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S U M M A R Y

Background: Adverse birth outcomes have serious health consequences, not only during infancy but through-
out the entire life course. Most evidence linking neighbourhood socioeconomic status (SES) to birth outcomes
is based on cross-sectional SES measures, which do not reflect neighbourhoods’ dynamic nature. We investi-
gated the association between neighbourhood SES trajectories and adverse birth outcomes, i.e. preterm birth
and being small-for-gestational-age (SGA), for births occurring in the Netherlands between 2003 and 2017.
Methods: We linked individual-level data from the Dutch perinatal registry to the Netherlands Institute for
Social Research neighbourhood SES scores. Based on changes in their SES across four-year periods, neigh-
bourhoods were categorised into seven trajectories. To investigate the association between neighbourhood
SES trajectories and birth outcomes we used adjusted multilevel logistic regression models.
Findings: Data on 2 334 036 singleton births were available for analysis. Women living in stable low-SES
neighbourhoods had higher odds of preterm birth (OR[95%CI]= 1¢12[1¢07-1¢17]) and SGA (OR[95%CI]= 1¢19
[1¢15-1¢23]), compared to those in high SES areas. Higher odds of preterm birth (OR[95%CI]= 1¢12[1¢05-
1¢20]) and SGA (OR[95%CI]=1¢12[1¢06-1¢18]) were also observed for those living in areas declining to low
SES. Women living in a neighbourhood where SES improved from low to medium showed higher odds of
preterm birth (OR[95%CI]= 1¢09[1¢02-1¢18]), but not of SGA (OR[95%CI]= 1¢04[0.98-1¢10]). The odds of pre-
term or SGA birth in other areas were comparable to those seen in high SES areas.
Interpretation: In the Netherlands, disadvantaged neighbourhood SES trajectories were associated with
higher odds of adverse birth outcomes. Longitudinal neighbourhood SES measures should also be taken into
account when selecting a target population for public health interventions.
Funding: Erasmus Initiative Smarter Choices for Better Health.
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1. Introduction

Adverse birth outcomes, defined here as preterm birth and small-
for-gestational-age (SGA), have serious health consequences, not
only during infancy but throughout the entire life course [1]. Being
born preterm or SGA increases the risk for early-life mortality, and
subsequent lifelong morbidity [2,3]. Evidence from population-based
studies has consistently linked low neighbourhood socioeconomic
status (SES) with adverse birth outcomes, even after adjustment for
individual characteristics [4,5]. As such, adverse birth outcomes could
be considered the earliest manifestations of socioeconomic inequal-
ities. The majority of the current literature is based on cross-sectional
measures of neighbourhood SES [6]. Cross-sectional measures fail to
reflect that neighbourhoods are not static but dynamic entities that
can experience improvement or deterioration as the result of eco-
nomic, social and migration processes [7,8].

Longitudinal approaches to investigating the link between neigh-
bourhood conditions on health outcomes are scarce. The best avail-
able evidence comes from social experiments, e.g., Moving to
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Research in context

Evidence before the study

We searched PubMed and MEDLINE databases for literature
published in any language before December 1, 2020, using the
following search terms: “neighbourhood” AND “trajector* OR
change* OR histor*” AND “socioeconomic OR social OR eco-
nomic OR poverty OR deprivation” AND “birth outcome* OR
preterm birth OR prematur* OR small-for-gestational-age OR
birth weight”. We identified three relevant studies. The first
study was conducted in California (US) and used the Maternal
Infant and Health Assessment survey (2003-2009, N=23 291).
Their study investigated the association between longitudinal
neighbourhood poverty trajectories and preterm birth. Com-
pared to births from long-term low poverty neighbourhoods,
those from areas with long-term high or increasing poverty
had 41% and 37% increased odds of preterm birth, respectively.
The second study used Texas (US) birth certificate data (2009-
2011, N=470 896) to examine the association between longitu-
dinal measures of neighbourhood poverty and adverse birth
outcomes, i.e., preterm birth, low birth weight and small-for-
gestational-age (SGA). They found that long-term high and
moderate poverty histories, along with increasing and decreas-
ing poverty were associated with higher odds of adverse birth
outcomes. Both studies used an extensive period (20 and 40
years) to construct the neighbourhood trajectories. Last, a study
conducted in New York City explored the association between
living in a gentrifying neighbourhood and birth outcomes
(2008-2010, N=126 165). They found that, for disadvantaged
groups, living in rapidly gentrifying neighbourhoods was asso-
ciated with increased incidence of preterm birth.

Added value of this study

Based on data from the nationwide perinatal registry in the
Netherlands (2003-2017, N= 2 334 036), we investigated the
association between trajectories of neighbourhood socioeco-
nomic status (SES) and adverse birth outcomes, i.e. preterm
birth and SGA. Our study shows that, in the Netherlands,
adverse neighbourhood SES trajectories were associated with
higher odds of adverse birth outcomes. Women living in persis-
tently low SES areas or areas that declined to low SES had
higher odds of preterm and SGA birth than women living in the
most advantaged areas. Also, living in a neighbourhood whose
SES shifted from low to medium was associated with higher
odds of preterm birth, but not SGA. Importantly, the odds of
preterm or SGA birth in other areas were comparable to those
seen in high SES areas. To our knowledge, this is the largest
study to have investigated the relationship between neighbour-
hood SES trajectories and birth outcomes, and the first to use
short-term changes in neighbourhood SES.

Implications of all available evidence

Our results indicate that, in the Netherlands, disadvantaged
neighbourhood SES trajectories were associated with higher
odds of adverse birth outcomes. Results from this study suggest
that longitudinal neighbourhood SES measures should also be
taken into account when selecting a target population for pub-
lic health interventions.
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Opportunity (MTO), a program that randomised disadvantaged fami-
lies in the US to receive vouchers for residential mobility. People who
moved to low poverty neighbourhoods within MTO experienced
improvements in various health outcomes [9]. However, studies like
MTO investigated only the effects of improving neighbourhood SES,
while it is also relevant to look at the consequences of negative
changes. From a policy and public health perspective, it is essential to
explore changes in neighbourhoods’ SES themselves, as the majority
of the population does not move, or when they do, it is generally to
similar areas [10].

Few studies have investigated the association between the
change in neighbourhood socioeconomic characteristics and birth
outcomes [6,7,11]. These available studies are based on single US
states and have relatively limited sample sizes. Their findings
may not apply to European countries due to demographic, social,
economic, and health care differences [10]. Most of these studies
place their focus on long-term neighbourhood change (e.g. across
40 years). However, exploring the link between short-term
changes and health is also relevant. One of the main mechanisms
through which changes in neighbourhood SES may affect health
outcomes is stress [6,7]. It has been argued that neighbourhood
residents are probably accustomed to a certain amount of perks
and problems within their neighbourhood, and it might be the
rapid changes that result in health impact [12]. Short-term
changes in neighbourhood SES have been associated with
changes in risks factors for adverse birth outcomes, e.g.
unhealthy food environment [13], and poor mental health [14].
Only one previous work, conducted in New York City, has
explored the association between short-term changes in neigh-
bourhood SES and birth outcomes [11]. However, this study only
focused on gentrifying neighbourhoods rather than the full spec-
trum of SES trajectories.

The Netherlands offers an ideal setting for the study of short-term
changes in neighbourhood conditions and their association with birth
outcomes. Previous research has shown that a fifth of the Dutch
neighbourhoods experienced decline or improvement in four years
[15]. Additionally, the country is investing in policies that aim to
improve neighbourhood SES in the short term [16]. The purpose of
this study is to describe the association between short-term neigh-
bourhood SES trajectories and birth outcomes in the Netherlands.
Based on the available literature, we hypothesise that neighbour-
hoods with persistently low SES, or those that decline to low SES, will
show the poorest outcomes [6,7,11,17].

2. Methods

2.1. Study design and participants

In this retrospective population-based cohort study, we linked
individual-level birth records to routinely collected neighbourhood-
level data, population register data, and income and tax records. The
cohort comprised singleton births with gestational ages between 24
+0 and 41+6 weeks registered in the Netherlands between 1 January
2003 and 31 December 2017. Birth records before 2003 were not
included in the analysis as information on household income is only
available from 2003 onwards.

We obtained the birth records from the Netherlands Perinatal
Registry (Perined). Perined comprises routinely collected data on
maternal characteristics, pregnancy, delivery, and birth outcomes,
covering 97% of all births in the Netherlands [18]. The data is subject
to strict quality and consistency checks to ensure that only valid val-
ues of the perinatal variables are kept in the final dataset [19].
Perined also provides the four-digit postcode of the mothers’
residence.

Statistics Netherlands (CBS) performed the individual-level link-
age of Perined records to the national population registry held at CBS.
As a result of this linkage, CBS assigns each mother and child a unique
identification number (RIN number). This identifier is a meaningless
and dimensionless number that identifies a natural person [20].
Every individual in the Netherlands has a unique RIN number that is



Table 1
Exposure assignment to birth records.

Exposure (neighbourhood
SES trajectory)

Birth period

2002 vs 1998 1) 2003-2005
2006 vs 2002 2) 2006-2009
2010 vs 2006 3) 2010-2013
2014 vs 2010 4) 2014-2017

*First birth time period includes only 3 years instead of 4 (as
later periods). Birth records before 2003 were not included in
the analysis as information on household income is only avail-
able from 2003.
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used by CBS to link a wide variety of administrative records and sur-
veys. Given that each mother and child have unique identifiers, sib-
lings born from the same mother are identifiable. Instances, where
the linkage algorithm did not link a registered birth to a RIN number
could be because the mother was not registered in the population
records (non-residents), the child was stillborn, or due to linkage
error (false-matches and missed-matches). Given that stillbirths
were non-linkable, records available for analysis consisted of live
births only. From the available Perined birth records, 3% could not be
linked to CBS data.

CBS population and income and tax records include sociodemo-
graphic information of the country’s residents. This information is
routinely collected from different sources, e.g., municipality records
and the Dutch Tax and Customs Authority. CBS data registries are
subject to strict quality checks and follow several procedures to
ensure the validity of the data [21].

2.2. Data variables and measurement

The following definitions were used for the birth outcomes: 1)
preterm birth, any livebirth occurring from 24+0 weeks of gestational
age and before 37+0 weeks, and 2) SGA birth, birth weight below the
10th centile adjusted for gestational age and sex, according to
national reference curves [22]. Gestational age is estimated by using
information on the last menstrual cycle and foetal scans [23]. Births
with gestational age <24+0 were not included in the analysis as
Dutch national multidisciplinary guidelines advise against active
management of babies born at gestational ages of less than 24 weeks
and 0 days [24,25]. Furthermore, birthweight <400g was considered
implausible and treated as missing, as European and national guide-
lines advise against the active management of babies with birth-
weight below this threshold [25]. Based on previous studies,
birthweight was also considered implausible and set as missing if
>6500g [26,27].

We used the household income corresponding to the child’s year
of birth to measure individual-level SES. Researchers have recom-
mended using household income to better measure women’s SES
over other individual-level measures for health inequalities research
[28]. Moreover, health inequalities research has shown that house-
hold income performs as good as other individual-level SES indica-
tors (e.g. education or composite measures) in capturing health
variation [29]. Information on household-equivalised disposable
income was obtained from CBS income and tax records. This measure
accounts for the household size and composition using the modified
Organisation for Economic Co-operation and Development (OECD)
equivalence scale [30]. Data on mother’s education was not included
in the main analysis (but in a sensitivity analysis) as information on
this variable was missing for a considerable part of the dataset (i.e.,
19¢6%) [31].

We obtained information on maternal ethnicity and residential
history from CBS records. Ethnicity was assigned based on the moth-
er’s country of birth. CBS categorises this variable based on the largest
ethnic groups present in the Netherlands: Dutch background, Turk-
ish, Moroccan, Surinamese, Antillean, others western, others non-
western [32]. A woman would have a western migration background
if she or at least one of the parents was born in Europe, North Amer-
ica or Oceania [32]. Information on whether the mother was a first-
generation or second-generation migrant was also obtained from
CBS records.

We used the Netherlands Institute for Social Research (SCP) Status
Scores to measure neighbourhood socioeconomic status [33]. The SCP
Status Scores are a relative measure of neighbourhood SES calculated
for areas corresponding to four-digit postcodes, with an average of 4
000 inhabitants [34], and a median size of 5¢3 km2. The SCP Status
Scores are based on postcode-level data collected yearly by CBS,
which is calculated by aggregating the information of all residents
from each four-digit postcode [35]. The SCP Status Scores summarise
information from four indicators: 1) average neighbourhood income,
2) percentage of inhabitants with a low income, 3) percentage of
inhabitants without a paid job, and 4) percentage of inhabitants with
a low education level. The SCP Status Scores have been previously
used in health inequalities research in the Netherlands [36�38]. The
SCP provides updated Status Scores every four years. For this work,
we used the SCP Status Scores corresponding to the years 1998,
2002, 2006, 2010, and 2014.

The exposure of interest was neighbourhood SES trajectory. To
construct the SES trajectories, we first created cross-sectional meas-
ures of neighbourhood SES by categorising the SCP Status Scores into
Low (lowest quintile), Medium (second to fourth quintiles), and High
(highest quintile). Then, by comparing two consecutive cross-sec-
tional SES measures (e.g. 2006 vs 2002), the neighbourhoods were
categorised into seven SES trajectories: 1) Stable High, 2) Stable
Medium, 3) Stable Low, 4) Improving to High, 5) Improving to
Medium, 6) Declining to Medium, and 7) Declining to Low. Categories
portraying a drastic change in neighbourhood SES, i.e., Improving
Low to High and Declining High to Low were also considered. How-
ever, such steep changes are rare in the Netherlands [15], and across
the period 2003-2017, only <0¢3% of the births could be assigned to
any of these trajectories. These cases were thus included in the trajec-
tories Improving to High and Declining to Low, respectively.

Birth records were grouped into four mutually exclusive periods
(Table 1). The exposure (neighbourhood SES trajectory) was assigned
to the births that occurred within each period, as stated in Table 1.
For example, for each neighbourhood, the trajectory resulting from
comparing 2006 versus 2002 cross-sectional SES measures was used
as exposure for births occurring in the period 2006-2009. The corre-
sponding neighbourhood SES trajectory was assigned to each birth
using maternal four-digit postcode registered at delivery.

Due to privacy considerations, SCP does not calculate status scores
for areas with less than 100 households [18]. Therefore, neighbour-
hood trajectories could not be assigned to births from mothers living
in such areas or birth records without a postcode available. As a
result, neighbourhood SES trajectory was missing for 1¢5% of the
records. Due to the low proportion of missing data, no data was
imputed for the analyses.

2.3. Statistical analysis

To assess the relationships between neighbourhood SES trajecto-
ries and adverse birth outcomes, we used two-levels (level 1, births;
level 2, neighbourhoods) logistic random-intercepts regression mod-
els with pooled cross-sections. The pooled cross-sections technique
combines elements from time series and cross-sectional data to ana-
lyse datasets that consist of several cross-sections from the same
population collected at different time points (e.g. years or periods)
but where the observations do not refer to the same units [39,40].
The percentage of variation between neighbourhoods in preterm
birth and SGA prevalence (intra-class correlation, ICC) was around 2%



4 L. Burgos Ochoa et al. / The Lancet Regional Health - Europe 10 (2021) 100205
and statistically significant, supporting the decision to use multilevel
models [41]. The Stable High SES trajectory, reflecting the most
advantaged neighbourhoods, was used as reference.

We considered a set of potential confounders, i.e., variables that
are (causally) associated with the outcome and related to the expo-
sure but are not intermediate variables in the causal pathway
between exposure and outcome (mediators) [42,43]. We adjusted
the models for the following individual-level characteristics: mater-
nal ethnicity, migration generation, maternal age at delivery in cate-
gories (�19, 20-34, �35 years), equivalised household income in
categories (quintiles), and parity registered at (antenatal) intake (pri-
miparous vs multiparous). Maternal lifestyle factors (e.g. smoking,
drug and alcohol use, BMI), aside from suffering from severe underre-
porting [44], have been suggested as mediators for the relationship
between neighbourhood SES and health outcomes [45�48]. To avoid
bias due to over-adjustment [49,50], these variables were not
included in the main models. At the neighbourhood level, we did not
adjust for physical (e.g. pollution and greenness [51,52]) and social
factors (e.g. social cohesion and crime [52,53]) as they have also been
found to mediate the exposure-outcome relationship. Variables regis-
tering maternal comorbidities (e.g. pre-existent diabetes and hyper-
tension) were not included in the main models as they are likely to
suffer underreporting in the Perined dataset [18]

Dummy variables for all but one time period were included in the
models to account (and test) for changes in the outcomes across dif-
ferent periods [40]. Next, interaction terms between each time-
period dummy variable and neighbourhood SES trajectories were
added to account for changes over time in the relationship between
exposure and outcomes [40].

We conducted a set of sensitivity analyses to assess the robustness
of our findings: 1) Models were additionally adjusted for the duration
of residence in the neighbourhood at the time of delivery (in years).
2) We excluded births in 2006, 2010 and 2014 to assess whether our
results were driven by cases born in the first years of the periods. 3)
We conducted two analyses to assess the impact of women moving
to a different neighbourhood during, or before, their pregnancy on
the results: a) including only women who had been living in the
neighbourhood for at least one year at the time of delivery, and b)
restricting the analysis to women who have resided in the same resi-
dential address throughout the entire four years period correspond-
ing to the assigned exposure (see Table 1). 4) We assessed the
robustness of our results to the adjustment for the mother’s educa-
tional level (low, medium, high). 5) We also assessed the robustness
of our results to the adjustment for a) maternal comorbidities (pre-
existing diabetes and hypertension), and b) unhealthy lifestyle fac-
tors, i.e., smoking, alcohol consumption, and drug use (binary varia-
bles). The attenuation of the estimates after adjusting for lifestyle
factors may be a sign of mediation. 6) Restricted the analysis to only
spontaneous births. 7) Excluded observations with implausible birth-
weight given gestational age values, i.e., birthweight was assumed
missing if it was recorded as >1500g and gestational age <29 weeks.
For gestational age 29 to 33 weeks birthweight was assumed missing
if it was recorded as >2800 g [54]. 8) We fitted joint regression mod-
els for correlated binary outcomes to account for any potential inter-
dependence between the outcomes. We followed the procedure
developed by Ghebremichael [55], which was applied to a multilevel
scenario by Di Fang et al [56]. 9) We conducted a siblings-comparison
analysis (within-family or family fixed-effects analysis) to reduce
unobserved confounding at mother’s level. The siblings-comparison
analysis controls by design for all time-constant (shared by the sib-
lings) observed and unobserved confounders including the mother’s
ability, genetics, ethnicity, etc. The siblings-comparison model was
additionally adjusted for time-variant covariates, i.e., maternal age,
household income, and parity. 10) For the adjusted results that were
found to be significant, we performed an analysis to assess how
strong an unmeasured confounder would have to be to explain away
an observed exposure�outcome relationship, i.e., E-value computa-
tion [57]. The E-value quantifies the minimum strength of association
on the OR scale that an unmeasured confounder must have with both
the exposure and outcome, while simultaneously considering the
measured covariates, to negate the observed exposure�outcome
association [57].

For all analyses, a p value of less than 0¢05 was used to indicate
statistical significance. All analyses were performed using R version
3.6.3 [58].

2.3.1. Ethical considerations
According to Dutch law (WMO) no formal ethical review was

required. According to standard procedures and under strict condi-
tions that were fulfilled, CBS anonymised the data before making it
available to the researchers [26]. Perined provided approval (19.13)
for this research project.

2.3.2. Role of the funding source
The funder of the study had no role in study design, data collec-

tion, data analysis, data interpretation, or writing of the report. The
corresponding author had full access to all the data in the study and
had final responsibility for the decision to submit for publication.

3. Results

Between 2003 and 2017, 2 629 207 births were registered in the
Netherlands, of which 2 538 897 (»97%) could be linked by CBS. After
removing multiple births, births with gestational age below 24+0
weeks or above 41+6 weeks, and births with missing data on covari-
ates, 2 334 036 births were available for the analysis (Fig. 1).

During each of the periods, roughly one-fifth (19.5%) of the neigh-
bourhoods saw a change in their SES, while most of the areas (80¢5%)
remained stable (Supplementary Figure 1). The mean maternal age
was 30¢6 (SD 4¢8), it was at its lowest in Stable Low areas (29¢6, SD
5¢3), and highest in Stable High (31¢8, SD 4¢4) (Table 2). Stable Low
areas showed the highest percentage of women with a migration
background. The lowest and highest household incomes were
observed in Stable Low and Stable High neighbourhoods, respec-
tively. In terms of birth outcomes, Stable Low and Declining (Medium
to Low) neighbourhoods had the highest prevalence of preterm and
SGA births, while Stable High areas showed the lowest prevalence.

Adjusted regression models show that higher odds of having a
preterm birth (OR[CI]= 1¢12[1¢07-1¢17], p<0¢0001) or SGA birth (OR
[CI]= 1¢19[1¢15-1¢23], p<0¢0001) were observed for women living in
Stable Low SES areas, compared to women living in (the most advan-
taged) Stable High SES neighbourhoods (Table 3A). Moreover, women
living in areas categorised as Declining to Low SES had higher odds of
having a preterm birth (OR[CI]= 1¢12[1¢05-1¢20], p=0¢0014) or SGA
birth (OR[CI]= 1¢12[1¢06-1¢18], p<0¢0001), as compared to women
living in Stable High SES areas. Whereas odds of preterm birth were
still increased for women living in an Improving to Medium SES
neighbourhood (OR[CI]= 1¢09[1¢02-1¢18], p=0¢0184), this was not the
case for SGA (OR[CI]= 1¢04[0¢98-1¢10]). There were no significant dif-
ferences in the odds of preterm birth or SGA between the remaining
trajectories and the Stable High areas (full adjusted results in
Supplementary Table 1).

Changes in the exposure-outcome relationship across time-points
were assessed using interaction terms time-period £ neighbourhood
SES trajectory. For SGA, a downwards trend over time for the Declin-
ing to Low and Stable Low trajectories was found. For example, for
the Stable Low trajectory, the odds ratios changed from 1¢19 (95%
1¢15-1¢23) in the first period to 1¢13 (95% CI 1¢10 to 1¢17) in the last
period (Supplementary Figure 2). However, in none of the cases the
interaction terms were significant. For preterm birth, the estimates
remained fairly unchanged across periods (Supplementary Figure 2).



Fig. 1. Study population flow diagram.
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The patterns found in the main analysis remained unchanged in
the sensitivity analyses where 1) models were adjusted for the time
that the mother has been living in the registered neighbourhood
(Supplementary Table 2), 2) we excluded births that occurred in
2006, 2010, and 2014 (Supplementary Table 3), 3) the analyses were
restricted to women who had lived for at least one year
(Supplementary Table 4), or the entire exposure time, in the same
residential address (Table 3B and Supplementary Table 5), 4) the
analyses were adjusted for maternal education (Supplementary Table
6), 5) we accounted for maternal comorbidities, and lifestyle factors
(Supplementary Table 7), 6) the analyses were restricted to only
spontaneous births (Supplementary Table 8), 7) observations with
implausible birthweight given gestational age values were excluded
(Supplementary Table 9), and 9) we fitted joint regression models
(Supplementary Table 10). When restricting the analysis to women
who have remained in the same address for the entire exposure
period (Table 3B), the association between the Stable Low SES trajec-
tory and preterm birth was slightly larger than in the main analysis
(OR[95% CI]= 1¢17 [1¢09-1¢25], p<0¢0001). For preterm birth, the
results from the main analysis remained unchanged when conduct-
ing the siblings-comparison analysis (Supplementary Table 11). For
SGA, the results for the Stable Low (OR[95% CI]= 1¢10 [1¢04-1¢16],
p=0¢0003) and Declining to Low (OR[95% CI]= 1¢06 [1¢01-1¢12],
p=0¢0415) SES trajectories remained significant, however, the esti-
mates were attenuated (Supplementary Table 11). Last, the E-values
for the association between the Stable Low, Improving to Medium,
and Declining to Low trajectories and preterm birth were 1¢5, 1¢4,
and 1¢5, respectively, indicating that the residual confounding could
explain the observed association if there exists an unmeasured covar-
iate having an association (OR) at least as large as the E-value with
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both the exposures and outcomes. For SGA, the E-values for the Sta-
ble Low and Declining to Low trajectories were 1¢7 and 1¢5.

4. Discussion

In this study, using a large nationwide perinatal registry linked to
a comprehensive measure of neighbourhood socioeconomic status,
we found a detrimental (small) association between disadvantaged
neighbourhood SES trajectories and adverse birth outcomes. Women
living in persistently low SES areas or areas that declined to low SES
had higher odds of preterm or SGA birth, compared to women living
in the most advantaged areas. Also, living in a neighbourhood whose
SES shifted from low to medium was associated with higher odds of
preterm birth, but not SGA. Importantly, odds of preterm or SGA birth
in other areas were comparable to those seen in high SES areas.

To the best of our knowledge, this is the first study to have exam-
ined the association between changes in neighbourhood SES occur-
ring in short (four years) periods and birth outcomes in a nationwide
cohort. The findings from this study are consistent with previous evi-
dence while adding to the literature in meaningful ways. Our finding
that women in stable low SES and declining SES areas have higher
odds of preterm birth and SGA births is in line with studies conducted
in the US by Cubbin et al. (Texas) [6], and Magerison-Zilko et al. (Cali-
fornia) [7]. They found that long-term neighbourhood poverty and
poverty increase were associated with higher odds of preterm birth
and SGA. Both studies used the changes in the percentage of persons
below 100% of the federal poverty level as exposure, whereas we
examined the changes in a broader measure of neighbourhood socio-
economic conditions. Moreover, our study furthers the existing liter-
ature by investigating changes occurring over shorter periods than
those considered in the previous studies (20 to 40 years [6,7]). We
also found that women in neighbourhoods that show gentrification
(from low to medium SES) were more likely to experience preterm
birth. In their study, Cubbin et al. found that living in neighbourhoods
with decreasing poverty was associated with increased odds of pre-
term birth [6]. Additionally, Huynh et al. (New York City) found that,
for disadvantaged groups, living in rapidly gentrifying neighbour-
hoods was associated with an increased incidence of preterm birth
[11].

Previous studies have suggested lifestyle factors as mediators for
the relationship between neighbourhood SES and birth outcomes
[46,48]. However, in our study, we have not found any indication of
mediation by these variables. There are other plausible pathways
through which neighbourhood SES trajectories might impact birth
outcomes. One potential explanation relates to objective neighbour-
hood characteristics, particularly the physical environment. Several
studies have observed consistent associations between high noise
and air pollution levels and adverse birth outcomes, particularly in
deprived areas [52,59,60]. Moreover, inhabitants from declining and
continuously deprived areas might be more exposed to deteriorating
or poor built environment and housing conditions, factors that have
been linked to adverse birth outcomes [60�62]. Furthermore, living
in disadvantaged areas is associated with poor healthcare access and
uptake, which might, in turn, affect birth outcomes [63]. This mecha-
nism is supported by the findings from a recent European study
where favourable changes in neighbourhood SES were associated
with higher hypertensive pregnancies diagnosis rates [64]. Untreated
hypertensive pregnancies are a well-known risk for adverse birth
outcomes. A different pathway could be the psychological stress trig-
gered by perceived neighbourhood-related factors and constant
exposure to poverty-related issues [52]. For example, mothers living
in declining and persistently low SES neighbourhoods might perceive
lower social cohesion and safety than their counterparts living in
more advantaged areas. Both aspects have been linked to adverse
birth outcomes [65�68]. Furthermore, neighbourhoods undergoing
rapid economic improvement may also present certain stressors [11],



Table 3
Odds ratios (95% CI) from multilevel logistic regression for the relationship between neighbourhood SES trajectory and
birth outcomes.

A) Full sample

Neighbourhood SES trajectory Preterm birth SGA

Model 1 Model 2 Model 1 Model 2

Stable High REF REF REF REF
Stable Medium 1¢06 (1¢02-1¢10) 1¢04 (0¢99-1¢09) 1¢07 (1¢04-1¢10) 1¢03 (0¢99-1¢07)
Stable Low 1¢20 (1¢15-1¢25) 1¢12 (1¢07-1¢17) 1¢37 (1¢32-1¢42) 1¢19 (1¢15-1¢23)
Improving to High 0¢99 (0¢91-1¢07) 0¢98 (0¢91-1¢06) 0¢98 (0¢92-1¢04) 0¢97 (0¢92-1¢03)
Improving to Medium 1¢13 (1¢05-1¢22) 1¢09 (1¢02-1¢18) 1¢11 (1¢05-1¢18) 1¢04 (0¢98-1¢10)
Declining to Medium 1¢04 (0¢97-1¢11) 1¢03 (0¢97-1¢10) 1¢05 (1¢00-1¢10) 1¢03 (0¢98-1¢08)
Declining to Low 1¢17 (1¢10-1¢25) 1¢12 (1¢05-1¢20) 1¢23 (1¢17-1¢29) 1¢12 (1¢06-1¢18)

B) Subsample of women who remained in the same address throughout entire exposure period

Preterm birth SGA

Model 1 Model 2 Model 1 Model 2

Stable High REF REF REF REF
Stable Medium 1¢07 (1¢00-1¢14) 1¢05 (0¢99;1¢13) 1¢05 (1¢00;1¢10) 1¢02 (0¢97;1¢06)
Stable Low 1¢26 (1¢18-1¢34) 1¢17 (1¢09;1¢25) 1¢34 (1¢27;1¢41) 1¢17 (1¢11;1¢23)
Improving to High 1¢03 (0¢91-1¢06) 1¢02 (0¢90;1¢14) 0¢98 (0¢90;1¢08) 0¢98 (0¢90;1¢07)
Improving to Medium 1¢17 (1¢05-1¢31) 1¢12 (1¢01;1¢26) 1¢07 (0¢98;1¢16) 1¢00 (0¢92;1¢09)
Declining to Medium 1¢01 (0¢92-1¢12) 1¢00 (0¢91;1¢11) 1¢06 (0¢98;1¢14) 1¢04 (0¢96;1¢12)
Declining to Low 1¢15 (1¢04-1¢28) 1¢09 (1¢01;1¢18) 1¢26 (1¢14;1¢32) 1¢12 (1¢04;1¢20)

Model 1: Including only time-point dummy variables and time-period £ neighbourhood SES trajectory interactions.
Model 2: Including Model 1 terms and adjusting for individual-level characteristics: maternal age, parity, migration back-
ground and household income.
Stable High trajectory (most advantaged) as reference category (REF).
First time-period (2003-2006) used as reference.
Number of preterm births and SGA births in each SES category are displayed in Table 2.
Part B corresponds to estimates from sensitivity analysis 3b.
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such as rising rents and higher prices for neighbourhood resources
(e.`g., stores and food outlets) [7]. Stress is hypothesised to be the
main pathway for low SES neighbourhoods that are quickly improv-
ing, especially for long-term residents [11]. This might explain the
differences between preterm birth and SGA in neighbourhoods
improving from low to medium, as preterm birth may be more sensi-
tive to maternal stress [69].

A unique strength of this study is its longitudinal approach
towards neighbourhood social and economic conditions, which
allows taking into account neighbourhoods’ dynamic nature. Using
national-level routinely collected data corresponding to an extended
period (2003-2017) led to over two million individual records avail-
able for analysis. By assessing several types of declining, ascending
and stable neighbourhood trajectories, our results provide more pre-
cise information about the type of change that might be the most det-
rimental (i.e. decline to low SES). A limitation of this study is that CBS
could not link some of the births, and therefore these could not be
included in the analysis. However, the impact of this is likely small as
the percentage of unlinked births was only around 3%. Furthermore,
it cannot be ruled out that the observed association can be due to
compositional effects related to the selective sorting of people into
neighbourhoods [70,71]. However, previous research has found that
income and ethnicity are the most important drivers of neighbour-
hood sorting [72], characteristics we have included in our models.
We did not account for certain relevant potential confounders in the
main analysis, e.g., maternal education, previous preterm birth (or
SGA), hypertension, and diabetes, due to the lack of (high-quality)
information. However, adding information on maternal education,
hypertension and diabetes to the models in the sensitivity analyses
did not change the conclusions. Furthermore, the results from the
siblings-comparison analysis supported the conclusions derived from
the main analysis. We computed the E-values for the statistically sig-
nificant results. For example, the E-value for the Declining to Low SES
trajectory was 1¢5 for both preterm birth and SGA. Thus, residual con-
founding could explain the observed association if there exists an
unmeasured covariate having an association (OR) at least as large as
1¢5 with both the exposures and outcomes. Given the OR values for
the known risk factors, it is not likely that an unmeasured or
unknown confounder would have a substantially greater effect on
adverse birth outcomes than the covariates already included.

From a public health standpoint, this study has several implica-
tions. Our findings indicate a higher risk of adverse birth outcomes
for mothers living in persistently low SES neighbourhoods and areas
in decline. At the same time, the odds of SGA for mothers living in
improving neighbourhoods (improving to medium SES) is not signifi-
cantly different from the odds for mothers in the most advantaged
areas. This study suggests that longitudinal neighbourhood SES
measures should also be taken into account when selecting a target
population for public health interventions. Last, in agreement with
previous research [34], our results indicate that even though differen-
ces in outcomes between most and least disadvantaged areas seem to
be narrowing, they remain persistent [34]. Therefore, it is vital to con-
tinue public health actions to reduce this gap.

Future studies should focus on how changes in neighbourhood
SES affect different strata of the population, e.g. ethnic minorities.
Furthermore, future research needs to further investigate the under-
lying mechanisms driving the observed association, e.g., healthcare
uptake and access, neighbourhood crime rates, social cohesion, air
pollution, greenness, and walkability. To appropriately inform deci-
sion-makers when developing public health interventions, further
research is necessary to pinpoint the causal pathways by which
neighbourhood SES trajectories affect birth outcomes.

In conclusion, our results indicate that, in the Netherlands,
women living in neighbourhoods with disadvantaged SES trajectories
were more likely to experience adverse birth outcomes. Results from
this study suggest that, longitudinal neighbourhood SES measures
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should also be taken into account when selecting a target population
for public health interventions.
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