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A B S T R A C T

Preterm birth (PTB), defined as birth before 37 completed weeks of gestation, is a major public health concern 
with long-term health consequences. Risk factors for (spontaneous) PTB (sPTB) include medical, lifestyle, de-
mographic, environmental, and obstetric factors. Low socioeconomic status (SES) and late initiation of antenatal 
care (ANC) are known contributors, but their municipal-level impact remains understudied. This study explores 
the distribution of sPTB across Dutch provinces and municipalities and assesses the role of SES and ANC in 
regional disparities to inform targeted, place-based interventions.

Data from the Netherlands Perinatal Registry (PERINED) on 952,262 singleton pregnancies (2016–2021) were 
analyzed. Incidence rates of PTB and sPTB were calculated per province and municipality. Logistic regression 
was used to calculate crude and adjusted sPTB odds ratios across 12 provinces and 364 municipalities. Adjust-
ments were made for SES, late ANC, and risk factors including parity, maternal age, ethnicity, fetal sex and 
urbanisation level.

The incidence of sPTB was 3.6%, with substantial variation across provinces and municipalities (range 
2.1–6.6%). Regional differences were partly influenced by SES, late initiation of ANC, and maternal and 
pregnancy-related characteristics, but persisted after adjustment. Additional adjustment for urbanisation atten-
uated these regional disparities.

There are marked geographic disparities in PTB and sPTB odds across the Netherlands, not fully explained by 
SES or late ANC. Further research into local environmental or contextual factors is needed to inform targeted 
strategies for improving perinatal health outcomes.

Introduction

Preterm birth (PTB), defined as delivery before 37 weeks of gesta-
tion, is a major public health issue due to its potential lifelong health 
consequences and significant impact on families and economic out-
comes [1–3]. The causes of PTB are complex and multifactorial,

particularly in cases of spontaneous PTB (sPTB), where specific risk 
factors including a variety of medical, socioeconomic, demographic, 
environmental, and obstetric factors, are often difficult to identify [4,5]. 
Gaining insight into the distribution and underlying factors of sPTB is 
essential for guiding effective public health strategies.

Socioeconomic status (SES) is a known determinant of health, with

Abbreviations: PTB, preterm birth; sPTB, spontaneous preterm birth; mPTB, medically indicated preterm birth; SES, social economic status; ANC, antenatal care; 
SGA, small for gestational age; HDP, hypertensive disease of pregnancy; OR, odds ratio; CI, confidence interval.
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substantial evidence linking lower SES to an increased risk of PTB [6,7]. 
In addition to SES, late initiation of antenatal care (ANC), defined as first 
receiving care after 14 weeks of gestation, has been linked to an 
increased likelihood of sPTB, although studies on this subject are limited 
[8]. Despite the Netherlands' relatively egalitarian social system where 
antenatal care is free and easily accessible for citizens working or living 
in the Netherlands, notable geographic disparities in birth outcomes are 
evident across and within various regions Tromp et al., 2009; Bertens 
et al., [9,10]. Although recent data show some improvements, these 
regional disparities persist, making the Netherlands a valuable context 
for studying disparities in adverse birth outcomes Bertens et al., 
[10–12]. Research on national PTB trends indicates that while PTB rates 
have generally declined, these improvements have not extended to 
lower SES groups [12]. Recent national studies have also examined the 
geographical distribution of PTB, with a particular focus on urban areas 
where SES and ethnic disparities are often more pronounced Burgos 
Ochoa et al., 2021 Nov; Bertens et al., [6,10,13–17]. These studies un-
derscore the influence of SES and neighbourhood deprivation on birth 
outcomes, providing important insights into birth outcomes within 
metropolitan regions.

Building on these findings, our study takes a next step by extending 
this analysis beyond urban areas to include rural areas by including all 
municipalities nationwide. By examining sPTB patterns across the whole 
country, we aim to determine if there are regional differences and if SES-
differences provide a more comprehensive understanding of sPTB dis-
tribution differences nationwide. Additionally, as there is limited 
research on the impact of late entry into antenatal care (ANC) on sPTB, 
our study seeks to explore whether delayed entry of ANC is also a 
contributing factor to sPTB risk explaining the regional differences. The 
aim of the study is to analyze possible regional differences at provincial 
and municipal level in PTB and in specific sPTB and the role of SES, late 
initiation of ANC and other established risk factors in explaining these 
regional differences. This study also aims to identify regions where 
targeted preventive care is most needed to help reduce sPTB rates.

Methods

Study population and demographics

The Netherlands Perinatal Registry (PERINED) is a nationwide 
cohort and consists of population-based data on pregnancy, delivery and 
neonatal outcomes (https://www.perined.nl). The coverage of the 
PERINED registry is approximately 98% of all deliveries in The 
Netherlands.

For this study, we selected all registered pregnancies from January 
1st 2016 to December 31st 2021. Multiple pregnancies and pregnancies 
with GA < 24 + 0 weeks and GA ≥ 43 + 0 weeks were excluded. In 
addition, we excluded records with missing postal code, neighbourhood 
deprivation index and municipalities with fewer than 10 sPTB cases, 
including”Rozendaal” and the small islands “Schiermonnikoog”, “Ter-
schelling”,”Vlieland” and “Ameland”. Additional exclusion criteria for 
PTB were congenital abnormalities and antepartum fetal deaths.

Outcome measures

PTB was defined as birth before 37 + 0 completed weeks of gestation. 
sPTB included all preterm births after spontaneous onset of contractions, 
excluding iatrogenic deliveries (elective caesarean section or induction). 
Gestational age was based on first trimester crown rump length mea-
surement or last menstrual period when the former was not available. 
Secondary outcome measurements were (s)PTB < 34 + 0, (s)PTB < 32
+ 0 and (s)PTB < 28 + 0 weeks.

Determinant and covariables

All women’s residential four-digit postal codes were assigned to a

municipal area based on the municipal postal code list of 2016. Defi-
nitions of all determinants and covariates are listed in Table 1. These 
include SES (based on four-digit postal code), ANC timing, parity, 
maternal ethnicity, fetal sex, maternal age. Gestational diabetes, hy-
pertensive disease of pregnancy (HDP) and small for gestational age 
(SGA) were included as descriptive variables. Crude odds ratios (ORs) 
were calculated for all variables.

Missing data

Less than 1% of data of the covariates were missing: maternal age (n
= 2663), birthweight (n = 1355) and fetal sex (n = 65). These missing 
variables were imputed with a chained equation approach.

Statistical analysis

The unit of analysis in our study is the individual pregnancy/birth. 
Numbers and incidence of PTB and sPTB per 100 births were tabulated 
for each province and each municipality. We used logistic regression 
analyses to describe the crude PTB and sPTB ORs and 95% confidence 
intervals in each province and each municipality in The Netherlands. As 
the reference group, we selected the province or municipality with a risk 
of sPTB closest to the national average. As a sensitivity analysis, out-
comes at the provincial level were stratified into three gestational age 
categories (<34, <32, and < 28 weeks) for both PTB and sPTB, with 
absolute numbers, percentages, and adjusted odds ratios reported. 

Specifically for sPTB, we examined all municipalities with a signifi-
cantly increased crude OR of sPTB in more detail. We performed a 
stepwise adjustment to explore the influence of various risk factors. 
Since SES and late initiation of ANC are central to our main research 
question, we conducted separate analyses for each of these factors in our 
first two models. In the third model, SES, late ANC, parity, maternal age,

Table 1
Definition and categorisation of the determinants and covariables.

Determinants Definition and categorization

Social Economic Status 
(SES)

Four indicators
SES was measured continues and dived in 
quintiles (Supplement table 2)
1. The proportion of residents with a low 

educational level
2. The average household income
3. The proportion of residents with a low income
4. Proportion of unemployed residents.

Late initiation of antenatal 
care (ANC)

Start ANC >=14 weeks Yes/No

Parity Nulliparous (P0)
Multiparous (≥P1)

Maternal ethnicity White (Caucasian)
Mediterranean (Turkey/Morocco)
African Creole (referred to as African)
South Asian/Hindustan (referred to as South 
Asian)
Other non-Western

Fetal sex Male/female
Maternal age <24 years

24–29 years
30–35 years
=>35 years

Hypertensive disease of 
pregnancy (HDP)

Pregnancy induced hypertension 
Pre-eclampsia/HELLP

(Gestational) diabetes Gestational diabetes
Diabetes mellitus type 1 and 2

Small for gestational age 
(SGAp10)

Birth weight centile for gestational age and sex 
less than 10 percentile

Urbanisation Definition by Statistics Netherlands (CBS):
Very strongly urbanized (≥2000 residents/km 2 ) 
Strongly urbanized (1000–1999 residents/km 2 ) 
Moderately urbanized (500–999 residents/km 2 ) 
Rural (250–499 residents/km 2 )
Very rural (<250 residents/km 2 )
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ethnicity, and fetal sex were included. In the fourth model urbanisation, 
a more environmental-level factor, was added to assess its area based 
contribution to the risk of sPTB. Bonferroni correction was applied in the 
adjusted logistic regression analysis. Here a more conservative signifi-
cant p-value < 0.04 was used.

In addition, interaction between adjustment variables was assessed 
by including pairwise interaction terms in the logistic regression models. 
To provide insight into the significant interactions of urbanisation we 
calculated absolute risks of sPTB for relevant subgroups.

For the analysis of municipal and sPTB we compared sPTB with term 

births and medically indicated PTB (mPTB) combined, with a sensitivity 
analysis excluding mPTB.

The baseline characteristics are reported for the municipalities with 
an increased risk of sPTB, including maternal and pregnancy-related risk 
factors.

Data were analyzed using the SAS statistical software package, 
version 9.4 (SAS Institute Inc, NC, USA) and R version 4.3.2 with the 
MICE package.

Details of Ethics approval

Permission for use and analysis of data for the purpose of the study 
was obtained from the Netherlands Perinatal Registry (approval number 
20.37). Anonymous registry data were used so no ethical approval was 
needed. Besides ethical approval, we contacted the regional caregivers 
to discuss our findings, both to converse about possible causes and avoid 
confrontation with unknown data after publication.

Results

Study population and baseline demographics.
In total, 969,383 singleton pregnancies between 24 + 0 and 42 + 6 

weeks were observed in the national perinatal database between 2016 
and 2021. Pregnancies with missing postal code were excluded, leaving 
n = 958,666 singleton pregnancies for final analysis. After excluding 
congenital anomalies and antepartum death, 952,262 pregnancies

remained. Data from 364 municipalities were included in the study, 
each comprising between 10 and 85 four-digit postal code areas. Fig. 1 
shows the flowchart of our cohort.

The PTB incidence was 5.0% and the sPTB incidence was 3.6% (n = 

33,936) with a range from 2.1% to 6.6%. To illustrate geographic pat-
terns, the maps in Fig. 2 show the distribution of PTB and sPTB across 
the Netherlands, as well as the distribution of all births expressed as 
birth rates per km 2 across the municipalities (Fig. 2a–c).

The provinces Limburg and Brabant had a significantly increased risk 
in PTB and the province Limburg had a significantly increased risk of 
sPTB (Table 2). Subgroup analyses at the provincial level based on three 
gestational age categories (<34, <32, and < 28 weeks) for both PTB and 
sPTB indicated regional variation with additional differences identified 
in provinces Friesland and Gelderland (Supplement Table S4).

The municipalities with the most urbanised areas, Amsterdam (n = 

3072) and Rotterdam (n = 2530), had the highest absolute numbers of 
PTB and sPTB (Supplement Table S1).

There were 17 municipalities with a significantly increased crude OR 
for sPTB compared to the mean risk (Table 3). Most of these munici-
palities were in the provinces Limburg and Brabant (Fig. 2b). Excluding 
mPTB did not change these results. Risk factors besides province or 
municipality that were associated with an increased risk for sPTB were: 
low SES, late ANC, nulliparity, maternal age < 24 years, male fetal sex 
and African, South-Asian and other non-Western ethnicity (Supplement 
Table S2). High SES and very rural urbanisation were protective for 
sPTB.

Women living in an area with low SES had an increased risk on sPTB 
with an OR of 1.11 95% CI (1.09–1.13). Therefore, we first adjusted the 
analysis for SES. In six out of the 17 municipalities the OR of sPTB that 
was no longer significantly elevated after adjusting for SES. However, in 
the remaining 11 municipalities, the elevated risk persisted even after 
adjusting for low SES (Table 3). Late initiation of ANC was associated 
with an increased OR for sPTB of 1.68 95% CI (1.64 – 1.73). In only two 
municipalities the sPTB OR was no longer significantly increased after 
adjusting for late initiation of ANC. After further adjusting for the 
additional risk factors for sPTB, including nulliparity, ethnicity,

Fig. 1. Flowchart inclusions.
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maternal age, and male fetal sex, 14 out of the 17 municipalities still 
showed an elevated OR for sPTB. After incorporating the level of ur-
banisation into the analysis, the association was no longer statistically 
significant in seven of the 17 municipalities.

The distribution of the risk factors for the 17 municipalities with 
increased risk for sPTB showed substantial heterogeneity in SES. Some 
municipalities had lower SES or late initiation of ANC. However not all 
municipalities with an increased sPTB risk were characterised in that 
way (Table 4). The majority of municipalities with a significantly 
increased risk of sPTB were characterized by a relatively low population 
density (rural area).

There was a significant interaction between urbanisation and the 
factors parity, ethnicity, and maternal age, as well as between SES and 
nulliparity and ethnicity (Supplementary Table S3). Table 5 presents the 
absolute risks of sPTB for the relevant combined subgroups stratified by 
urbanisation. Within rural areas, nulliparous women, women with a late 
initiation of ANC, and women of non-Western ethnicity tend to exhibit 
higher sPTB risks.

Discussion

We found that the incidence of PTB and sPTB varies significantly across 
provinces and municipalities in the Netherlands, uncovering notable 
regional disparities. Our analysis identified municipalities where the odds 
ratio for sPTB was significantly higher than the national average. These 
municipalities were predominantly located in the provinces of Brabant and 
Limburg. Although cities like Amsterdam and Rotterdam had the highest

absolute numbers of sPTB, they were not among the municipalities with the 
highest relative risk. Subgroup analyses at the provincial level, focussing on 
three gestational age categories (<34, <32, and < 28 weeks) for both PTB 
and sPTB, indicated regional variation, with additional differences identi-
fied in provinces Friesland and Gelderland (Supplement Table S4). 
Furthermore, in our study, the observed increase in sPTB appeared to be 
only partially influenced by low SES and late initiation of ANC.

Even after adjustment for additional established risk factors for sPTB, 
including parity, ethnicity, maternal age and fetal sex, the majority of 
municipalities continued to demonstrate an elevated risk. This suggests 
that these factors alone do not fully account for the observed geographical 
variation in the increased sPTB rates. After including urbanisation level in 
the model, the number of municipalities with a statistically significant 
increased risk of sPTB was reduced. This suggests that urbanisation, both 
toward an increased risk in the more urban settings and a more decreased 
risk in the more rural settings, may act as a mediating or confounding 
factor in the association between geographic location and sPTB risk at the 
municipal level. Notably, many of the municipalities with elevated risk 
were characterized by rural population sizes, indicating that risk factors for 
sPTB in combination with rural areas may have contributed more promi-
nently to the observed differences. Our interaction analysis revealed that 
these rural areas also encompass groups typically considered at higher risk 
for sPTB, groups that are generally more prevalent in an urban population. 
One possible explanation is that preventive measures and monitoring ef-
forts in large cities tend to prioritise these high–risk groups, which may 
render comparable women in rural settings less visible to healthcare 
providers.

Fig. 2.
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Fig. 2. (continued).

Table 2
Numbers and rated of PTB and sPTB by province in singletons in the years 2016–2021.

Provinces Total births Preterm birth (PTB) spontaneous PTB (sPTB)
N n % Odds ratio

PTB
Adjusted Odds ratio # n % Odds ratio

sPTB
Adjusted Odds ratio #

Groningen 28.692 1.511 5,27% 1.05 
(0.98 – 1.13)

0.99 
(0.92 – 1.06)

1.082 3,77% 1.03 
(0.95 – 1.13) 

1.001 
(0.92 – 1.10) 

Friesland 32.514 1.638 5,04% 1.00 Reference 1.00 Reference 1.236 3,80% 1.04 
(0.96 – 1.13) 

1.06 
(0.97 – 1.16) 

Drenthe 23.050 1.183 5,13% 1.02 
(0.94 – 1.10) 

1.02 
(0.94 – 1.10) 

849 3,68% 1.01 
(0.92 – 1.11) 

1.03 
(0.93 – 1.13) 

Overijssel 63.200 3.065 4,85% 0.96 
(0.90 – 1.02) 

0.97 
(0.91 – 1.03) 

2.076 3,28% 0.89 
(0.83 – 0.97) 

0.92 
(0.85 – 0.99) 

Gelderland 110.818 5.329 4,81% 0.95 
(0.90 – 1.01) 

0.98 
(0.92 – 1.03) 

3.769 3,40% 0.93 
(0.86 – 0.99) 

0.97 
(0.90 – 1.04) 

Noord-Holland 166.193 7.986 4,81% 0.95 
(0.90 – 1.01) 

0.92 
(0.87 – 0.97) 

5.708 3,43% 0.94 
(0.87 – 1.01) 

0.93 
(0.87 – 0.999)

Flevoland 27.026 1.450 5,37% 1.07 
(0.99 – 1.15) 

1.04 
(0.97 – 1.12) 

989 3,66% 1.00 Reference 1.00 Reference

Utrecht 81.663 3.780 4,63% 0.92 
(0.86 – 0.97) 

0.93 
(0.88 – 0.99) 

2.614 3,20% 0.87 
(0.81 – 0.94) 

0.91 
(0.84 – 0.98) 

Zuid-Holland 219.580 11.393 5,19% 1.03 
(0.98 – 1.09) 

0.99 
(0.94 – 1.05) 

8.105 3,69% 1.01 
(0.94 – 1.08) 

1.01 
(0.94 – 1.08) 

Noord-Brabant 132.765 7.156 5,39% 1.06 
(1.01 – 1.12) 

1.07 
(1.01 – 1.13) 

4.978 3,75% 1.03 
(0.96 – 1.10) 

1.03 
(0.97 – 1.11) 

Zeeland 17.817 795 4,46% 0.88 
(0.81 – 0.96) 

0.86 
(0.79 – 0.94) 

599 3,36% 0.92 
(0.83 – 1.02) 

0.91 
(0.82 – 1.01) 

Limburg 48.944 2.784 5,69% 1.14 
(1.07 – 1.21)

1.08 
(1.01 – 1.15)

1.931 3,95% 1.08 
(1.00 – 1.17)

1.05 
(0.97 – 1.13)

Total 952.262 48.070 5,05% 33.936 3,56%

# adjusted for parity, age, late initiation of ANC, male fetal sex, ethnicity, SES. 
Green = significant reduced (s)PTB.
Red = significant elevated (s)PTB.
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Nonetheless, these findings do not fully account for the observed 
regional disparities, as a substantial proportion of the variation in sPTB 
risk remains unexplained. This suggests that additional, yet unidenti-
fied, contextual or environmental factors may be contributing to the 
observed disparities. These findings underscore the importance of 
investigating sPTB at the local level, as effective public health strategies 
may need to be tailored to the specific structural and social character-
istics of individual municipalities.

Comparison with the literature

Our findings are consistent with previous studies that have identified 
regional disparities in sPTB in and across high human-development 
index countries. Zeitlin et al. found that, even across five high-income 
countries, two-thirds of all elevated risk for PTB remained unex-
plained despite known risk factors [18]. Our study adds to this 
perspective by demonstrating that even within a single country or 
healthcare system, substantial geographic disparities persist. The study 
by Murray et al. (2020) on preterm birth rates in Sweden also identified 
regional differences in preterm delivery rates within a single-country 
context and concluded that these variations could not be explained by

individual risk factors [19]. This aligns with our findings, where existing 
determinants only account for part of the observed variation. Conversely 
the U.S. county-level study on PTB rates (2007–2019) did find that 
counties with the greatest social disadvantage had the highest preterm 

and early PTB rates, with these disparities largely explained by place-
based socioeconomic factors [20]. The discrepancy in findings may 
partly be explained by the inclusion of additional social determinants in 
their analysis, such as household composition and disability, minority 
status and language, and housing and transportation, which were not 
accounted for in our study. Similarly, previous research in the 
Netherlands has consistently shown that low SES, especially in urban 
neighbourhoods, is associated with higher sPTB risks Bertens et al., 
[10,13–16]. Our study suggests that, at the municipal level, regional 
differences in sPTB are only partially influenced by SES. This indicates 
that, although SES-related disparities are clearly present at the neigh-
bourhood level, broader regional variations are likely influenced by 
additional factors beyond SES alone. However, the current method does 
not capture variation related to individual-level SES factors and does not 
account for differences within municipalities. This is particularly rele-
vant in large municipalities such as Amsterdam and Rotterdam, where 
substantial variation at the individual level exists potentially obscuring

Table 3
Municipalities with increased sPTB odds ratio’s with crude and adjusted odds ratio’s.

Province Municipal sPTB < 37 þ
0 (3.6%)

Odds ratio 
95% BI crude

Adjusted 1: SES 
quintilles

Adjusted 2: Late initiation 
of ANC

Adjustment: #3 Adjustment #4 ¼ 
#3 and 
urbanisation

Groningen ​ ​
Friesland Franekeradeel 5.2% 1.47 (1.06 – 

2.05) 
NS 1.54 (1.11 – 2.09) 1.49 (1.07 – 

2.08) 
NS

Drenthe Hoogeveen 4.6% 1.30 (1.02 – 
1.64)

NS 1.35 (1.07 – 1.70) 1.35 (1.06 – 
1.70)

1.30 (1.10 – 1.54)

Overijssel ​ ​
Noord
Holland

Texel 5.8% 1.65 (1.05 –
2.59) 

1.57 (1.004 – 
2.48) 

NS NS NS

​ Den Helder 4.6% 1.28 (1.001 – 
1.62) 

NS NS NS NS

​ Hillegom 4.9% 1.38 (1.02 – 
1.88)

NS 1.46 (1.07 – 2.00) 1.43(1.05 – 
1.95)

1.42 (1.08 – 1.82)

Utrecht ​ ​
Flevoland ​ ​
Zuid-Holland Leidschendam-

Voorburg' 
3.6% 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref) 1.00 (Ref)

Brabant Dongen 5.0% 1.39 (1.04 – 
1.87) 

1.37 (1.02 – 
1.84) 

1.49 (1.11 – 1.99) 1.50 (1.11 – 
2.01) 

1.48 (1.15 – 1.88)

​ Hilvarenbeek 5.6% 1.58 (1.08 – 
2.30) 

1.56 (1.07 – 
2.29) 

1.54 (1.06 – 2.52) 1.57 (1.07 – 
2.30) 

NS

​ Woensdrecht 6.1% 1.72 (1.24 – 
2.39) 

1.69 (1.22 – 
2.35)

1.77 (1.23 – 2.46) 1.71 (1.27 – 
2.46) 

1.75 (1.30 – 2.30)

​ Cranendonck 5.0% 1.42 (1.02 – 
1.97) 

NS 1.49 (1.07 – 2.08) 1.54 (1.11 – 
2.16)

1.51 (1.12 – 2.00)

​ Geertruiden-berg 5.2% 1.45 (1.06 – 
1.99) 

1.42 (1.04 – 
1.94)

1.52 (1.12 – 2.09) 1.48 (1.09 – 
2.04)

1.47 (1.11 – 1.90)

Zeeland ​ ​
Limburg Nederweert 5.2% 1.47 (1.04 – 

2.08) 
1.44 (1.01 – 

2.05) 
1.25 (1.01 – 1.55) 1.56 (1.10 – 

2.21)
1.55 (1.12 – 2.09)

​ Peel en Maas 4.7% 1.32 (1.01 – 
1.71) 

NS 1.33 (1.02 – 1.73) NS NS

​ Landgraaf 5.6% 1.57 (1.19 – 
2.07) 

1.47 (1.12 – 
1.95) 

1.49 (1.13 – 1.97) 1.39 (1.05 – 
1.84) 

NS

​ Brunssum 5.6% 1.58 (1.17 – 
2.14) 

1.49 (1.10 – 
2.02) 

1.48 (1.09 – 2.00) 1.38 (1.02 – 
1.87) 

NS

​ Heerlen 5.1% 1.43 (1.15 – 
1.78) 

1.36 (1.09 – 
1.70) 

1.38 (1.10 – 1.72) 1.29 (1.03 – 
1.62) 

1.22 (1.05 – 1.42)

​ Weert 4.8% 1.35 (1.05 – 
1.72) 

1.29 (1.003 – 
1.65) 

1.38 (1.08 – 1.77) 1.33 (1.03 – 
1.71) 

1.33 (1.09 – 1.59)

​ Onderbanken 6.6% 1.89 (1.17 – 
3.05)

1.89 (1.12 – 
2.92)

1.80 (1.11 – 2.91) 1.76 (1.08 – 
2.85)

1.73 (1.06 – 2.66)

Adjustment 1: Social Economic Status (SES).
Adjustment 2: Late initiation of antenatal care (ANC).
Adjustment 3: SES, Late initiation of ANC, parity, maternal age, SES, ethnicity, fetal sex.
Adjustment 4: SES, Late initiation of ANC, parity, maternal age, SES, ethnicity, fetal sex and urbanisation. 
NS = non significant p value >= 0.04.
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critical intra-urban disparities Agyemang et al., [15,21].

Strengths and limitations

A key strength of this study is that we were able to examine the 
nationwide distribution of sPTB at all municipalities in the Netherlands. 
This research builds on previous studies by shifting the focus beyond 
urban areas and municipalities already participating in the national 
Solid Start program ('Kansrijke Start') Burgos Ochoa et al., 2021 Nov; 
Bertens et al., [6,10,13–15,17,21]. ‘Solid start’ is a nationwide action 
programme in the Netherlands that aims to ensure that all children, 
regardless of their background, have the best possible start in life. It 
seeks to integrate medical and social care during the early stages of life 
by fostering collaboration between healthcare providers, social services, 
and local governments [22]. Furthermore, the use of comprehensive, 
nationwide data from the Netherlands Perinatal Registry (PERINED), 
covering over 950,000 singleton pregnancies over six years, signifi-
cantly strengthens the study. The inclusion of multiple covariates further 
enhances the robustness of the findings.

However, several limitations of this study should be acknowledged. 
At the individual level, low SES has been consistently associated with a 
higher risk of sPTB, partly due to increased psychological stress among 
pregnant women with fewer socioeconomic resources [6,21,22]. Psy-
chological distress is a well-established risk factor for sPTB. Addition-
ally, stressors that are frequently, but not exclusively, associated with 
SES, such as work-related demands, environmental noise, and perceived

safety, may also contribute to unexplained regional variation in sPTB 
risk [21,23,24]. These factors were not the primary focus of the present 
study and not registered in the perinatal registry, but should be 
considered in future research. Additionally, the analysis could not ac-
count for other well-established contributors to sPTB that were either 
not included or under-registered in the perinatal registry, including 
smoking, low or high BMI, alcohol use, in vitro fertilization (IVF), and 
maternal medical history including previous PTB, all of which are crit-
ical factors influencing the risk of sPTB [23–26]. The absence of these 
and other variables may result in residual confounding in our analyses. 
While unhealthy behaviours are more commonly observed in pop-
ulations with low SES, they are not limited to these groups [27,28]. 

The completeness of the Perinatal registry is 96%. All hospital births 
are included but not all midwifery practices are able to provide the data. 
This is for instance relevant for the island municipality of Texel. Texel 
does not contribute individual birth data to the national Perined registry 
yet, therefore only women delivering in mainland hospitals were 
included. This likely represents a higher-risk subset, as low-risk births 
usually occur on the island, which may introduce selection bias and 
contribute to the elevated sPTB rate observed for Texel in our analysis. 
Furthermore the estimates for municipalities with relatively small 
numbers of PTB or sPTB cases may be less stable.

Future research Directions

Our findings indicate that the observed regional variations in sPTB

Table 4
The characteristics of the 17 municipals with significant increased crude risk on sPTB compared to the mean.

sPTB Very low and 
low SES

Late initiation of 
ANC

Nulliparae Male fetal 
sex

White
ethnicity

Age < 24 
year

HDP SGA
p10

Very
rural
area

Total risk on sPTB < 37 + 

0 weeks
3.6% 4.7% 5.3% 4.1% 4.0% 3.8% 5.2% 2.8% 3.8% 3.4%

% ​ 40% 16.6% 45.0% 51.2% 22.3% 2.4% 4.7% 10.4% 11.2%
Province Municipal ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Friesland Franekeradeel 5.2% 97.3% 13.7% 43.5% 51.2% 23.6% 8.5% 3.5% 7.2% 33.9%
Drenthe Hoogeveen 4.6% 71.0% 15.9% 40.8% 49.8% 9.9% 10.7% 4.7% 8.5% 25.9%
Noord
Holland

Texel 5.8% 63.5% 90.4% 52.90% 54.7% 12.4% 9.6% 4.7% 8.9% 49.9%

​ Den Helder 4.6% 59.7% 23.0% 41.1% 51.7% 17.8% 8.2% 9.1% 11.2% 0.8%
​ Hillegom 4.9% 0.0% 12.7% 49.2% 48.5% 14.1% 3.8% 5.2% 9.4% 0.0%
Brabant Dongen 5.0% 13.4% 11.5% 44.5% 51.2% 11.5% 4.2% 4.6% 11.1% 13.3%
​ Hilvarenbeek 5.6% 0.0% 26.5% 45.0% 49.1% 8.6% 1.5% 3.1% 10.2% 44.8%
​ Woensdrecht 6.1% 0.0% 17.6% 45.0% 51.8% 8.1% 7.5% 7.4% 12.5% 14.4%
​ Cranendonck 5.0% 14.5% 13.8% 40.8% 52.3% 10.9% 5.9% 6.4% 8.4% 27.3%
​ Geertruidenberg 5.2% 38.0% 14.5% 47.7% 52.6% 8.1% 6.4% 3.5% 10.0% 9.6%
Limburg Nederweert 5.2% 0% 11.8% 44.7% 54.1% 5.7% 3.6% 8.0% 9.1% 38.8%
​ Peel en Maas 4.7% 31% 20.3% 46.2% 52.2% 10.0% 3.1% 5.7% 10.6% 24.1%
​ Landgraaf 5.6% 100% 31.4% 49.3% 49.0% 29.0% 7.5% 7.1% 13.4% 0.0%
​ Brunssum 5.6% 100% 14.0% 48.1% 51.9% 32.7% 7.9% 6.0% 11.6% 0.0%
​ Heerlen 5.1% 88.2% 29.9% 48.7% 51.3% 31.7% 12.0% 5.7% 13.5% 0.0%
​ Weert 4.8% 65..8% 17.7% 45.4% 51.3% 15.3% 5.3% 7.6% 10.6% 0.0%
​ Onderbanken 6.5% 54.5% 31.0% 44.5% 52.5% 23.8% 5.0% 4.6% 9.6% 45.5%

Table 5
Absolute risk of sPTB in combined subgroups of urbanisation with parity, ethnicity and maternal age and late initiation of ANC.

Urbanisation Parity Ethnicity Maternal age Late initiation of 
ANC

sPTB Nulli
parae

Multi
parae

Caucasian Mediterranean African/
Asian

Other
Non
Western

<24
years

24–29
years

30–34
years

=>35
year

<14
weeks

>= 14 
weeks

Very urban 3,6% 4,3% 2,9% 3,5% 3,2% 4,4% 3,7% 5,1% 4,1% 3,6% 3,4% 3.2% 5.3%
Urban 3,6% 4,7% 2,7% 3,6% 3,2% 4,0% 3,8% 5,0% 4,7% 3,3% 3,4% 3.2% 5.4%
Mid 3,6% 4,9% 2,7% 3,6% 3,1% 3,9% 3,6% 4,9% 4,1% 3,4% 3,5% 3.2% 5.4%
Rural 3,5% 5,1% 2,4% 3,5% 2,2% 3,1% 4,0% 4,9% 4,0% 3,2% 3,2% 3.2% 5.3%
Very rural 3,4% 4,8% 2,3% 3,3% 2,3% 4,0% 4,0% 4,0% 3,9% 3,1% 3,2% 3.0% 5.0%
​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​ ​
Total 3,6% 4,7% 2,7% 3,5% 3,1% 4,1% 3,76% 4,7% 3,8% 3,5% 3,3% 3.2% 5.3%
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are likely driven by additional, yet unidentified factors, highlighting the 
need for further research into the broader determinants of sPTB at the 
municipal level. To bridge these knowledge gaps, future studies should 
investigate a wide range of potential influences, including environ-
mental exposures, the allocation of healthcare resources, cultural prac-
tices, and regional differences in healthcare access and delivery, as well 
as municipal and financial accessibility. In particular, attention should 
be paid to the role of urbanisation, especially mean and rural urbani-
sation. Although this factor is associated with sPTB, the current study 
does not allow for firm conclusions regarding the contribution and un-
derlying mechanisms.

Future studies could incorporate phenotype-based frameworks, such 
as those proposed in contemporary taxonomies, to improve mechanistic 
insights and comparability across regions [29]. While our analysis was 
limited to available PERINED variables and could not classify (s)PTB by 
phenotype, emerging data offer opportunities to explore whether 
regional variation reflects underlying mechanisms or conception-related 
factors.

Finally, qualitative studies focusing on regions with higher sPTB 
rates across different gestational age groups could help clarify the local 
context, identify barriers, and provide valuable insights into unique, 
context-specific challenges, while also taking existing preventive pro-
grammes (e.g., “Solid Start” “first 1000 days”) into account for evalua-
tion and potential refinement.

In conclusion this study highlights significant regional disparities in 
PTB and sPTB rates across the Netherlands, underscoring the need for 
multifaceted research into the unexplained sPTB variation at the 
municipal level. While low SES, late initiation of ANC and urbanisation 
appear to contribute to sPTB risk, they account for only part of the 
observed variation, suggesting that broader structural or regional factors 
may also play a role. Identifying and addressing these factors is essential 
for understanding and improving perinatal outcomes like sPTB and 
reducing regional inequalities.
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