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Figure 2  Prevalence (per 1000 births) of perinatal mortality, premature birth and SGA by neighbourhood deprivation quintile (2003–2017). SGA, 
small for gestational age.

Discussion
In the Netherlands, between 2003 and 2017, the prevalence 
of perinatal mortality, premature birth and SGA consistently 
decreased over time in all area deprivation quintiles, being the 
most deprived areas the ones showing the largest improvements. 
Although absolute inequalities in these outcomes decreased over 
time, relative inequalities in birth outcomes by neighbourhood 
deprivation level remained fairly constant.

A major strength of this study is its longitudinal approach, 
which allows observing time trend differences in birth outcomes. 
Another strength is the amount of data available for the anal-
yses; the dataset was drawn from a national-level registry over 
a long period 2003–2017, covering >97% of all births in the 
Netherlands, resulting in over 2.3 million records available for 
analysis. The dynamic nature of neighbourhood deprivation 
was taken into account as the index was updated over the study 
period. This is important as most previous studies only used a 
single cross-sectional measure of neighbourhood deprivation 
for the entire period.29 30 Our finding of declining absolute but 
persisting relative inequalities confirmed that considering abso-
lute and relative measures of health inequalities is necessary and 
provides complementary information. A limitation is that certain 
factors that are more prevalent among residents of deprived 
neighbourhoods and that could account for part of the observed 

variability (eg, overweight and maternal smoking)31 were not 
available in the dataset. Another limitation is that not all births 
in the dataset could be linked to a deprivation index, mainly due 
to the deprivation index not being available for areas with <200 
inhabitants or a missing place of residence of the mother, but the 
impact is likely small as only 3.2% of all births had a relevant 
data item missing.

A decrease in the overall prevalence of unfavourable birth 
outcomes in the Netherlands is consistent with the findings of 
European reports.23 32 The overall decreasing trend and the 
reduction of absolute inequalities could partly be explained by 
changes in the organisation of preconceptional, antenatal and 
postnatal care and public health actions.33 Apart from strategies 
to improve birth outcomes in the general population, policies 
targeting the most deprived sectors of the population were 
also made available in this period. Also, multiple intervention 
programmes to improve perinatal health were launched with 
a general focus on vulnerable populations.34 35 As found in 
previous studies,36 maternal smoking is an important contrib-
utor to inequalities in birth outcomes. It is possible that the 
reduction in absolute inequalities may in part have been affected 
by changes in tobacco control policies and decreasing smoking 
rates.37
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Studies looking into trends in health inequalities in birth 
outcomes using area-level deprivation are rather rare.17 19 The 
results from the present study are in line with previous studies 
in the field of health inequalities, while adding to the literature 
in multiple ways. In the current study, the absolute rates and 
RRs showed a social gradient, where the largest inequalities 
were observed between the most and the least deprived quin-
tiles. Furthermore, the social gradient in relative terms remained 
persistent over the study period. These results are similar to what 
was found by Gray et al in Scotland,17 however, their study focused 
on premature birth, in contrast, the present study also includes 
perinatal mortality and SGA as outcomes. As in the study by Luo et 
al,19 conducted in the Canadian province of British Columbia, the 
largest inequalities in the present study were observed in urban-
ised neighbourhoods, however, this paper has the added value of 
using a nationwide population database. An explanation for these 
results could be that residents of deprived neighbourhoods in 
urbanised areas have higher exposure to social and environmental 
risk factors for unfavourable birth outcomes, such as air pollution, 
ambient noise, higher temperatures and stress.38 Alternatively, 
stronger inequalities in urbanised areas may be found due to the 
calculation method of the NIVEL deprivation index. The index 
includes address density, where higher density values have a higher 
contribution to the index and vice versa.27 39 This feature might 
make the index less sensitive to displaying disadvantage in low 
urbanised areas as the variation in address density is likely lower in 
rural areas and its contribution to inequalities smaller. Addition-
ally, some authors have argued that existing deprivation indexes 
mostly take into account characteristics of urban settings that may 
be less relevant in capturing rural deprivation.40 41 A particular 
difference, and asset, of the present study compared with previous 
research is the context of overall substantial improvement in birth 
outcomes in the Netherlands during the study period. The results 
of this study are remarkable as they show that even in the context 
of such large overall improvements, where these have permeated 
in absolute terms across all deprivation levels, relative inequalities 
have still remained persistent over time.

The present study aimed to describe trends in health inequal-
ities in birth outcomes in the Netherlands to provide insight 
and aid in the formulation of hypotheses for future, potentially, 
research on the underlying mechanisms, instead of focusing 
on finding casual associations. Further research is necessary to 
explore the underlying mechanisms for the likely causal effects 
of neighbourhood deprivation on birth outcomes.

The main findings indicate that there is still work to be done 
to reduce inequalities in birth outcomes between more and less 
deprived neighbourhoods in the Netherlands. Apart from the 
general importance of promoting health across all age groups, 
the reduction of inequalities in birth outcomes is especially 
important because of evidence linking early life conditions to 
long-term health and social functioning. Long-term health 
outcomes could be jeopardised not only by unfavourable birth 
outcomes but also due to the additional effect of growing up 
in a disadvantaged neighbourhood. Moreover, the association 
between neighbourhood deprivation and birth outcomes could 
be an important channel explaining how poor health and social 
performance prevail across generations.42

In conclusion, although absolute inequalities in adverse birth 
outcomes in the Netherlands have been narrowing over time, 
relative inequalities remained persistent over the observed 
period. These findings provide support for continuing public 
health actions to reduce these inequalities and advancing research 
efforts to explore the underlying mechanisms of neighbourhood 
effects on health outcomes.
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Table 4  Rate ratios (95% CI) for birth outcomes 2003–2017 per neighbourhood deprivation quintile

Birth outcomes 2003 2008 2012 2017 Change (95% CI)*

Perinatal mortality

Q1 (least deprived) REF REF REF REF REF

 � Q2 0.91 (0.87 to 0.93) 0.95 (0.90 to 0.98) 0.94 (0.89 to 0.97) 1.01 (0.96 to 1.05) 0.10 (0.09 to 0.10)

 � Q3 1.02 (0.98 to 1.05) 1.15 (1.09 to 1.18) 0.92 (0.88 to 0.95) 1.09 (1.03 to 1.12) 0.07 (0.06 to 0.07)

 � Q4 0.92 (0.88 to 0.95) 1.08 (1.03 to 1.12) 1.11 (1.06 to 1.14) 1.08 (1.03 to 1.11) 0.16 (0.15 to 0.17)

Q5 (most deprived) 1.24 (1.19 to 1.27) 1.24 (1.19 to 1.28) 1.42 (1.36 to 1.46) 1.21 (1.15 to 1.25) −0.03 (−0.03 to −0.05)

Premature birth

 � Q1 REF REF REF REF REF

 � Q2 1.02 (1.01 to 1.03) 0.94 (0.93 to 0.96) 1.01 (0.99 to 1.02) 1.01 (0.99 to 1.02) −0.01 (−0.01 to −0.01)

 � Q3 1.05 (1.04 to 1.06) 1.03 (1.02 to 1.05) 1.03 (1.02 to 1.05) 1.06 (1.05 to 1.07) 0.01 (0.01 to 0.01)

 � Q4 1.07 (1.06 to 1.08) 1.08 (1.07 to 1.1) 1.08 (1.07 to 1.09) 1.10 (1.08 to 1.11) 0.04 (0.03 to 0.04)

 � Q5 1.22 (1.21 to 1.24) 1.12 (1.10 to 1.13) 1.07 (1.06 to 1.09) 1.16 (1.15 to 1.18) −0.06 (−0.06 to −0.05)

SGA

 � Q1 REF REF REF REF REF

 � Q2 1.06 (1.05 to 1.07) 1.03 (1.02 to 1.04) 1.08 (1.07 to 1.09) 1.07 (1.05 to 1.07) 0.01 (0.01 to 0.01)

 � Q3 1.13 (1.12 to 1.14) 1.16 (1.15 to 1.18) 1.16 (1.15 to 1.17) 1.15 (1.14 to 1.16) 0.02 (0.01 to 0.02)

 � Q4 1.27 (1.26 to 1.28) 1.30 (1.28 to 1.31) 1.30 (1.28 to 1.31) 1.26 (1.25 to 1.27) −0.01 (−0.01 to −0.01)

 � Q5 1.58 (1.56 to 1.59) 1.53 (1.51 to 1.54) 1.53 (1.52 to 1.55) 1.51 (1.49 to 1.52) −0.07 (−0.07 to −0.06)

Absolute rates presented per 1000 births; rate ratios calculated using least deprived quintile (Q1) as reference category.
*Change is the value of 2017 minus the value of 2003.
CI, 95% confidence interval; SGA, small for gestational age.

Figure 3  Rate ratios for perinatal mortality, premature birth and SGA by neighbourhood deprivation quintile (least deprived quintile used as 
reference category) 2003–2017. SGA, small for gestational age.
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What is already known on this subject

►► Health inequalities can be observed since early life in form of 
unfavourable birth outcomes.

►► Living in a disadvantaged neighbourhood has been 
associated with higher risk of unfavourable birth outcomes.

What this study adds

►► This study found that in the Netherlands absolute inequalities 
in perinatal mortality, premature birth and small for 
gestational age decreased over time, and steeper decreasing 
trends were observed for the most deprived quintile.

►► Despite the improvement in absolute terms, relative 
inequalities in birth outcomes by neighbourhood deprivation 
level remained fairly constant over time.
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