areas were defined according to Statistics Canada’s recommended definition: all CMACAs with a
population of 10 000 or more (1996 census) were urban, and
the remaining areas were rural.16 Analyses were done for all
neighbourhoods, and for rural and urban areas separately.
We created neighbourhood income quintiles to reflect the
relative SES of the neighbourhood in which the mother lived
as compared with other neighbourhoods within the same
CMACA.11 A household-size–adjusted “income per single
person equivalent” was first calculated for each enumeration
area, using the Canadian census data from the closest census
year (1991, 1996 or 2001). Enumeration areas within the same
CMACA were then ranked into quintiles from the richest (Q1)

Table 1: Maternal characteristics by neighbourhood income quintile in Quebec, 1991–2000
Births by neighbourhood income quintile,* %
Characteristic

Q1 (richest)
n = 148 354

Q2
n = 163 369

Q3
n = 164 192

Q4
n = 167 509

Q5 (poorest)
n = 181 925

Total
n = 825 349

Age, yr
< 20

2.3

2.9

3.8

5.2

7.9

37 343

20-34

82.4

86.0

86.1

85.4

82.3

696 368

≥ 35

15.3

11.1

10.1

9.4

9.9

91 316

Education, yr†
< 11

7.0

9.3

12.4

16.5

25.9

117 694

11

7.8

10.6

12.4

13.9

14.7

96 727

12-13

22.1

27.3

29.1

29.2

27.2

218 458

≥ 14

63.1

52.8

46.1

40.5

32.2

372 483

Legally married

58.5

52.8

49.0

45.6

43.5

406 683

Not legally married

41.5

47.2

51.0

54.3

56.5

413 529

French

78.3

84.2

84.3

80.5

70.0

650 567

English

12.7

7.8

6.6

7.0

6.8

66 065

Aboriginal

0.8

0.5

0.4

0.7

1.9

7 394

Other

8.2

7.5

8.7

11.9

21.4

96 655

Primiparous

41.9

43.0

43.8

45.8

45.6

363 816

Multiparous

58.1

57.0

56.2

54.2

54.4

461 315

Marital status

Ethnicity by mother tongue

Parity

*χ2 tests for differences in any characteristic among the 5 neighbourhood income quintiles were all significant at p < 0.001.
†In Quebec, 11 years of education indicates high school graduation, 12–13 years indicates some community college, and 14 years or more indicates graduation from
community college or at least some years at a university.
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to the poorest (Q5) according to income per single person
equivalent. Each quintile contained about one-fifth of the total population within each CMACA (but not necessarily onefifth of all births). Creating the quintiles within each CMACA
helped take account of inter-regional differences in housing
costs. A neighbourhood income quintile was assigned to
each birth based on the enumeration area of the mother’s
place of residence.
Main outcomes were preterm birth (< 37 completed
weeks in gestational age), small-for-gestational-age birth
(SGA, < 10th percentile, based on a recent Canadian fetal
growth standard),17 stillbirth, neonatal death (0–27 days)
and postneonatal death (28–364 days). Causes of infant
death were grouped according to the classification of the International Collaborative Effort on Perinatal and Infant Mortality,18 using International Classification of Diseases (ICD)9 codes for births in 1991–1999 or ICD-10 codes for births in
2000. Categories included congenital conditions, immaturity-related conditions, asphyxia, sudden infant death syndrome (SIDS), infection, external causes, other specific conditions, and remaining causes. The risk of each outcome was
assessed for both neighbourhood income quintile and maternal education. Crude and adjusted odds ratios (ORs) with
95% confidence intervals (CIs) were compared with assess
the potential confounding effects of other variables. Ad-

justed ORs were estimated using both ordinary (single-level)
and multilevel logistic regression analyses. Since identical
effect estimates were obtained (very low intracluster variations), we therefore present the adjusted ORs based on ordinary logistic regression analysis. Interactions between variables were checked, and no significant influences on effect
estimates of interest were observed.

Results
Substantial differences in maternal characteristics were observed across neighbourhood income quintiles (Table 1).
Mothers living in poorer neighbourhoods were much more
likely to be unmarried, younger than 20 years of age, and to
not have graduated from high school, and they were much
less likely to be 35 years of age or older. The proportion of
women with English as their mother tongue was much
higher in the richest quintile (13%) than in other neighbourhood income quintiles (7%–8%).
Increasingly higher rates of preterm birth, SGA, stillbirth,
neonatal death and postneonatal death were observed among
mothers with lower levels of education and across neighbourhood income quintiles from the richest to the poorest (Table
2). The risk gradients for adverse birth outcomes were larger
across the maternal education strata.

Table 2: Adverse birth outcomes with crude and adjusted odds ratios (ORs) by neighbourhood income quintile (Q) and maternal
education in Quebec, 1991–2000
Income quintile
and maternal
education level

Preterm births, %

SGA births, %

Stillbirths,
no. per 1000

Neonatal deaths,
no. per 1000

Postneonatal deaths,
no. per 1000

9.1

3.2

3.3

1.4

Neighbourhood income quintile
Q1 (richest)

6.7

Q2

7.0

9.8

3.4

2.9

1.4

Q3

7.2

10.6

3.9

3.3

1.3

Q4

7.4

11.2

4.0

3.8

1.5

Q5 (poorest)

8.2

12.3

4.6

3.9

2.0

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

Crude OR (95% CI)

1.23 (1.20–1.26)

1.40 (1.37–1.43)

1.44 (1.29–1.62)

1.16 (1.03–1.30)

1.48 (1.25–1.75)

Adjusted OR‡ (95% CI)

1.14 (1.10–1.17)

1.18 (1.15–1.21)

1.30 (1.13–1.48)

1.03 (0.90–1.17)

1.08 (0.89–1.30)

≥ 14

6.3

8.5

2.5

2.8

1.1

12-13

7.3

11.3

3.0

3.4

1.4

11

8.0

12.5

3.1

3.7

1.8

< 11

8.9

14.4

3.8

3.9

2.8

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

Crude OR (95% CI)

1.46 (1.42–1.49)

1.80 (1.77–1.84)

1.53 (1.37–1.72)

1.41 (1.26–1.57)

2.64 (2.27–3.06)

Adjusted OR‡ (95% CI)

1.48 (1.44–1.52)

1.86 (1.82–1.91)

1.54 (1.36–1.74)

1.36 (1.20–1.54)

2.03 (1.72–2.41)

p value for trend*
Q5 v. Q1

Maternal education, yr†

p value for trend*
< 11 v. ≥ 14 yr

Note: SGA = Small for gestational age, CI = confidence interval.
*Cochran–Armitage tests for trends across strata by maternal education or neighbourhood income.
†In Quebec, 11 years of education indicates high school graduation, 12–13 years indicates some community college, and 14 years or more indicates graduation from
community college or at least some years at a university.
‡Adjusted ORs in logistic regression included the following variables: infant sex, parity, plurality and maternal ethnicity (mother tongue), age, education level, marital
status, and neighbourhood income quintile.
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After controlling for maternal education and other individual characteristics, the adjusted ORs for adverse birth outcomes comparing the poorest and richest neighbourhood income quintiles were moderately lower than the crude ORs
and the adjusted ORs became nonsignificant for neonatal and
postneonatal death (Table 2). By contrast, after controlling
for neighbourhood income and other individual characteristics, the adjusted ORs of adverse birth outcomes comparing
mothers who had not completed high school with mothers
who had completed community college or some university
were virtually identical to the crude ORs for all birth outcomes except postneonatal death. The largest ORs across the
maternal education categories were observed for SGA and
postneonatal death.
Stepwise-adjusted risk analyses (not shown) revealed that,
for any adverse birth outcome, maternal education was the
only individual-level factor having a greater than 5% impact
on the effect size estimates for neighbourhood income quintile. In contrast, neighbourhood income quintile had virtually
no impact on the effect size estimates for maternal education.
In patterns similar to those for the crude risks in Table 2,
the adjusted ORs (results available upon request) showed
clear risk gradients across the maternal education strata for
all adverse birth outcomes. The etiologic fractions (population attributable risks, based on the adjusted ORs) for maternal education (all 3 strata, using ≥ 14 years as the reference)
were 13% for preterm birth, 21% for SGA, 15% for stillbirth,
12% for neonatal death and 22% for postneonatal death. By
contrast, the adjusted ORs showed a smaller risk gradient

across neighbourhood income quintiles. The etiologic fractions for neighbourhood income (all 4 strata, using the richest quintile as the reference) were 5% for preterm birth, 7%
for SGA and 12% for stillbirth.
To understand the causes of the differences in neonatal
and postnatal mortality across neighbourhood income quintiles, we further examined rates of death by gestational age
and by cause of death (Table 3). The risk of neonatal death by
gestational age was not significantly different across neighbourhood income quintiles. The risk of postneonatal death
by gestational age was higher for the poorest neighbourhood
income quintile compared with that for the highest income
quintile at all gestational ages except 28–31 weeks, but the
difference was significant for term births only. A significantly
elevated risk of neonatal death due to immaturity-related conditions (OR 1.29), and of postneonatal death due to SIDS (OR
1.63), was observed when births in the poorest and richest
neighbourhood income quintiles were compared. Other
causes of death were not significantly different across neighbourhood income quintiles.
Fig. 1 shows the adjusted ORs of adverse birth outcomes
associated with maternal education and neighbourhood income in rural and urban areas separately (detailed results are
provided in Table 4). The adjusted ORs were obtained from
logistic regression models including infant sex, parity, plurality, maternal age, education, ethnicity, marital status and
neighbourhood income quintile. The adjusted ORs comparing mothers in the poorest and richest neighbourhood income quintiles were somewhat lower than crude ORs (not

Table 3: Rates of gestational age-specific neonatal and postneonatal death and of cause-specific infant death by neighbourhood income
quintile in Quebec, 1991-2000
Neighbourhood income quintile
Q1 (richest)

Q2

Q3

Q4

Q5 (poorest)

Adjusted OR*
Q5 v. Q1 (95% CI)

22–27 wk

408.4

433.4

421.5

430.0

395.7

0.95 (0.74–1.22)

28–31 wk

66.8

45.1

52.9

57.3

52.3

0.77 (0.53–1.12)

32–36 wk

9.4

7.7

8.1

9.6

8.2

0.88 (0.65–1.18)

37–41 wk

1.0

0.9

1.1

1.1

1.1

1.01 (0.81–1.26)

≥ 42 wk

0.9

0.8

2.1

1.5

2.8

3.02 (0.63–14.2)

22–27 wk

58.6

51.8

50.0

50.3

89.2

1.57 (0.83–2.97)

28–31 wk

14.9

14.8

13.1

7.9

11.7

0.79 (0.35–1.74)

32–36 wk

4.1

3.6

3.8

3.4

5.2

1.27 (0.84–1.93)

37–41 wk

1.1

1.1

0.9

1.2

1.5

1.43 (1.16–1.76)

≥ 42 wk

0.9

1.7

1.2

0.8

2.8

3.02 (0.64–14.2)

Congenital conditions

1.7

1.6

1.8

1.8

1.9

1.10 (0.93–1.29)

Neonatal asphyxia

0.5

0.5

0.4

0.5

0.5

0.99 (0.73–1.35)

Immaturity-related conditions

1.2

1.0

1.2

1.4

1.6

1.29 (1.07–1.56)

Postnatal SIDS

0.3

0.3

0.5

0.5

0.6

1.63 (1.16–2.30)

Variable
Neonatal death, no. per 1000

Postneonatal death, no. per 1000

Cause-specific infant death, no. per 1000

Note: OR = odds ratio, CI = confidence interval, SIDS = sudden infant death syndrome.
*Adjusted ORs from logistic regression included the following variables: infant sex, parity, plurality, and maternal age, education, ethnicity (mother tongue), marital
status, and neighbourhood income quintile.
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Adjusted OR (95% CI)

Adjusted OR (95% CI)

Urban
shown) and showed modest but signifi3.0
cantly elevated risks of preterm birth,
SGA, stillbirth and neonatal death in urban but not rural areas. Adjusted ORs for
2.0
cause-specific neonatal and postneonatal
death across neighbourhood income
quintiles were all nonsignificant (not
shown). In urban areas, a large and signif1.0
icant crude OR for death due to SIDS (OR
2.02, 95% CI 1.32–3.10) was observed
among mothers in the poorest neighbour0.0
hood income quintile compared with
SGA
Stillbirth
Neonatal
Postneonatal
Preterm
those in the richest income quintile, but
the corresponding adjusted OR was nonsignificant.
Maternal education
In both rural and urban areas, the adNeighborhood income
justed ORs for maternal education showed
moderately and significantly elevated risks
of preterm birth, SGA, stillbirth, neonatal
Rural
death and postneonatal death for mothers
3.0
who had not completed high school compared with mothers who had completed
community college or some university.
2.0
The adjusted ORs for maternal education
were slightly higher in urban areas compared with rural areas for all outcomes ex1.0
cept for neonatal death. Analyses of the
risks of cause-specific infant death associated with low maternal education revealed
a modestly elevated risk of infant death
0.0
due to congenital conditions in urban but
Preterm
SGA
Stillbirth
Neonatal
Postneonatal
not rural areas (adjusted OR 1.53, 95% CI
1.26–1.84), a significantly elevated risk of
Fig. 1: Adjusted odds ratios (ORs) with 95% confidence intervals (CIs) of adverse birth
infant death due to immaturity-related
outcomes comparing not having graduated from high school and having completed
conditions (adjusted OR 2.26, 95% CI
community college or some university, and poorest and richest neighbourhood in1.26–1.84 in rural areas v. 1.35, 95% CI
come quintiles, for urban (top) and rural (bottom) areas.
1.07–1.69 in urban areas), and a more substantially elevated risk of infant death due
powerful determinant of health.22 In our study, the effects of
to SIDS (adjusted OR 2.69, 95% CI 1.49–4.88 in rural areas v.
maternal education were clearly larger than, and independent
2.70, 95% CI 1.87–3.91 in urban areas) in both rural and urof, the effects of neighbourhood income. Moreover, the popban areas. The elevated risk of infant death due to immatuulation health impact of maternal education was stronger
rity-related conditions associated with low maternal educathan that of neighbourhood income, as indicated by their retion was modestly higher in rural areas.
spective etiologic fractions. In both urban and rural areas, the
Interpretation
effects of low maternal education levels were strongest for
SGA and postneonatal death. We also found that infants of
The results of some studies have suggested that the effects of
mothers with low education levels in rural areas seemed more
neighbourhood-based measures of SES on birth outcomes
vulnerable to neonatal death, particularly for death due to immay be independent of individual-level measures of SES.19–21
maturity-related conditions. We speculate that access to highquality neonatal intensive care may be more limited for mothOur study is the first large population-based study to demoners with low education levels who live in a rural setting.
strate a higher risk of multiple adverse birth outcomes in
poorer neighbourhoods that is at least in part independent of
A small but growing literature has revealed disparities in
birth outcomes by neighbourhood SES.9–11,19–21 The neighlarge differences in an individual SES measure (maternal edubourhood disparities in birth outcomes observed here were
cation) and other observed characteristics. We further
demonstrate that the elevated adjusted risks in poorer neighsmaller than those reported in the United States. For exambourhoods occurred almost exclusively in urban areas, which
ple, we observed a crude OR of 1.38 (95% CI 1.34–1.41) for
account for about 75% of all births in Canada. Among indilow birth weight (results not shown, since SGA is a better fevidual measures of SES, education is considered the most
tal growth indicator), which is substantially lower than the

CMAJ

•

May 9, 2006

•

174(10)

|

Online-1419

Research

Table 4: Crude and adjusted odds ratios (ORs) of adverse birth outcomes by neighbourhood income quintile and maternal education in
rural and urban areas of Quebec, 1991-2000
Rural* (n = 176 496)
Outcome

Crude OR (95% CI)

Urban*(n = 648 853)

Adjusted OR† (95% CI)

Crude OR (95% CI)

Adjusted OR† (95% CI)

Neighbourhood income: Poorest v. richest quintile
Preterm birth

1.05 (0.99–1.10)

1.01 (0.95–1.10)

1.29 (1.25 – 1.33)

1.16 (1.12–1.20)

SGA

1.08 (1.03–1.13)

1.00 (0.95–1.05)

1.50 (1.47–1.54)

1.24 (1.20–1.27)

Stillbirth

1.20 (0.96–1.50)

1.09 (0.84–1.42)

1.55 (1.36–1.76)

1.33 (1.14–1.56)

Neonatal death

0.85 (0.67–1.08)

1.02 (0.80–1.30)

1.28 (1.12–1.46)

1.15 (1.00–1.33)

Postneonatal death

1.13 (.082–1.55)

0.94 (0.67–1.32)

1.68 (1.37–2.06)

1.20 (0.96–1.50)

Congenital conditions

0.91 (0.64,1.29)

0.84 (0.59,1.21)

1.16 (0.96–1.390

1.07 (0.88–1.31)

Asphyxia

0.48 (0.22–1.01)

0.56 (0.28–1.15)

1.16 (0.82–1.65)

1.03 (0.70–1.52)

Immaturity-related conditions

1.04 (0.72–1.50)

0.89 (0.59–1.32)

1.41 (1.13–1.75)

1.19 (0.94–1.50)

SIDS

1.14 (0.64–2.06)

1.00 (0.55–1.80)

2.02 (1.32–3.10)

1.21 (0.78–1.86)

Preterm birth

1.36 (1.30–1.43)

1.46 (1.38–1.54)

1.49 (1.45–1.53)

1.47 (1.43–1.52)

SGA

1.66 (1.59–1.73)

1.77 (1.69–1.85)

1.85 (1.81–1.90)

1.82 (1.77–1.87)

Stillbirth

1.44 (1.16–1.80)

1.27 (1.00,1.62)

1.55 (1.36,1.77)

1.65 (1.43–1.90)

Neonatal death

1.39 (1.12–1.74)

1.56 (1.24–1.95)

1.38 (1.21,1.58)

1.27 (1.11–1.47)

Postneonatal death

2.49 (1.86–3.32)

2.07 (1.51–2.84)

2.61 (2.19–3.10)

2.14 (1.76–2.60)

Congenital conditions

1.22 (0.92–1.63)

1.21 (0.90–1.63)

1.48 (1.24–1.77)

1.53 (1.26–1.84)

Asphyxia

1.22 (0.61–2.22)

1.57 (0.84–2.94)

1.35 (0.96–1.90)

1.23 (0.85–1.78)

Immaturity-related conditions

1.90 (1.33–2.72)

2.26 (1.56–3.26)

1.50 (1.21–1.85)

1.35 (1.07–1.69)

SIDS

4.42 (2.42–8.06)

2.69 (1.49–4.88)

5.13 (3.60–7.30)

2.70 (1.87–3.91)

Cause-specific infant death

Maternal education:‡ < 11 v. ≥ 14 yr

Cause-specific infant death

Note: SGA = small for gestational age, CI = confidence interval, SIDS = sudden infant death syndrome.
*Urban areas are defined as having a population ≥ 10 000; areas with a population < 10 000 are rural.
†Adjusted ORs from logistic regression included the following variables: infant sex, parity, plurality, and maternal age, education, ethnicity (by mother tongue),
marital status, and neighbourhood income quintile.
‡In Quebec, < 11 years of education indicates not having graduated from high school, and ≥ 14 years indicates graduation from community college or at least some
years at a university.

crude OR of 2.06 (95% CI 1.93–2.19) for low birth weight reported recently following comparison of the poorest and
richest neighbourhood income quintiles based on census
block groups (a census geographic unit comparable to a
Canadian census enumeration area) in Massachusetts and
Rhode Island.9 Greater neighbourhood segregation in the
United States may explain the larger disparities in health outcomes compared with those observed in previous studies.23–25 Nevertheless, we found socioeconomic disparities in
a number of birth outcomes at both the individual (maternal
education) and community (neighbourhood income) levels;
studies with information on individual or neighbourhood
SES measures only (as happens in many studies) may underestimate or distort the true extent of such socioeconomic disparities in birth outcomes.
The effect estimates for neighbourhood income quintile in
rural areas may have been attenuated because of lesser precision of rural postal codes in determining enumeration areas
(nondifferential misclassification of exposure). Canadian
perinatal data do not have information on many potential
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confounders or effect mediators, including family income,
maternal occupation, smoking and others. Differences in
other unmeasured individual-level SES measures and risk factors may explain or mediate the poor birth outcomes in
poorer neighbourhoods.
The impact of neighbourhood income is evident for stillbirth, preterm birth and the risk of SGA. These findings suggest that women from poor neighbourhoods may warrant increased vigilance from perinatal care providers. The large
beneficial impact of higher maternal education on postneonatal mortality may operate through better knowledge of
infant care, especially sleep position,26 as evidenced by the
large differences in SIDS risk. Physicians, midwives and public health nurses should be vigilant in referring mothers with
low education levels and high-risk antenatal conditions to
higher levels of care, and mothers with low education levels
should receive counselling on appropriate infant care practices. The results of our study also suggest that women from
poor neighbourhoods and those with low education levels
may benefit from heightened clinical vigilance and coun174(10)
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selling during perinatal period. Further studies are needed to
understand the factors mediating these higher risks at both
individual and community levels, so that effective intervention programs to reduce socioeconomic inequalities in perinatal health can be implemented.
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