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Purpose: To analyze the socio-residential factors associated with extremely and very 
preterm deliveries occurring in non-level 3 maternity units in France.
Materials and Methods: This is a population-based observational retrospective study 
using national hospital data from 2012 to 2014. A generalized estimating equations regres
sion model was used to study the characteristics of women who delivered very preterm and 
the socio-residential risk factors for not delivering in a level 3 maternity unit at 24–31+6d 
weeks of gestation.
Results: Among deliveries resulting in live births and without contraindication to in-utero 
transfer, we identified 9198 extremely or very preterm deliveries; 2122 (23.1%) of these were 
managed in a non-level 3 unit. Our study showed that young maternal age (women under 20 
years at delivery) was associated with the risk of giving birth prematurely in a non-level 3 
maternity, and particularly in a level 1 maternity unit (adjusted relative risk, 1.53; 95% CI 
1.09–2.16). Living more than 30 minutes away from the closest level 3 unit increased the risk 
of delivering very preterm in a level 1 or 2 unit. Living in an urban area or urban periphery 
increased the risk of giving birth in a level 2 maternity unit (adjusted relative risk, 1.53; 95% 
CI 1.28–1.83 and 1.42; 95% CI 1.17–1.71, respectively).
Conclusion: This study shows that young pregnant women living more than 30 minutes 
from a level 3 hospital have an increased risk of delivering in a maternity unit that is not 
equipped to deal with premature births. The risk also increases with an urban place of 
residence when the delivery occurs in a level 2 unit. A clearer understanding of the 
population at risk of delivering prematurely in a non-level 3 maternity could lead to 
improvements in structuring healthcare to encourage earlier management and better support.
Keywords: preterm delivery, hospital claims data, neonatal intensive care unit, NICU, 
maternity level, socio-residential factors

Introduction
Diverse models for organizing perinatal care have been developed over time in the 
aim of improving the management of at-risk deliveries. Among the types of at-risk 
deliveries, preterm births (before a term of 37 weeks of gestation [WG]) have 
increased significantly over the past two decades in most high-income countries, 
and in 2010 there were an estimated 8.6 premature births per 100 live births (95% 
CI 8.3–9.4).1,2 Concerning women, it is well known that a preterm delivery is more 
likely when they also have severe morbidities.3–5 In addition, a very premature 
delivery also causes severe complications in both women6 and children.7–9 
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Maternity wards of varying levels provide support for 
expectant mothers with different care needs according to 
the degree of risk presented by each pregnancy. Depending 
on the term, estimated fetal weight and maternal charac
teristics, delivery must take place in a maternity hospital 
with appropriate equipment and adequately qualified 
professionals.

In France, the percentage of preterm births increased 
from 7.4% in 2010 to 8.5% in 2016 (1.4% up to 32WG in 
2010 to 2.3% in 2016).10,11 Pregnancy follow-up and the 
levels of perinatal care are strictly supervised by the 
French health authorities.12,13 Premature deliveries up to 
32 WG should take place in a level 3 maternity, which is 
the highest level of care and contains a neonatal intensive 
care unit (NICU), in order to limit the risks of severe 
morbidity14 and mortality15,16 in preterm or low-birth- 
weight newborns and their mothers.17

However, this organization is not entirely dysfunction- 
free. Some premature births do not occur in the recom
mended level of maternity unit, which increases the risk of 
neonatal mortality,18 vascular and respiratory syndromes, 
and nosocomial infections.19,20 In 2003, Zeitlin et al 
showed that women delivering up to 32 WG in 
a deprived environment were more likely to give birth in 
a non-level 3 maternity unit, thereby deviating from the 
recommendation.21 However, the study by Zeitlin et al was 
conducted in a single region with particular characteristics 
(an urban region including the city of Paris, which has 
a better geographic access to perinatal care than other 
French regions). We therefore aimed to investigate the 
risk factors for spontaneous delivery up to 32 WG outside 
of a recommended level 3 maternity unit in all of France, 
including both rural and urban territories.

We hypothesized that: a) deliveries that occur in 
a maternity unit whose level does not correspond to 
national recommendations for best practice applied to 
local contexts cannot be considered the sole responsibility 
of the maternity staff who may have failed to transfer the 
patient, or of erroneous antenatal counseling; and b) such 
events are the result of a series of socio-spatial circum
stances related to the home environment of the mother and 
the localization of the maternity department.

Our objectives were thus to identify from the French 
hospital medico-administrative database (Programme de 
Médicalisation des Systèmes d’Information [PMSI]) all pre
mature deliveries at 24–31+6d WG that occurred outside a level 
3 maternity unit and to examine possible socio-residential 

factors that would explain the inappropriate hospital care of 
premature newborns.

Materials and Methods
Study Population
All Deliveries 2012–2014
We identified all deliveries in the French PMSI national 
database from 2012 to 2014. The data was collected from 
anonymous discharge abstracts (DAs) from metropolitan 
facilities for mothers living in France with a valid geogra
phical residence code from delivery procedures coded 
according to the French Classification of Medical 
Procedures and an associated diagnosis ICD-10 code Z37 
(hospital births) or Z3900 (non-hospital births). Stillbirths 
and medical abortions were excluded. We also excluded 
abstracts when the term was less than 24 WG or greater 
than 31+6d WG, or when the mother was younger than 11 
or older than 55 years.

Extremely and Very Preterm Deliveries
Extremely preterm and very preterm deliveries were 
defined according to the WHO classification.22 Extremely 
preterm deliveries occur up to 28 WG and very preterm 
deliveries occur between 28 and 31+6d WG. In our study, 
extremely and very preterm deliveries were identified 
according to the gestational age recorded in the mother’s 
DA at the time of delivery.

Preterm Deliveries in an Appropriate Maternity Unit
Maternity units in France are classified into levels accord
ing to the care they are able to provide. Since 1998, the 
French ministry of health has defined four levels as 
follows.13

Level 1: maternity able to provide postnatal care for 
newborns with no particular complications.

Level 2A: maternity affiliated with a neonatal unit that 
can provide constant monitoring and specialized care for 
high-risk newborns or for newborns whose condition deterio
rated after birth, whether they were born in the facility or not.

Level 2B: maternity affiliated with a neonatal unit that 
can provide constant monitoring and specialized care for 
high-risk newborns or for newborns whose condition dete
riorated after birth, whether they were born in the facility 
or not. These maternities have an intensive care unit for 
neonates.

Level 3: maternity affiliated with a neonatal unit or 
neonatal intensive care unit (NICU) that can provide con
stant monitoring and specialized care for newborns 
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suffering from severe illness or in critical condition and 
who require intensive care, whether they were born in the 
facility or not. These maternities are equipped for the most 
serious maternal and neonatal complications.

The French Health Authority (HAS) recommendations 
state that all deliveries between 24 WG and 31+6d WG 
must take place in a level 3. This recommendation is of 
course not applicable for women who present 
a contraindication to in-utero transfer (IUT). 
Contraindications include eclampsia, retroplacental hema
toma, abnormal fetal heart rate, Benckiser’s hemorrhage, 
hemorrhagic placenta praevia, acute pulmonary edema and 
uterine rupture.

Contraindications to antenatal transfer were identified 
according to ICD-10 codes registered in delivery/birth 
DAs, which were then excluded from the analysis. We 
detected all birth DAs linked to extremely or very preterm 
deliveries thanks to their valid anonymous mother/new
born key number. Eclampsia was identified with ICD-10 
code O15 (mothers’ DAs); retroplacental hematoma was 
identified with ICD-10 codes O45 (mothers’ DAs) or 
P021 (newborns’ DAs); abnormal fetal heart rate was 
identified with codes O680 and O682 (mothers’ DAs); 
Benckiser’s hemorrhage was identified with codes O694 
and O695 (mothers’ DAs); hemorrhagic placenta praevia 
was identified with codes O44 (mothers’ DAs) and P020 
(newborns’ DAs); acute pulmonary edema was identified 
with code J81 (mothers’ DAs), and uterine rupture was 
identified with code O71. Women who delivered prema
turely in an appropriate facility (level 3) were attributed to 
group A, and those who delivered prematurely in an 
inappropriate facility (level 1, 2A or 2B) were attributed 
to group B. Deliveries with an ICD-10 code O603 
(Preterm delivery without spontaneous labor) were 
excluded from group B. Indeed, group B only includes 
women with spontaneous labor because we considered 
that an induced preterm delivery in a non-level 3 mater
nity unit would be linked to a medical condition prevent
ing antenatal transfer. All of our selection criteria are 
presented in Figure 1.

Variables of Interest
Confounding Variables
Five explanatory variables are used in the models relating 
to socio-residential status: maternal age at delivery, travel 
time to the closest level 3 maternity unit, gestational age in 
WG, deprivation index and level of urbanization.

Maternal Age at Delivery
Maternal age at delivery is available in the anonymous 
DAs. The variable was divided into three classes: younger 
than 20 years, 20 to 40 years, older than 40 years.

Material and Social Deprivation Index
Variables relative to socio-residential factors were gener
ated from French census data obtained from the INSEE 
(Institut National de la Statistique et des Etudes 
Economiques)23 and household income data from 2013.24 

We set our scores according to the average of the data 
sourced from the municipalities that make up each resi
dence code in the PMSI.

The deprivation index was created from the combina
tion of two measures of the socio-residential environment:

● Social deprivation, measured with standardized 
scores for unemployment, blue collar workers, peo
ple without a diploma or only a middle school 
diploma, and immigrants;

● Material deprivation, measured with a standardized 
score for non-taxable households.

Each of the two scores were divided into three classes, 
from the least deprived to the most deprived, taking −1 

Figure 1 Flowchart of the study population. 
Note: *Excluding women with induced preterm deliveries (N = 250).
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and +1 standard deviation as the borders of the distribu
tion, and were then crossed to create a bi-dimensional 
scale following Pampalon’s “material and social depriva
tion index” model.25 Five levels of population deprivation 
were identified according to the geographical code ranking 
for the two scores: level 1 designates the most advantaged 
population (class 1 for the two scores), and level 5 desig
nates the most deprived population (class 3 for the two 
scores). Figure S1 shows the five levels according to the 
distribution of the two scores (see Figure S1).

Levels of Urbanization
We categorized the geographical codes found in the PMSI 
data according to the geographical areas established by the 
INSEE,26 which classifies urban areas according to the 
level of urbanization and the number of jobs held in 
the area. We determined four levels of urbanization: 
major urban centers, the suburbs of major urban centers, 
small and mid-sized centers and rural areas. Geographical 
codes classified as major urban centers were areas with 
10,000 or more employed persons. The suburbs of major 
urban centers were located in peri-urban areas and con
nected to these attractive urban centers through various 
transport networks. Small and mid-sized centers were the 
least populated urban areas with 1500 to 5000 employed 
persons. Rural areas were located outside the major or 
small urban centers.

Access Time to the Closest Level 3 Unit
The maternity units were identified with their postal 
address. The time required to access the closest level 3 
maternity unit was calculated using the zip code of the 
woman’s residence and the maternity unit’s postal address 
with Chronomap© by MapInfo© software and the IGN 
Route500© vectorial network (expressed in minutes).

Statistical Analysis
Descriptive Analyses and Tests of Significance
Qualitative variables were described as numbers and per
centages and compared using a Chi-squared test.

Means (±SD) for maternal age at delivery and the 
travel time to the closest level 3 maternity were computed 
and compared with a Student’s t-test. Table 1 presents the 
comparison between group A (women without contraindi
cation to antenatal transfer who delivered very preterm in 
a level 3) and group B (women without contraindication to 
antenatal transfer and without induced labor who delivered 
very preterm in a level 1 or in a level 2).

Multivariate Regression Analysis
The outcome of interest was delivering in a non-level 3 
maternity unit (yes or no).

In order to analyze how socio-residential environ
ment influences premature delivery in level 1 or 2 mater
nity units, data were integrated into a marginal 
generalized estimating equations (GEE) regression 
model, using a log function and a negative binomial 
distribution to reflect the correlated nature of the data 
(geographical codes and years) and their over-dispersion. 
Two models were fitted, firstly on the population of 
women who gave birth in level 1 compared with 
women who gave birth in level 3 maternity units, sec
ondly on those who gave birth in level 2 compared with 
women who gave birth in level 3 maternity units. The 
analyses focused on the women’s individual variables 
(age: 11–20/21-40/41-55; travel time to the closest 
level 3 maternity unit: 0–30 mins/31-60 mins/>60 mins; 
number of WG) and the contextual variables characteriz
ing their residential environment (deprivation index: pri
vileged/national average/material deprivation/social 
deprivation/deprived; level of urbanization: major urban 
centers/suburbs of major centers/small and mid-sized 
centers/rural areas). The results of GEE regressions are 
expressed in crude and adjusted relative risks (aRR) and 
are presented in Table 2 with their 95% confidence 
interval (CI). Analyses were performed with the 
GENMOD PROC of SAS® software version 9.4 (SAS 
Institute Inc., Cary, NC, USA).

Results
Characteristics of the Study Populations
After reducing the analysis population to the 9198 extremely 
and very preterm deliveries without contraindication to 
antenatal transfer, and without induced labor for group B, 
(see Figure 1 and Table 1), we identified 7076 (76.9%) 
deliveries that were managed in level 3 maternity units 
(group A), and 2122 deliveries (23.1%) that were not man
aged in level 3 maternity units (group B). Group B deliveries 
were mainly managed in level 2B (43.4%) and 2A mater
nities (39.2%), and around 17% were managed in level 1. 
The youngest woman was 14 years old, the oldest was 54.

On average, the women in group B were younger than 
in group A (28.8 vs 29.9 years). Mean travel time to the 
closest level 3 maternity unit was significantly higher in 
group B than in group A (46.7 vs 29.2 min).
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Table 1 Characteristics of Women Who Delivered Extremely or Very Preterm in or Outside an Appropriate Level of Maternity

Group A: Women with Preterm 
Delivery at a Level 3 Maternity 

Unit N = 7076 (76.9%)

Group B: Women with Preterm 
Delivery in a Non-Level 3 Maternity 

Unit N = 2122 (23.1%)*

Year of delivery N % N % p

2012 2452 34.6 684 32.3 <0.0001

2013 2475 35.0 680 32.0

2014 2149 30.4 758 35.7

Level of maternity unit of delivery

1 - 371 17.4 <0.0001

2A - 831 39.2

2B - 920 43.4

3 7076 -

Maternal age (years)

Mean 29.9 (±5.8) 28.8 (±5.8) <0.0001

<20 357 5.0 166 7.8 <0.0001

20–40 6453 91.2 1908 89.9

>40 266 3.8 48 2.3

Travel time to the closest level 3 (min)

Mean 29.2 46.7 <0.0001

<30 4606 65.1 773 36.4

30–60 1255 17.7 637 30.0

>60 1215 17.2 712 33.6

Material and social deprivation index

Most advantaged 539 7.6 137 6.5 <0.0001

National average 4515 63.8 1270 59.8

Material deprivation 208 3.0 85 4.0

Social deprivation 1113 15.7 400 18.9

Most deprived 701 9.9 230 10.8

Level of urbanization

Major urban centres 4860 68.6 1295 61.0 <0.0001

Suburbs of major centres 1308 18.5 445 21.0

Small and mid-sized centres 444 6.3 184 8.7

Rural areas 464 6.6 198 9.3

(Continued)
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The women in group B lived in a more deprived 
environment than the women in group A. They resided 
in areas affected more acutely by material deprivation 
(4.0% vs 3.0% for group A), and social deprivation 
(18.9% vs 15.7% for group A) or in a context of general 
deprivation with both low economic resources and social 
disadvantage (10.8% vs 9.9% for group A). Conversely, 
7.6% of group A women were living in a privileged envir
onment compared with only 6.5% of group B.

Our analysis relative to the level of urbanization showed 
that 68.6% of women in group A were living in major urban 
centers compared with only 61.0% of women in group 
B. Significantly more women in group B were living in the 
suburbs (21.0% vs 18.5%), in small or mid-sized centers 
(8.7% vs 6.3%), and in rural areas (9.3% vs 6.6%).

Effect of Socio-Residential Environment on 
Delivery at an Inappropriate Maternity Unit
The results of the marginal model (GEE) show that the 
adjusted relative risk (aRR) of premature delivery in 
a non-level 3 maternity increased with the travel time to 
the nearest level 3 maternity in women who gave birth in 
level 1 or 2 (see Table 2). In both cases, the longer the 
travel time, the greater the risk (for >60 minutes, deliver
ing in level 1: aRR=2.66; 95% CI, [2.03–3.50], delivering 
in level 2: aRR=3.08 [2.72–3.49]; for 30–60 minutes, 
delivering in level 1: aRR=2.10 [1.56–2.83]; delivering 
in level 2: aRR=2.84 [2.49–3.24]).

The risk also increased for women younger than 20 
years (level 1: aRR=1.53 [1.09–2.16]; level 2: aRR=1.30 
[1.12–1.50]).

Concerning maternal home environment, the risk of 
delivering in a level 2 maternity unit was higher for 
women living in a socially deprived socio-residential 
environment (aRR=1.41 [1.24–1.61]) or for women living 
in the most privileged environment (aRR=1.42 [1.20– 
1.68]) when compared with the national average.

The risk of giving birth in a level 2 maternity was also 
higher for women living in major urban centers (aRR=1.53 
[1.28–1.83]) or their suburbs (aRR=1.42 [1.17–1.71]) than 
for women living in small and mid-sized centers. 
Conversely, living in a major urban center was protective 
for women who gave birth in level 1 (aRR=0.59 [0.42– 
0.81]), as was living in the suburbs (aRR=0.63 [0.45– 
0.90]). Women were more likely to deliver in a non-level 
3 at 24 WG, whatever the level of maternity (level 1: 
aRR=1.87 [1.14–3.06]; level 2: aRR=1.89 [1.55–2.31]) 
and at 31 WG for women who delivered in level 2 
(aRR=1.53 [1.30–1.81]).

Discussion
Study Population and Impact of 
Socio-Residential Context
Our population of parturient women was divided into two 
groups: those who delivered in a maternity unit that was 
the appropriate level for their gestational age (group A), 

Table 1 (Continued). 

Group A: Women with Preterm 
Delivery at a Level 3 Maternity 

Unit N = 7076 (76.9%)

Group B: Women with Preterm 
Delivery in a Non-Level 3 Maternity 

Unit N = 2122 (23.1%)*

Gestational age at delivery (weeks)

24 303 4.3 161 7.6 <0.0001

25 469 6.6 133 6.3

26 627 8.9 156 7.3

27 701 9.9 174 8.2

28 834 11.8 178 8.4

29 1093 15.4 263 12.4

30 1364 19.3 380 17.9

31 1685 23.8 677 31.9

Note: *Excluding induced preterm deliveries (N = 250).
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and those who delivered in a maternity unit that was not 
the appropriate level for their gestational age (group B). 
We found that, in France, 2122 deliveries were not man
aged in an appropriate maternity during the 2012–2014 
study period. This represents almost one quarter (23.1%) 
of all live deliveries at 24–31+6d WG without contraindi
cation to antenatal transfer (9198 deliveries) identified in 
the PMSI national database. We also showed that a longer 
travel time to the closest level 3 maternity unit, young 
maternal age, and certain socio-residential factors (such as 
social deprivation or living in a privileged area) increased 

the risk of giving birth prematurely in a non-level 3 mater
nity unit.

Our findings indicate that antenatal transfers are not 
systematically done in accordance with the guidelines for 
perinatal care, as shown by the relatively high proportion 
(23.1%) of women who gave birth outside of a maternity 
unit equipped to care for their premature newborn, exclud
ing contraindications available in the PMSI database. In 
France, maternity units are organized in networks so that 
professionals can make arrangements to ensure that 
women deliver in adequate facilities,27,28 and almost 

Table 2 Extremely and Very Preterm Deliveries in a Non-Level 3 Maternity Unit, Crude and Adjusted Risks for Delivering in a Level 1 
or in a Level 2

Level 1 Level 2

Crude Relative 
Risk (95% CI)

Adjusted Relative 
Risk (95% CI)

Crude Relative 
Risk (95% CI)

Adjusted Relative 
Risk (95% CI)

Travel time to the 

closest level 3 maternity

0–30 min 0.37 (0.30–0.45) Reference 0.38 (0.35–0.42) Reference
30–60 min 1.64 (1.31–2.04) 2.10 (1.56–2.83) 

***
1.75 (1.59–1.89) 2.84 (2.49–3.24) 

***
>60 min 2.44 (2.00–3.03) 2.66 (2.03–3.50) 

***
1.96 (1.78–2.13) 3.08 (2.72–3.49) 

***

Maternal age <20 years 1.75 (1.25–2.50) 1.53 (1.09–2.16)* 1.41 (1.20–1.64) 1.30 (1.12–1.50)**
20–40 years 0.85 (0.62–1.19) Reference 0.89 (0.77–1.02) Reference
>40 years 0.36 (0.15–0.87) 0.42 (0.18–0.99)* 0.69 (0.52–0.92) 0.77 (0.58–1.01)

Deprivation Index Most privileged 0.56 (0.34–0.92) 0.88 (0.52–1.50) 0.92 (0.77–1.09) 1.42 (1.20–1.68) 
***

National average 1.09 (0.88–1.33) Reference 0.84 (0.77–0.92) Reference
Material deprivation 1.54 (0.96–2.44) 0.83 (0.50–1.37) 1.25 (1.01–1.54) 1.02 (0.81–1.29)

Social deprivation 0.73 (0.54–1.00) 0.83 (0.60–1.15) 1.28 (1.15–1.41) 1.41 (1.24–1.61) 
***

Most deprived 1.39 (1.04–1.85) 1.35 (0.97–1.87) 1.03 (0.90–1.19) 1.15 (0.95–1.40)

Level of urbanization Major urban centers 0.51 (0.42–0.62) 0.59 (0.42–0.81)** 0.82 (0.75–0.89) 1.53 (1.28–1.83) 
***

Suburbs of major centers 1.07 (0.84–1.39) 0.63 (0.45–0.90)* 1.15 (1.04–1.26) 1.42 (1.17–1.71)**
Small and mid-sized 

centers
2.56 (1.96–3.33) Reference 1.12 (0.96–1.31) Reference

Rural areas 2.00 (1.51–2.70) 0.79 (0.55–1.14) 1.25 (1.09–1.45) 1.11 (0.89–1.38)

Term (WG) 24 1.64 (1.11–2.38) 1.87 (1.14–3.06)* 1.61 (1.39–1.85) 1.89 (1.55–2.31) 
***

25 0.98 (0.65–1.47) 1.01 (0.61–1.68) 0.95 (0.79–1.12) 1.11 (0.89–1.39)

26 1.01 (0.71–1.43) 1.12 (0.69–1.80) 0.81 (0.69–0.96) 0.99 (0.80–1.22)

27 0.93 (0.65–1.30) Reference 0.83 (0.70–0.97) Reference
28 0.81 (0.58–1.13) 0.90 (0.57–1.44) 0.71 (0.61–0.83) 0.89 (0.73–1.10)

29 1.10 (0.84–1.43) 1.17 (0.78–1.76) 0.76 (0.66–0.86) 0.95 (0.78–1.16)

30 0.85 (0.65–1.11) 0.92 (0.61–1.39) 0.94 (0.85–1.05) 1.11 (0.93–1.33)
31 1.09 (0.86–1.35) 1.17 (0.79–1.73) 1.45 (1.33–1.59) 1.53 (1.30–1.81) 

***

Notes: Bold values indicate significance of * p < 0.05; ** p ≤ 0.001; ***p < 0.0001 
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75% of extremely or very premature children are born in 
an appropriate facility. Our results show that the risk of 
delivering in an inappropriate facility is higher in specific 
populations.

To our knowledge, this is the first time that the travel 
time between a woman’s geographical code of residence 
and the closest level 3 maternity has been shown to be 
a risk factor for delivering prematurely in a non-level 3 
maternity unit. Unlike in our study, Zeitlin et al did not 
find that a long distance to the closest level 3 maternity 
unit increased the risk of delivering in a non-level 3 
maternity unit, after adjustment on the contextual and 
individual characteristics.21 However, their study was con
ducted in the Ile-de-France region, which has the largest 
urban population and highest population density in France, 
and the distances to level 3 maternity units are shorter than 
in most of the country. Moreover, this French region offers 
one of the highest densities of intensive neonatal care 
services in Europe.29

The second risk factor for delivering prematurely in 
a non-level 3 maternity unit identified in our study is 
young maternal age. It is well known that young maternal 
age increases the risk of premature delivery,30–32 and this 
risk increases further in young women living in precarious 
socio-economic conditions and with a low level of 
education.33,34 We would therefore expect that this small 
population would be managed appropriately. It can there
fore be assumed that some young women experience 
a series of difficulties that lead to premature delivery in 
an inappropriate facility: lack of information, social isola
tion, inadequate transport, and difficulties in accessing 
care.

Furthermore, similar to previous studies, our study 
suggests a protective effect for older women, though the 
effect was not significant for women who delivered in 
a level 2 maternity unit. It is well known that advanced 
maternal age is associated with a risk of prematurity in 
some developing35 and high-income countries.36–38 Our 
study suggests that women older than 40 are less likely 
to give birth prematurely outside an appropriate facility. 
This protective factor may be explained by older women’s 
more favorable socio-economic status and higher level of 
education. Moreover, several studies conducted in devel
oped countries have shown that the risk of complications 
linked to advanced maternal age also promotes better 
monitoring during pregnancy and more scheduled deliv
eries in appropriate facilities.39,40

Our third novel finding is that women living in a context 
of social deprivation have a higher risk of giving birth in 
a level 2 maternity, ie outside level 3 maternities. This 
corroborates with previous findings on the negative impact 
of a disadvantaged socio-economic environment on extre
mely and very preterm delivery and access to perinatal 
care.41–43 This precarious environment is often associated 
with a lower level of education among mothers44–46 and 
fathers.47 Zeitlin et al showed a significantly higher risk of 
delivery in a non-level 3 maternity unit for women in the 
poorest quintile of their precarity indicator,21 but they also 
found that residing in a privileged context did not have 
a significant effect on giving birth in an appropriate facility. 
Conversely, our results show that women residing in the least 
deprived territories (level 1 of deprivation index) had an 
increased risk of extremely and very preterm delivery in 
a level 2 maternity unit. The results reported by Zeitlin et al 
may be explained by the fact that the study was conducted 
only in the Ile-de-France region, where both level 3 and level 
2 maternity units are more accessible (see Figure 2). 
Similarly, better access to level 2 maternity units in large 
urban centers and their suburbs may explain the significantly 
higher risk of giving birth in level 2 facilities for women 
residing in these areas. In fact, level 2 maternity hospitals are 
often located in urban centers, and in France most urban 
centers have as many deprived populations as they do afflu
ent populations. Premature delivery in a level 2 maternity 
therefore seems to affect mostly women living in urban areas, 
whether in privileged or disadvantaged neighborhoods, and 
too far from the nearest level 3 maternity hospital to be cared 
for in a timely and appropriate manner.

Our findings also indicate that women delivering at 24 
WG had a higher risk of being managed in a non-level 3 
maternity unit. This may suggest that women at risk of 
preterm birth at 24WG have insufficient time for a transfer 
to a level 3 maternity, and therefore remain in the initial 
maternity unit. Newborns are not systematically revived at 
24WG in France, which may explain why women remained 
in the maternity unit closest to their home. Zeitlin and al. also 
showed that the risk of not being managed at level 3 was 
significantly higher at 24–25WG, but also at 31WG,21 which 
may point to a threshold effect between premature delivery 
management at level 3 and level 2B (from 32WG). We also 
found a slightly increased and significant risk at 31WG for 
women who delivered in a level 2 maternity unit, but the risk 
was not significant for level 1 units. Therefore, we can 
assume that improvements in the regionalization of care 
and the organization of maternal transfers within perinatal 
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networks have contributed to increasingly appropriate man
agement of women since the publication of the research 
conducted in Ile-de-France in 2003.

While the organization of health care appears to be effi
cient, our findings suggest a need for adjustments in the care of 
women at risk of premature delivery, especially in the young
est age group. It may be possible to improve the management 
of younger women, as it has already been done for older 
women, taking into account the risk of complications linked 

to these two particular classes of young and advanced maternal 
age. Because women’s health needs are not isolated events, 
continuity of care during pregnancy may be proposed through 
a single care provider who has the opportunity to establish 
a trusting relationship, particularly for vulnerable women 
(deprivation, young maternal age), and provide timely and 
relevant information. Concerning the territorial distribution 
of care structures, the impact of distance and the proportion 
of extremely and very premature births occurring in both level 

Figure 2 Travel time to the closest maternity unit by level of maternity unit and type of area.
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1 and 2 maternity units should be considered by health-care 
planners when discussing the reorganization of care. Our study 
showed that the regionalization of perinatal care could take 
into account the distance to the nearest level 3 maternity unit, 
whether it is located in same the region or not, in order to limit 
the risks of overly long intra-regional transfers and to promote 
early care for at-risk pregnant women.48,49 While antenatal 
hospitalization seem to be a possible solution for preventing 
very premature deliveries outside of an appropriate facility, 
there is currently no consensus on this practice.50–54 However, 
a Danish study showed that the risk of antenatal hospitalization 
increased with a low and a high maternal age.55 This study also 
showed that antenatal hospitalization was strongly associated 
with the risk of very premature delivery.

Further qualitative surveys could be conducted among 
health professionals and women in order to better under
stand what leads to premature delivery outside an appro
priate maternity facility. These factors could then be used 
as levers to implement better monitoring and referral stra
tegies at the time of childbirth.

Weaknesses
The first weakness is related to the nature of the PMSI, 
which is a medico-administrative database that does not 
contain detailed information regarding the status of 
women presenting to maternity wards. We were therefore 
unable to distinguish between women for whom a high 
risk of delivery during transport contraindicated transfer 
and those for whom delivery was not imminent. 
Nevertheless, using the ICD10 code O603 (Preterm 
delivery without spontaneous labour), we were able to 
identify and remove from group B the 250 women whose 
premature delivery took place in a non-level 3 maternity 
unit but who could not be transferred due to complica
tions. The discharge abstract of 148 of these women 
indicated a diagnosis of emergency caesarean section, 
implying that they could not have been transferred to 
a level 3 maternity unit in any case. The others had 
various conditions complicating pregnancy or childbirth, 
so it can be assumed that a transfer was not possible and 
the delivery therefore took place in the first-line mater
nity hospital. Concerning contraindication to antenatal 
transfer, a recent validation study showed that the sensi
tivity of eclampsia recording in PMSI data is only 50%, 
but this event remains rare.56

Moreover, our study may suffer from a lack of data regard
ing several known risk factors for preterm delivery. We 
assumed that PMSI data do not provide information about 

marital status or women’s foreign origin for example. 
Concerning the marital status, several studies highlighted 
that there is a decreasing risk of preterm delivery among 
married or in-couple women.57–60 Another important risk 
factor seems related to the immigrant status, even if there is 
no consensus about the influence of a foreign origin on obste
trical outcomes. In Germany for example, a study showed that 
immigrant status leads to an increasing risk of preterm 
delivery61 but other German studies concluded conversely 
and underlined that the risk of preterm delivery or poor neo
natal outcomes varied depending on the women’s origin 
country.62,63 In other countries, the link between immigrant 
status and increase in risk of preterm delivery is clearer,59,64 

but many authors insist on the importance of the entanglement 
between socio-economic status, level of education, parity and 
mother’s origin in the risk of preterm birth, each of these 
variables having its importance,55,65–67 but certain may vary 
during women’s life. Regarding parity, a high parity is 
a potential risk factor of preterm delivery. However, this 
information is only partially available in the PMSI data. 
Delivery procedures registered in the PMSI data contains 
information about the status of women (primiparous or multi
parous), but are not available for caesarian section. Thus, we 
have chosen to not include this variable, since we would have 
had the information only for vaginal preterm deliveries.

Another limit is related to the French classification of 
maternity units in four levels, which is based on specific criteria. 
We categorized the maternity units according to the official 
French classification. In France, the level of maternity is 
based foremost on neonatal criteria, such as weeks of gestation, 
estimated fetal weight, and possible fetal comorbidities. In the 
United States, the classification is based on obstetric and mater
nity care provisions.68 We therefore assume that our results are 
not necessarily generalizable everywhere, considering that each 
national classification of perinatal care is different. However, 
we believe that our results can provide valuable insights into the 
identification of certain vulnerable populations.

The main strength of our study is that it is based on 
comprehensive nationwide PMSI data. The French national 
hospital information system makes it possible to identify all 
hospital stays for individuals covered by the national health 
insurance system. It was thus possible to identify all deliveries 
registered in hospitals within this database. Because very few 
deliveries take place outside of hospital facilities in France 
(0.3%), this data was particularly complete. A previous vali
dation study has confirmed the quality and the exhaustiveness 
of PMSI data, especially for the recording of gestational age, 
with a concordance rate between 92% and 98%. Concerning 
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maternal age, the concordance rate of maternal age at delivery 
was 94.8%.56 These data are also a valuable resource for the 
evaluation of perinatal care and management because the 
PMSI database allows the linkage of consecutive hospital 
discharge abstracts and, for singleton pregnancy, mothers’ 
and children’s abstracts are linked by a shared anonymous 
key used for both since 2012. Finally, our data source can be 
used to follow up on the children who are born outside 
appropriate facilities and to assess their state of health.

Conclusions
When a parturient woman decides to go to a particular 
maternity hospital or clinic, her choice may have been influ
enced by numerous factors. When faced with premature 
delivery, the time needed to get to a level 3 maternity for 
suitable management may hinder access to appropriate care. 
Despite satisfying results in terms of health care organization, 
this study shows that young pregnant women living more 
than 30 minutes from a level 3 maternity unit and in a context 
of socio-residential deprivation have an increased risk of 
delivering at a maternity unit that is not equipped to deal 
with premature births. The understanding gained here about 
risk factors can be used to make improvements in maternal 
health education and structuring healthcare to include earlier 
and more carefully planned management of at-risk popula
tions of pregnant women. The deleterious effect of these 
factors should prompt policy makers to ensure that the 
women who fit this at-risk profile are identified in a timely 
manner and followed up carefully during their pregnancy.
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