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Abstract

Objectives: To investigate whether risk factors for preterm (<37 weeks gestation) and
early term birth (37 and 38 weeks gestation) are similar.

Design: Nationally representative cross-sectional study of births
Setting: France in 2010
Participants: Live singleton births (N=14 326)

Primary and secondary outcome measures: Preterm and early term birth rates overall
and by mode of delivery (spontaneous and indicated). Risk factors were maternal
sociodemographic characteristics, previous preterm birth, height, pre-pregnancy body
mass index (BMI) and smoking, assessed using multinomial regression models with full
term births 39 weeks and over as the reference group.

Results: There were 5.5% preterm and 22.5% early term births. Common risk factors
were: a previous preterm delivery (adjusted odds ratio aOR=8.2 [95% CI: 6.2-10.7] and
aOR=2.4 [95% CI: 2.0-3.0] respectively), short stature, an extreme BMI, a low
educational level, and Sub Saharan African origin. In contrast, primiparity was a risk
factor only for preterm birth, aOR=1.8 [95% CI: 1.5-2.2], while higher parity was
associated with greater odds of early term birth.

Conclusions: Most population-level risk factors were common to both preterm and early
term birth, with the exception of primiparity, and BMI which differed by mode of onset of
delivery. Our results suggest that preterm and early term birth share similar etiologies and
thus potentially common strategies for prevention.

Strengths and limitations of this study:

e We had detailed information on prenatal social and demographic characteristics
collected using a standardized maternal interview in a representative sample of births
in France.

e We had few missing data for which we corrected using multiple imputation.

e We used multinomial regression to estimate preterm and early term birth adjusted
odds ratios and their 95% confidence intervals by maternal characteristics using births
reaching full term (i.e. births 39 weeks and over) as the reference.

e Because very preterm births represented 0.6% of births in our sample, we do not
report associations by preterm GA subgroups.

e Our sample size may have been too small to detect low to moderate associations in
less prevalent sub groups of women, such as heavy smokers, for instance.
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Introduction

Preterm birth, defined as birth before 37 weeks of gestation, is a leading cause of
perinatal mortality and morbidity. Preterm infants represent 60% of all neonatal deaths and
75% of all infant deaths (1). They are at risk of short and long-term neurocognitive and motor
impairments, and display higher rates of chronic disease and premature death compared to
term infants (1, 2). The prevention of preterm birth is a global priority, however preterm
births are not the only gestational age subgroup at risk of adverse health outcomes (1, 2).
Compared to being born full term, defined as between 39 and 41 weeks, early term birth at 37
and 38 weeks is associated with higher risks of neonatal mortality, more intensive care unit
admissions (3), and higher health-related costs well into childhood for obstructive airway

diseases, visual and motor disabilities (4).

There are large differences in rates and trends of preterm and early term births among
countries with similar levels of development (5-7). In Europe in 2010, preterm birth rates
ranged between 4.1% and 8.2% while early term rates ranged between 15.6% and 30.8% (5);
such heterogeneity across countries suggests that rate reductions may be possible. However,
despite the significant public health burden (4, 8-10), little progress has been made in
decreasing the number of these early births (6, 11, 12). The latest French recommendations
for the prevention of spontaneous preterm birth focus on smoking cessation and on
interventions for women with high risk pregnancies (i.e. cerclage, progesterone), but conclude
that high quality evidence does not exist for other preventive strategies (13); this is partially
due to the low predictive accuracy of diagnostic tools (11). As for early term birth, prevention
efforts are recent, with a focus by professional societies in the United States on the reduction
of indicated early term deliveries for non-medical reasons (14).

More research on the etiology of early delivery is required to orient prevention efforts

and practice. We know that early term and late preterm births both have worse neonatal
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outcomes compared to full term births (15), but we do not know if maternal characteristics
related to preterm birth risk (1, 11, 16, 17) are also related to early term birth. Thus in this
study we aimed to identify population determinants of preterm and early term birth taking into
consideration mode of onset of delivery, i.e. spontaneous or indicated, using nationally
representative data on births from the French National Perinatal Survey in 2010.

Materials and Methods

The French National Perinatal Survey 2010 (Enquéte Nationale Périnatale, ENP) is a
study based on a representative sample of births in Metropolitan France. Data were collected
on live and stillbirths starting at 22 weeks of gestation or weighing at least 500g over the
course of one week in public and private maternity units (18). We studied singleton
pregnancies ending in a live birth with a gestational age of 22 weeks or over (N=14,326
pregnant women in 2010). Multifetal pregnancies and stillbirths were excluded because of

differences in delivery practices and etiology for these births.

Survey items on mothers’ demographic characteristics (e.g. maternal age, parity),
socioeconomic status (e.g. level of education), prenatal care and behaviors were collected
during interviews in the postpartum ward. Other data on the delivery and newborn health were
abstracted from the medical records. We defined indicated deliveries as those with a provider-

initiated mode of onset, i.e. either induction of labor or prelabor cesarean section.

Our main outcomes were preterm and early term birth. These were defined
respectively as births 22-36 completed weeks of gestation and 37-38 completed weeks overall
and by mode of onset (spontaneous or indicated). Gestational age was based on the best
obstetrical estimate. In France, nearly all women have a first trimester ultrasound for dating

the pregnancy (18).

We selected risk factors based on a scoping review of the scientific literature,
including recent research on preterm birth risk factors in France (17, 19). Some preterm birth
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exposures that were available in the French National Perinatal Survey were omitted from our
study because of their low prevalence in the sample (i.e. use of fertility treatments and

diabetes, <4% and <2% respectively).

We included the following variables in our analysis: maternal age (<20, 20-24, 25-29,
30-34, >=35 years old), parity (1,2-3,4+), previous preterm birth, nationality (French, Other
European, North African, Sub-Saharan African, Other), maternal height presented in quartiles
(Q1: 100-160cm, Q2: 161-165cm, Q3: 166-168cm, Q4:169-190cm), pre-pregnancy body
mass index (defined as underweight, normal, overweight, and obese women for BMIs <18.5,
18.5-24.9, 25-29.9,>30 respectively), level of education, and smoking during the third
trimester. Level of completed education was defined based on the ISCED 2011 classification:
low educational level ISCED 0-2 (i.e. up to lower secondary education completed), medium
educational level ISCED 3-5 (i.e. upper secondary education or short cycle tertiary education

completed), high educational level ISCED 6-7 (Bachelors’ equivalent or higher) (20).

Analysis strategy

We first compared the distributions of preterm and early term births by maternal
characteristics. We included all maternal exposures hypothesized to be associated with
preterm delivery in the multivariate analyses (17). We used multinomial regression to
estimate preterm and early term birth adjusted odds ratios and their 95% confidence intervals
by maternal characteristics using births reaching full term (i.e. births 39 weeks and over) as
the reference. In the mode of onset analyses, we computed odds of spontaneous and indicated
preterm and early delivery using the same full term reference population (i.e. all births 39
weeks and over, regardless of mode of onset). Data were analysed using STATA 13.0

software (StataCorp LP, College Station, TX, USA).

There were 14 326 live singleton births in the survey of which 65 were missing GA

data. We had less than 1% missing data on mode of onset of labor (i.e. spontaneous or
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provider-initiated delivery) and less than 5% missing sociodemographic data (i.e. nationality
and level of education). There were 4% missing data on previous preterm birth and 6%
missing on anthropometric characteristics (i.e. height or BMI). Although individual
proportions of missing data were low, complete cases were only 86% of the total and
therefore we imputed missing values (except the outcome) using multivariate imputation by
chained equations. We performed 100 imputations using all available covariates (21).

Descriptive and multivariate analyses were done on the imputed dataset.
Results

Table 1 provides descriptive statistics on our sample. We included 14 261 live
singleton pregnancies with GA data available. The overall rate of preterm birth was 5.5% and
early term birth was 22.6%. In the reference population of women with a full term birth, 2.4%
were aged under 20 and 18.3% over 35 years of age; 44.1% were primiparous and 6.9% were
parity 4 or more; 2.2% had a previous preterm birth, 7.8% were underweight, 9.4% were
overweight and 16.4% smoked in the 3" trimester of pregnancy. The risk profiles of mothers
with a preterm and early term infant were different. These mothers were more likely to be
older, have a previous preterm birth, be of shorter stature, with a lower level of education, and
smoke. Mothers with a preterm birth were more likely to be primipara whereas mothers with

an early term birth were more likely to be multipara, compared to mothers with a term birth.

In multinomial multivariable models, most of these associations persisted; common
population determinants for preterm and early term birth were: a previous preterm birth,
shorter stature, underweight, sub-Saharan nationality, and a low level of education. There
were some differences in the impact of these risk factors: a previous preterm birth was a
stronger risk factor for preterm birth than early term birth (aOR 8.2 vs. 2.4 respectively);
maternal underweight and Sub-Saharan nationality were also stronger risk factors for preterm

compared to early term birth. Primipara were at risk for preterm birth only (aOR 1.8 [1.5-

7

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

‘salbojouyoa) Jejiwis pue ‘Buiuresy |y ‘Buluiw elep pue 1xal 01 palejal sasn 1oy Buipnjoul ‘1ybliAdoo Aq paloslold

" Jooysasaboysnwseld v11-739 swpedsq 1. 6zoz ‘bT aunc uo jwod lwg uadolway/:diy woly papeojumoqd "8T0Z Alenuer v2 uo Sy/8T0-2T02-uadolwag/oeTT 0T Se pays!ignd 1s11) juac


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

2.2]), whereas grand multipara (parity 4+) were at higher risk of early term birth. After
adjustment, advanced maternal age, and smoking during the third trimester were no longer

associated with increased risks of delivery before 39 weeks.

In Table 2, we display the associations between spontaneous preterm, and early term
births by maternal characteristics. Out of all births, 2.8% were spontanecous preterm births and
13.6% were spontaneous early term births. Common risk factors were: a previous preterm
birth, short stature, maternal underweight, foreign nationality (i.e. Other European), and a low
level of education. There were some differences in the impact of these risk factors.
Underweight was a stronger risk factor for spontaneous preterm than early term birth: aOR
1.9[1.4-2.6] vs aOR 1.3[1.1-1.5] respectively, and overweight women displayed a reduced
risk of spontaneous early term delivery. Primipara were at risk of preterm birth but not early
term birth. Smoking during the third trimester was associated with a moderately increased risk
of spontaneous preterm delivery, although the confidence interval included 1: aOR 1.5[1.0-

2.2]. The aOR was lower and non-significant for early term birth: 1.2[0.9-1.5].

In Table 3, we display the associations between indicated preterm and early term birth
by maternal characteristics. Out of all births, 2.6% were indicated preterm deliveries and 8.8%
were indicated early term deliveries. Most risk factors were common to indicated preterm and
early term birth including: advanced maternal age, a previous preterm birth, short stature,
BMI over 30, sub-Saharan African origin (aOR 2.2[1.4-3.5] preterm, and aOR 1.6[1.2-2.2] for
early term), and a low level of education, after adjusting on all other covariates. Primipara
were only at risk for indicated preterm birth, aOR=2.1{1.6-2.7]; while parity 4+ was

associated with greater odds of indicated early term birth aOR= 1.3 [1.1-1.6].

Discussion
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Our study provides new insight into the population determinants of preterm and early
term birth by mode of onset of delivery. We identified shared risk factors for delivery before
39 weeks which were: a previous preterm birth, short stature, a low level of education,
underweight (overall and in spontaneous deliveries), obesity (in indicated deliveries only),
and foreign origin (for other European and sub-Saharan nationals). The impact of most risk
factors was greater for preterm birth compared to early term birth, and primiparity was a risk

factor for preterm birth but not early term birth.

A strength of our study is the availability of detailed information on prenatal, social
and demographic characteristics collected using a standardized maternal interview in a
representative sample of births in France. We had few missing data for which we corrected
using multiple imputation. Nonetheless, there were some limitations. Our sample size may
have been too small to detect low to moderate associations in less prevalent subgroups of
women, such as heavy smokers, for instance. We also did not correct for multiple
comparisons in order to maintain adequate power to carry out the study (22). Because very
preterm births (births <32 weeks: n=83) represented 0.6% of births in our sample, we did not
report associations by preterm GA subgroups. It is possible that risk factors for this vulnerable
subpopulation may differ from those for moderate and late preterm births at 32-36 weeks of
gestation. Finally, we did not have data on the complications of pregnancy associated with

earlier delivery (23).

The strongest single predictor of both preterm and early term delivery was a previous
preterm birth, as confirmed in other population-based studies (24, 25) and a recent systematic
review which showed a 30% risk of recurrent spontaneous preterm birth (sPTB) following
sPTB in singleton pregnancies (26) . We also found that first-time mothers were more likely
to deliver preterm, but not early term. Therefore, the shape of the risk distribution for early

delivery in first-time mothers may slightly differ from the overall GA distribution which
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peaks around 38-40 weeks of gestation. These results indicate that within countries, fertility
trends determining the proportion of primiparous women are likely to contribute to preterm

and early term birth rates.

Socio-demographic characteristics were also associated with earlier delivery. Women
with a lower level of education were more likely to deliver preterm and early term,
confirming well known associations on education and preterm birth risk, and recent findings
from Canada on the association with early term birth (27-29). Exposures related to mothers’
general quality of life and well-being (i.e. living and employment conditions, air pollution,
exposure to stress) could mediate the association with social status via physiological pathways
(30-34). In France, Prunet et al. showed that social status was associated with preterm birth
risk independently of use of medical care during pregnancy (17). As for the association with
foreign origin, our results are consistent with the literature showing higher risks of preterm

birth among women from Sub-Saharan Africa (35).

There were common anthropometric determinants of delivery before 39 weeks overall
and by mode of onset of delivery. Our findings confirm previous research on the association
between preterm birth and short stature (36, 37) and we provide new evidence on the
association with early term birth. With respect to maternal pre-pregnancy weight, thinness is
often associated with spontaneous preterm birth but the association between GA and
overweight is less clear (38-40). A greater prevalence of comorbities in obese women could
contribute to the excess in indicated delivery (41), which we observed. We also found a
decreased risk of spontaneous preterm and early term delivery in women with BMIs over 30
which could be due to specific delivery practices, and greater levels of obstetrical

interventions for obese women in general(42).

Finally, smoking and advanced maternal age are traditionally cited as preterm birth

risk factors (43, 44); while there was an increased risk for spontaneous preterm birth in heavy
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smokers and an increased risk for indicated preterm and early term delivery in mothers over
35, we did not identify associations with either variable in the overall analyses. Previous data
from France, also showed a limited impact of smoking on overall preterm birth risk whereas

associations were stronger in studies from other countries (18, 19).

Our findings showing common risk patterns for preterm and early term births suggest
a shared etiology for these births overall, with some exceptions for primiparous women and
by mode of onset of delivery. These results are consistent with two reports documenting
shared pregnancy complications for spontaneous preterm and early term deliveries (22), but a
more heterogeneous etiology for medically indicated late preterm and early term delivery (i.e.
chronic medical conditions like anemia and gastrointestinal disease were associated with late
preterm but not early term delivery) (45). Future research associating maternal exposures with
pregnancy complications such as: diabetes mellitus, infection and inflammation, placental
ischemia, polyhydramnios and oligohydramnios, which are related to spontaneous and
indicated preterm and early term births could provide insight into the mechanisms

underpinning early delivery (23).

In conclusion, our population-based study showed that there are shared maternal
prenatal and socio-demographic risk factors for delivery before full term (i.e. 39 weeks and
over). Because strategies to reduce individual risk of preterm birth have had a limited impact
on global rate reductions (11), investing in broader population-based interventions may be
justified, including those targeting maternal pre-pregnancy BMI and social inequalities in
health (41). Moreover, due to the large volume of births at 37-38 weeks, even small point
percentage reductions are likely to impact on health and needs for educational and social
services. Each additional week of gestation after 35 weeks reduces specific delays in
communication, personal-social, fine-motor, and problem-solving skills up until 24 months of

age, and the population attributable fraction for poor achievement in school is highest among
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early term births (46, 47). The existence of shared risk factors for both gestational age
subgroups and the greater number of early term births compared to preterm births provides
greater power to investigate the mechanisms leading to early delivery, and supports the use of
a broader research paradigm for preterm birth prevention.
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Table 1: Associations between maternal characteristics and risks of preterm and early term birth

<37 wks GA 37-38 wks >39 wks <37 weeks GA 37-38 weeks GA
% GA GA
% %
N=782 N=3010 N=10269 p*  aORs® 95%CI aORs® 95% CI
Maternal age
<20 years 346 3.9 2.3 2.4 0.005 1.0 0.7-1.6 0.9 0.7-1.2
20-24 years 2078 16.3 14.5 14.5 0.9 0.8-1.2 1.0 0.9-1.2
25-29 years 4737 32.8 31.7 33.7 1 - 1 -
30-34 years 4380 27.9 30.1 31.1 1.0 0.8-1.2 1.0 0.9-1.1
>=35 years 2720 19.1 21.4 18.3 1.1 0.9-1.4 1.2 1.0-1.3
Parity <0.001
1 6165 49.8 38.9 44.1 1.8 1.5-2.2 0.9 0.8-1.0
2-3 6980 39.8 50.8 49.1 1 1 -
4+ 1116 10.4 10.3 6.9 1.2 0.9-1.6 1.2 1.1-1.4
Previous preterm <0.001
birth
No 13740 86.6 94.1 97.8 8.2 6.2-10.7 2.4 2.0-3.0
Yes 521 13.4 5.9 2.2 1 - 1 -
Maternal height <0.001
Q1: 100-160 cm 4365 37.7 34.6 28.8 1.4 1.1-1.7 1.4 1.2-1.6
Q2: 161-165 cm 4143 25.9 29.9 29.0 1.0 0.8-1.2 1.2 1.1-1.4
Q3: 166-168 cm 2440 15.2 15.2 17.9 0.9 0.7-1.2 1.0 0.9-1.2
Q4: 169-190 cm 3313 21.3 20.4 24.3 1 - 1 -
Pre-pregnancy 0.307
BMI
<18.5 1177 12.9 8.5 7.8 1.7 1.3-2.2 1.1 1.0-1.3
18.5-25.9 9190 59.9 63.6 65.0 1 - 1 -
25-29.9 2472 15.5 16.6 17.7 0.9 0.7-1.1 0.9 0.8-1.0
>=30 1422 11.7 11.2 9.4 1.2 1.0-1.6 1.1 1.0-1.3
Nationality 0.043
French 12360 84.0 86.3 87.0 1 - 1 -
Other European 470 4.2 33 32 1.2 0.8-1.8 1.0 0.8-1.2
North African 685 4.9 4.4 4.9 1.1 0.7-1.5 0.8 0.7-1.0
Sub-Saharan Africa 392 4.5 33 2.4 1.8 1.2-2.6 1.3 1.0-1.6
Other 354 2.5 2.7 2.4 1.0 0.6-1.6 1.1 0.8-1.4
Level of education
Low ISCED 0-2 4054 37.5 31.9 26.7 <0.001 1.7 1.3-2.1 1.2 1.1-1.4
Medium ISCED 3-5 5883 38.8 40.6 41.7 1.2 1.0-1.5 1.1 1.0-1.2
High ISCED 6+ 4324 23.7 27.6 31.7 1 - 1 -
Smoking n° <0.001
cigarettes/day
during the 3"
trimester
0 11814 79.1 81.4 83.6 1 - 1 -
1-9 cigarettes 1757 13.9 12.8 12.1 1.0 0.8-1.3 1.0 0.9-1.2
>=10 cigarettes 690 7.0 5.8 4.4 1.3 0.9-1.8 1.1 0.9-1.4
a. F-test b. Adjusted Relative Risk Ratio
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Table 2: Associations between maternal characteristics and risks of spontaneous preterm and early

BMJ Open

term birth
<37 weeks GA  37-38 weeks <37 weeks GA 37-38 weeks GA
% GA
%
N=405 N=1949 p* aORs" 95% CI aORs" 95% CI

Maternal age
<20 years 3.7 2.5 0.002 1.0 0.6-1.8 1.0 0.7-1.4
20-24 years 19.1 16.2 1.1 0.8-1.5 1.1 0.9-1.3
25-29 years. 34.9 34.4 1 - 1 -
30-34 years 24.2 30.1 0.8 0.6-1.0 0.9 0.8-1.0
>=35 years 18.1 16.8 1.0 0.7-1.3 0.8 0.7-1.0
Parity
1 48.4 40.5 0.004 1.6 1.3-2.1 0.9 0.8-1.0
2-3 40.8 51.1 1 - 1
4 10.8 83 1.3 0.9-1.9 1.2 1.0-1.4
Previous preterm
birth
No 84.6 94.5 <0.001 1 - 1 -
Yes 15.4 5.5 9.3 6.6-13.0 2.4 1.9-3.1
Maternal height
Q1: 100-160 cm 38.2 33.0 <0.001 1.4 1.1-1.9 1.3 1.1-1.5
Q2:161-165 cm 26.4 30.1 1.0 0.8-1.4 1.2 1.0-1.4
Q3: 166-168 cm 14.5 15.7 0.9 0.6-1.3 1.0 0.9-1.2
Q4:169-190 cm 21.0 21.1 1 - 1 -
Pre-pregnancy BMI
<18.5 15.3 10.4 <0.001 1.9 1.4-2.6 1.3 1.1-1.5
18.5-24.9 61.9 67.1 1 - 1 -
25-29.9 13.6 14.7 0.8 0.6-1.0 0.8 0.7-0.9
>=30 9.3 7.8 0.9 0.6-1.3 0.7 0.6-0.9
Nationality
French 83.7 87.1 0.6213 1 - 1 -
Other Europe 5.4 3.7 1.5 1.0-2.5 1.1 0.8-1.4
North African 5.7 3.9 1.2 0.8-2.0 0.8 0.6-1.0
sub-Saharan Africa 3.1 2.5 1.2 0.7-2.3 1.0 0.7-1.4
Other 2.1 2.8 0.8 0.4-1.7 1.1 0.8-1.5
Level of education
Low ISCED 0-2 37.1 30.4 <0.001 1.4 1.0-1.9 1.1 0.9-1.3
Medium ISCED 3-5 38.4 39.7 1.1 0.8-1.4 1.0 0.9-1.1
High ISCED 6+ 24.5 30.0 - 1 -
Smoking n°
cigarettes/day
during the 3"
trimester
0 78.0 82.2 <0.001 1 - 1 -
1-9 13.5 11.9 1.0 0.7-1.3 0.9 0.8-1.1
>=10 8.5 5.9 1.5 1.0-2.2 1.2 0.9-1.5

a. F-test b. Adjusted Relative Risk Ratio

Table 3: Associations between maternal characteristics and risks of indicated preterm and early term
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<37 weeks GA %

37-38 weeks GA

<37 weeks GA

37-38 weeks GA

N=374 N=1259 p* aORs" 95% CT aORs" 95% CI
Maternal age
<20 yo 4.1 1.9 0.0000 1.1 0.6-2.0 0.9 0.6-1.4
20-24 yo 13.5 11.9 0.8 0.6-1.1 0.9 0.8-1.2
25-29 yo. 30.5 27.6 1 - 1 -
30-34 yo 31.6 30.1 1.3 1.0-1.7 1.2 1.0-1.4
>=35 yo 20.3 28.4 1.4 1.0-1.9 1.8 1.5-2.1
Parity
1 51.5 36.6  0.0000 2.1 1.6-2.7 1.0 0.9-1.2
2-3 38.8 50.3 1 - 1 -
4 9.7 13.2 1.1 0.7-1.6 1.3 1.1-1.6
Previous preterm
birth
Yes 89.0 93.5  0.0000 6.6 4.5-9.7 2.5 1.9-33
No 11.0 6.5 1 - 1 -
Maternal height
Q1: 100-160 cm 37.2 36.9  0.0000 1.3 1.0-1.8 1.5 1.3-1.8
Q2:161-165 cm 25.2 29.3 1.0 0.7-1.3 1.2 1.0-1.5
Q3: 166-168 cm 15.9 14.4 1.0 0.7-1.4 1.0 0.8-1.3
Q4: 169-190 cm 21.6 19.3 1 - 1 -
Pre-pregnancy
BMI
<18.5 10.4 5.6 0.0000 1.4 1.0-2.1 0.8 0.6-1.1
18.5-24.9 57.7 58.3 1 - 1 -
25-29.9 17.6 19.6 1.0 0.8-1.4 1.1 0.9-1.3
>=30 14.4 16.5 1.6 1.1-2.2 1.7 1.4-2.0
Nationality
French 84.2 84.9  0.0044 1 - 1 -
Other Europe 2.9 2.8 0.8 0.4-1.6 0.8 0.6-1.2
North African 4.1 5.1 0.8 0.5-1.5 0.9 0.7-1.2
sub-Saharan Africa 59 4.6 2.2 1.4-3.5 1.6 1.2-2.2
Other 2.9 2.6 1.2 0.6-2.2 1.1 0.8-1.6
Level of education
Low ISCED 0-2 38.0 342 0.0000 2.0 1.5-2.8 1.5 1.3-1.8
Medium ISCED 3-5 39.4 42.0 1.4 1.0-1.8 1.3 1.1-1.5
High ISCED 6+ 22.7 23.8 1 - - 1
Smoking n°
cigarettes/day
during the 3"
trimester
0 80.5 80.3  0.0068 1 - 1 -
1-9 14.1 14.1 1.1 0.8-1.5 1.2 1.0-1.4
>=10 5.4 5.6 1.0 0.6-1.6 1.1 0.9-1.5

a. F-test b. Adjusted Relative Risk Ratio
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Abstract

Objectives: To investigate whether risk factors for preterm (<37 weeks gestation) and
early term birth (37 and 38 weeks gestation) are similar.

Design: Nationally representative cross-sectional study of births
Setting: France in 2010
Participants: Live singleton births (N=14 326)

Primary and secondary outcome measures: Preterm and early term birth rates overall
and by mode of delivery (spontaneous and indicated). Risk factors were maternal
sociodemographic characteristics, previous preterm birth, height, pre-pregnancy body
mass index (BMI) and smoking, assessed using multinomial regression models with full
term births 39 weeks and over as the reference group.

Results: There were 5.5% preterm and 22.5% early term births. Common risk factors
were: a previous preterm delivery (adjusted relative risk ratio aRRR=8.2 [95% CI: 6.2-
10.7] and aRRR=2.4 [95% CI: 2.0-3.0] respectively), short stature, underweight (overall
and in spontaneous deliveries), obesity (in indicated deliveries only), a low educational
level, and Sub Saharan African origin. In contrast, primiparity was a risk factor only for
preterm birth, aRRR=1.8 [95% CI: 1.5-2.2], while higher parity was associated with
greater risk of early term birth.

Conclusions: Most population-level risk factors were common to both preterm and early
term birth with the exception of primiparity, and BMI which differed by mode of onset of
delivery. Our results suggest that preterm and early term birth share similar etiologies and
thus potentially common strategies for prevention.

Strengths and limitations of this study:

e We had detailed information on prenatal social and demographic characteristics
collected using a standardized maternal interview in a representative sample of births
in France.

e We had few missing data for which we corrected using multiple imputation.

e We used multinomial regression to estimate preterm and early term birth adjusted
relative risk ratios and their 95% confidence intervals by maternal characteristics using
births reaching full term (i.e. births 39 weeks and over) as the reference.

e Because very preterm births represented 0.6% of births in our sample, we do not
report associations by preterm GA subgroups.

e Our sample size may have been too small to detect low to moderate associations in
less prevalent sub groups of women, such as heavy smokers, for instance.
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Introduction

Preterm birth, defined as birth before 37 weeks of gestation, is a leading cause of
perinatal mortality and morbidity. Preterm infants represent 60% of all neonatal deaths and
75% of all infant deaths (1). They are at risk of short and long-term neurocognitive and motor
impairments, and display higher rates of chronic disease and premature death compared to
term infants (1, 2). The prevention of preterm birth is a global priority, however preterm
births are not the only gestational age subgroup at risk of adverse health outcomes (1, 2).
Compared to being born full term, defined as between 39 and 41 weeks, early term birth at 37
and 38 weeks is associated with higher risks of neonatal mortality, more intensive care unit
admissions (3), and higher health-related costs well into childhood for obstructive airway

diseases, visual and motor disabilities (4).

There are large differences in rates and trends of preterm and early term births among
countries with similar levels of development (5-7). In Europe in 2010, preterm birth rates
ranged between 4.1% and 8.2% while early term rates ranged between 15.6% and 30.8% (5);
such heterogeneity across countries suggests that rate reductions may be possible. However,
despite the significant public health burden (4, 8-10), little progress has been made in
decreasing the number of these early births (6, 11, 12). The latest French recommendations
for the prevention of spontaneous preterm birth focus on smoking cessation and on
interventions for women with high risk pregnancies (i.e. cerclage, progesterone), but conclude
that high quality evidence does not exist for other preventive strategies (13); this is partially
due to the low predictive accuracy of diagnostic tools (11). As for early term birth, prevention
efforts are recent, with a focus by professional societies in the United States on the reduction
of indicated early term deliveries for non-medical reasons (14).

More research on the etiology of early delivery is required to orient prevention efforts

and practice. There is recent evidence that in high-income countries, moderate and late
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preterm birth rates are associated with rates of early term birth(15). Positive associations
between preterm and early term birth country rates suggest that common population-level
determinants could underpin shifts in the gestational age distribution towards early delivery.
There are known maternal characteristics that contribute significantly to preterm birth rates
and trends within countries, including maternal age, underweight and obesity and
socioeconomic status (16) . In addition, we know that early term and late preterm births both
have worse neonatal outcomes compared to full term births (17). However, what is not
known is which maternal characteristics related to preterm birth risk (1, 11, 16, 18) could also
relate to early term birth(19). Thus in this study we aimed to identify maternal population
determinants of preterm and early term birth taking into consideration mode of onset of
delivery, i.e. spontaneous or indicated, using nationally representative data on births from the
French National Perinatal Survey in 2010.

Materials and Methods

The French National Perinatal Survey 2010 (Enquéte Nationale Périnatale, ENP) is a
study based on a representative sample of births in Metropolitan France. The National
Perinatal Surveys have been conducted periodically since 1995 and constitute part of the
routine health information system for the surveillance of mothers and newborns in France
(20). They include all live and stillbirths starting at 22 weeks of gestation or weighing at least
500g over the course of one week in all public and private maternity units. In 2010, there were
535 maternity units operating in metropolitan France of which one refused to participate (20) .
For this study, we included singleton pregnancies ending in a live birth with a gestational age
of 22 weeks or over (N=14,326 pregnant women). Multifetal pregnancies and stillbirths were

excluded because of differences in delivery practices and etiology for these births.

Survey items on mothers’ demographic characteristics (e.g. maternal age, parity),

socioeconomic status (e.g. level of education), prenatal care and behaviors were collected
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during interviews with midwives or nurses in the postpartum ward. Other data on the delivery
and newborn health were abstracted from the medical records by medical staff, and include
information on the mode of onset of delivery, pre-existing maternal medical conditions
(hypertension, diabetes), as well as routine indicators of neonatal health at birth(20). We
defined indicated deliveries as those with a provider-initiated mode of onset, i.e. either
induction of labor or prelabor cesarean section. Although there may have been differences in
the distribution of maternal characteristics by region, our total sample size precluded us
carrying out more detailed analyses (24 regions in total, N min=58 and N max= 1312 live

singleton births).

Our main outcomes were preterm and early term birth. These were defined
respectively as births 22-36 completed weeks of gestation and 37-38 completed weeks overall
and by mode of onset (spontaneous or indicated). Gestational age was based on the best
obstetrical estimate. In France, nearly all women have a first trimester ultrasound for dating
the pregnancy (20). The upper limit of gestational age included in the sample was 44 weeks,
but very few deliveries were postterm (N=49, 0.4% at 42 weeks and over). We also do not
report associations by preterm GA subgroups, in particular for very preterm births (N=122,

0.9%)

We selected risk factors based on a scoping review of the scientific literature,
including recent research on preterm birth risk factors in France (18, 21). Some preterm birth
exposures that were available in the French National Perinatal Survey were omitted from our
study because of their low prevalence in the sample (i.e. use of fertility treatments : <4%,

diabetes: <2%, and chronic hypertension: 2%).

We included the following variables in our analysis: maternal age (<20, 20-24, 25-29,
30-34, >=35 years old), parity (1,2-3,4+), previous preterm birth, nationality (French, Other

European, North African, Sub-Saharan African, Other), maternal height presented in quartiles
6
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(Q1: 100-160cm, Q2: 161-165cm, Q3: 166-168cm, Q4:169-190cm), pre-pregnancy body
mass index (defined as underweight, normal, overweight, and obese women for BMIs <18.5,
18.5-24.9, 25-29.9,>30 respectively), level of education, and smoking during the third
trimester. Level of completed education was defined based on the ISCED 2011 classification:
low educational level ISCED 0-2 (i.e. up to lower secondary education completed), medium
educational level ISCED 3-5 (i.e. upper secondary education or short cycle tertiary education
completed), high educational level ISCED 6-7 (Bachelors’ equivalent or higher) . BMI is a
measure of body mass that is independent of height in adults; therefore both variables were

included in the study (22).

The National Council on Statistical Information (Comité du Label) and the French
Commission on Information Technology and Liberties (CNIL) approved the French National

Perinatal Surveys (Enquéte Nationale Périnatale 2010)

Analysis strategy

We first compared the distributions of preterm and early term births by maternal
characteristics. We included all maternal exposures hypothesized to be associated with
preterm delivery in the multivariate analyses (18). We used multinomial regression to
estimate preterm and early term birth adjusted relative risk ratios (RRR) and their 95%
confidence intervals by maternal characteristics using births reaching full term (i.e. births 39
weeks and over) as the reference. Adjusted relative risk ratios are similar to adjusted odds

ratios in binary logistic regression.

In the mode of onset analyses, we computed relative risk ratios of spontaneous and
indicated preterm and early delivery using the same full term reference population (i.e. all
births 39 weeks and over, regardless of mode of onset). We used this reference population as
we considered spontaneous and indicated births as two sub-types of our outcome (early

delivery). Indicated deliveries at full term are principally for prolonged pregnancy, previous

7
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cesarean section and can be based on maternal request, indications which are much less
common before 39 weeks(23, 24). Data were analysed using STATA 13.0 software

(StataCorp LP, College Station, TX, USA).

There were 14 326 live singleton births in the survey of which 65 were missing GA
data. We had less than 1% missing data on mode of onset of labor (i.e. spontaneous or
provider-initiated delivery) and less than 5% missing sociodemographic data (i.e. nationality
and level of education). There were 4% missing data on previous preterm birth and 6%
missing on anthropometric characteristics (i.e. height or BMI). Although individual
proportions of missing data were low, complete cases were only 86% of the total and
therefore we imputed missing values (except the outcome) using multivariate imputation by
chained equations. We performed 100 imputations using all available covariates (25).
Descriptive and multivariate analyses were done on the imputed dataset. Because data were
imputed, we used F-tests to look at differences in the distributions of maternal characteristics

by GA subgroup(26).
Results

Table 1 provides descriptive statistics on our sample. We included 14 261 live
singleton pregnancies with GA data available. The overall rate of preterm birth was 5.5% and
early term birth was 22.6%. In the reference population of women with a full term birth, 2.4%
were aged under 20 and 18.3% over 35 years of age; 44.1% were primiparous and 6.9% were
parity 4 or more; 2.2% had a previous preterm birth, 7.8% were underweight, 9.4% were
overweight and 16.4% smoked in the 3" trimester of pregnancy. The risk profiles of mothers
with a preterm and early term infant were different. These mothers were more likely to be
older, have a previous preterm birth, be of shorter stature, with a lower level of education, and
smoke. Mothers with a preterm birth were more likely to be primipara whereas mothers with

an early term birth were more likely to be multipara, compared to mothers with a term birth.
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In multinomial multivariable models, most of these associations persisted; common
population determinants for preterm and early term birth were: a previous preterm birth,
shorter stature, underweight, sub-Saharan nationality, and a low level of education. There
were some differences in the impact of these risk factors: a previous preterm birth was a
stronger risk factor for preterm birth than early term birth (aRRR 8.2 vs. 2.4 respectively);
maternal underweight and Sub-Saharan nationality were also stronger risk factors for preterm
compared to early term birth. Primipara were at risk for preterm birth only (aRRR 1.8 [1.5-
2.2]), whereas grand multipara (parity 4+) were at higher risk of early term birth. After
adjustment, advanced maternal age, and smoking during the third trimester were no longer

associated with increased risks of delivery before 39 weeks.

In Table 2, we display the associations between spontaneous preterm, and early term
births by maternal characteristics. Out of all births, 2.8% were spontaneous preterm births and
13.6% were spontaneous early term births. Common risk factors were: a previous preterm
birth, short stature, maternal underweight, foreign nationality (i.e. Other European), and a low
level of education. There were some differences in the impact of these risk factors.
Underweight was a stronger risk factor for spontaneous preterm than early term birth: aRRR
1.9[1.4-2.6] vs aRRR 1.3[1.1-1.5] respectively, and overweight women displayed a reduced
risk of spontaneous early term delivery. Primipara were at risk of preterm birth but not early
term birth. Smoking during the third trimester was associated with a moderately increased risk
of spontaneous preterm delivery, although the confidence interval included 1: aRRR 1.5[1.0-

2.2]. The aRRR was lower and non-significant for early term birth: 1.2[0.9-1.5].

In Table 3, we display the associations between indicated preterm and early term birth
by maternal characteristics. Out of all births, 2.6% were indicated preterm deliveries and 8.8%
were indicated early term deliveries. Most risk factors were common to indicated preterm and

early term birth including: advanced maternal age, a previous preterm birth, short stature,
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obesity (aRRR 1.6(1.1-2.2] preterm, and aRRR 1.7[1.4-2.0] early term), sub-Saharan African
origin (aRRR 2.2[1.4-3.5] preterm, and aRRR 1.6[1.2-2.2] for early term), and a low level of
education, after adjusting on all other covariates. Primipara were only at risk for indicated
preterm birth, aRRR=2.1[1.6-2.7]; while parity 4+ was associated with greater risk of

indicated early term birth aRRR= 1.3 [1.1-1.6].

When we compare findings from our mode of onset analyses, Table 2 and 3 show that
risk factors for delivery before 39 weeks are the same in spontaneous preterm and early term
deliveries, and indicated preterm and early term deliveries - with the exception of BMI.
Underweight was a risk factor for spontaneous delivery before 39 weeks (aRRR 1.9[1.4-2.6]
for preterm and aRRR 1.3[1.1-1.5] for early term), whereas overweight was a risk factor for
indicated delivery before 39 weeks (aRRR 1.6(1.1-2.2] preterm, and aRRR 1.7[1.4-2.0] early

term).

Discussion

Our study provides new insight into the population determinants of preterm and early
term birth by mode of onset of delivery. We identified shared risk factors for delivery before
39 weeks which were: a previous preterm birth, short stature, a low level of education,
underweight (overall and in spontaneous deliveries), obesity (in indicated deliveries only),
and foreign origin (for other European and sub-Saharan nationals). The impact of most risk
factors was greater for preterm birth compared to early term birth, and primiparity was a risk

factor for preterm birth but not early term birth.

A strength of our study is the availability of detailed population-based information on
prenatal, social and demographic characteristics collected using a standardized maternal
interview in a representative sample of births in France. We had few missing data for which

we corrected using multiple imputation. In this study, our focus was on the broader population
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determinants of early delivery that contribute to global rates of preterm and early term birth in
France. We were able to conduct analyses for spontaneous and indicated deliveries separately
in order to highlight potential differences in risk factors between these subtypes of preterm
birth for which some medical maternal and fetal factors differ (27). We did not include
pregnancy complications in our analyses as these are pathways between our population risk

factors and preterm and early term deliveries. (28, 29),

Our study also has some limitations. Our sample size may have been too small to
detect low to moderate associations in less prevalent subgroups of women, such as heavy
smokers, for instance. Similarly, we were not able to include risk factors with low prevalence
(i.e. preexisting medical conditions: diabetes, hypertension) or carry out analyses by region
although there may have been differences in the distribution of maternal characteristics. We
did not carry out separate analyses for very preterm births, and it is possible that risk factors
for this vulnerable subpopulation may differ from those for moderate and late preterm births
at 32-36 weeks of gestation. Finally, we did not correct for multiple comparisons in order to

maintain adequate power to carry out the study (30).

The strongest single predictor of both preterm and early term delivery was a previous
preterm birth overall and by mode of onset of delivery, as confirmed in other population-
based studies (31, 32) and a recent systematic review which showed a 30% risk of recurrent
spontaneous preterm birth (sPTB) following sPTB in singleton pregnancies (33) . In contrast,
first-time mothers were more likely to deliver preterm, but not early term indicating that the
shape of the risk distribution for early delivery in primipara may slightly differ from the
overall GA distribution which peaks around 38-40 weeks of gestation.Fertility trends
determining the proportion of primiparous women may therefore contribute to differences in

preterm and early term birth rates across countries.
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Socio-demographic characteristics, measured by a lower level of education and
mother’s country of birth, were also associated with earlier delivery overall and by mode of
onset of delivery. Maternal educational level is a well documented risk factor for preterm
birth risk and recent findings from Canada have shown an association with early term birth
(34-36). Exposures related to mothers’ general quality of life and well-being (i.e. living and
employment conditions, air pollution, exposure to stress) could mediate the association with
social status via physiological pathways (37-41). In France, Prunet et al. showed that social
status was associated with preterm birth risk independently of use of medical care during
pregnancy (18). As for the association with foreign origin, our results are consistent with the

literature showing higher risks of preterm birth among women from Sub-Saharan Africa (42).

There were common anthropometric determinants of delivery before 39 weeks overall,
however there were differences by mode of onset of delivery. Our findings confirm previous
research on the association between preterm birth and short stature (43, 44) and we provide
new evidence on the association with early term birth. With respect to maternal pre-pregnancy
weight, thinness is often associated with spontaneous preterm birth but the association
between GA and overweight is less clear (45-47). A greater prevalence of comorbities in
obese women could contribute to the excess in indicated delivery (48), which we observed. In
contrast, the decreased risk of spontaneous preterm and early term delivery in women with
BMIs over 30 could be due to specific delivery practices, and greater levels of obstetrical

interventions for obese women in general(49).

Finally, smoking and advanced maternal age are traditionally cited as preterm birth
risk factors (50, 51); while there was an increased risk for spontaneous preterm birth in heavy
smokers and an increased risk for indicated preterm and early term delivery in mothers over

35, we did not identify associations with either variable in the overall analyses. Previous data
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from France, also showed a limited impact of smoking on overall preterm birth risk whereas

associations were stronger in studies from other countries (20, 21).

Our findings showing common risk patterns for preterm and early term births suggest
a shared etiology for these births overall, with some exceptions for primiparous women and
by mode of onset of delivery for BMI. These results raise questions about the appropriate
definition of preterm birth, and the GA thresholds which should be used (52). Our findings by
mode of onset of delivery are also consistent with two reports documenting shared pregnancy
complications for spontaneous preterm and early term deliveries (28, 29). Delivery following
spontaneous labour even close to full term may be a result of pathological processes (28),
with a slightly more heterogeneous etiology for medically indicated late preterm and early
term phenotypes (i.e. anemia and gastrointestinal disease were associated with late preterm
but not early term delivery) (29). Future research associating maternal exposures with
pregnancy complications such as: diabetes mellitus, infection and inflammation, placental
ischemia, polyhydramnios and oligohydramnios, which are related to spontaneous and
indicated preterm and early term births could provide insight into the mechanisms

underpinning early delivery (28).

In conclusion, our population-based study showed that there are several shared
maternal prenatal and socio-demographic risk factors for delivery before full term (i.e. 39
weeks and over). Because strategies to reduce individual risk of preterm birth have had a
limited impact on global rate reductions (11), investing in broader population-based
interventions may be justified, including those targeting maternal pre-pregnancy BMI and
social inequalities in health (48). Moreover, due to the large volume of births at 37-38 weeks,
even small point percentage reductions are likely to impact on health and needs for
educational and social services. Each additional week of gestation after 35 weeks reduces

specific delays in communication, personal-social, fine-motor, and problem-solving skills up
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until 24 months of age, and the population attributable fraction for poor achievement in school
is highest among early term births (53, 54). The existence of shared risk factors for both
gestational age subgroups and the greater number of early term births compared to preterm
births provides greater power to investigate the mechanisms leading to early delivery, and
supports the use of a broader research paradigm for preterm birth prevention.

Contributions: MD, BB and JZ contributed to the study design, and interpretation of the
data. MD, BB, and CP participated in the data collection and analysis. MD and JZ drafted the

manuscript, BB provided critical revisions. All authors have read and approved the final

version of the manuscript.
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Table 1: Associations between maternal characteristics and risks of preterm (<37 weeks) and early
term birth (37-38 weeks) using births reaching full term (i.e. 39 weeks and over) as the reference in a
representative sample of births in France in 2010

<37 wks 37-38 =39 wks <37 weeks GA 37-38 weeks GA
GA wks GA GA
% % %
N=782 N=3010 N=10269 p aRRRs"  95%  aRRRs’  95%CI
CI
Maternal age
<20 years 346 3.9 23 24 0.005 1.0 0.7-1.6 0.9 0.7-1.2
20-24 years 2078 16.3 14.5 14.5 0.9 0.8-1.2 1.0 0.9-1.2
25-29 years 4737 32.8 31.7 33.7 1 - 1 -
30-34 years 4380 27.9 30.1 31.1 1.0 0.8-1.2 1.0 0.9-1.1
>=35 years 2720 19.1 21.4 18.3 1.1 0.9-1.4 1.2 1.0-1.3
Parity <0.001
1 6165 49.8 38.9 44.1 1.8 1.5-2.2 0.9 0.8-1.0
2-3 6980 39.8 50.8 49.1 1 1 -
4+ 1116 10.4 10.3 6.9 1.2 0.9-1.6 1.2 1.1-1.4
Previous preterm <0.001
birth
No 13740 86.6 94.1 97.8 1 - 1 -
Yes 521 13.4 59 2.2 8.2 6.2- 24
10.7 ’ 2.0-3.0
Maternal height <0.001
Q1: 100-160 cm 4365 37.7 34.6 28.8 1.4 1.1-1.7 1.4 1.2-1.6
Q2:161-165 cm 4143 25.9 29.9 29.0 1.0 0.8-1.2 1.2 1.1-1.4
Q3: 166-168 cm 2440 15.2 15.2 17.9 0.9 0.7-1.2 1.0 0.9-1.2
Q4: 169-190 cm 3313 21.3 20.4 24.3 1 - 1 -
Pre-pregnancy 0.307
BMI
<18.5 1177 12.9 8.5 7.8 1.7 1.3-2.2 1.1 1.0-1.3
18.5-25.9 9190 59.9 63.6 65.0 1 - 1 -
25-29.9 2472 15.5 16.6 17.7 0.9 0.7-1.1 0.9 0.8-1.0
>=30 1422 11.7 11.2 9.4 1.2 1.0-1.6 1.1 1.0-1.3
Nationality 0.043
French 12360 84.0 86.3 87.0 1 - 1 -
Other European 470 4.2 33 32 1.2 0.8-1.8 1.0 0.8-1.2
North African 685 4.9 4.4 4.9 1.1 0.7-1.5 0.8 0.7-1.0
Sub-Saharan Africa 392 4.5 33 24 1.8 1.2-2.6 1.3 1.0-1.6
Other 354 2.5 2.7 24 1.0 0.6-1.6 1.1 0.8-1.4
Level of education
Low ISCED 0-2 4054 37.5 31.9 26.7 <0.001 1.7 1.3-2.1 1.2 1.1-1.4
Medium ISCED 3-5 5883 38.8 40.6 41.7 1.2 1.0-1.5 1.1 1.0-1.2
High ISCED 6+ 4324 23.7 27.6 31.7 1 - 1 -
Smoking n° <0.001
cigarettes/day
during the 3"
trimester
0 11814 79.1 81.4 83.6 1 - 1 -
1-9 cigarettes 1757 13.9 12.8 12.1 1.0 0.8-1.3 1.0 0.9-1.2
>=10 cigarettes 690 7.0 5.8 4.4 1.3 0.9-1.8 1.1 0.9-1.4
a. F-test b. Adjusted Relative Risk Ratio
Note: ISCED 2011, International Standard Classification of Education 2011.
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1
2
3 Table 2: Associations between maternal characteristics and risks of spontaneous preterm (<37 weeks)
4 and early term birth (37-38 weeks) using births reaching full term (i.e. 39 weeks and over, N=10269)
5 as the reference in a representative sample of births in France in 2010
6
7 <37 weeks 37-38 <37 weeks 37-38 weeks
8 GA weeks GA GA GA
9 % %
N=405 N=1949 P aRRRs" 95% CI aRRRs" 95% CI

10 Maternal age
1 <20 years 3.7 2.5 0.002 1.0 0.6-1.8 1.0 0.7-1.4
12 20-24 years 19.1 16.2 1.1 0.8-1.5 0.9-13
13 25-29 years. 34.9 344 1 - -
14 30-34 years 24.2 30.1 0.8 0.6-1.0 0.9 0.8-1.0
15 >=35 years 18.1 16.8 1.0 0.7-1.3 0.8 0.7-1.0
16 Parity
17 1 48.4 40.5 0.004 1.6 1.3-2.1 0.9 0.8-1.0
18 2-3 40.8 51.1 1 - 1

4 10.8 8.3 1.3 0.9-1.9 1.2 1.0-1.4
19 Previous preterm birth
20 No 84.6 94.5  <0.001 1 - 1 -
21 Yes 15.4 55 9.3 6.6-13.0 2.4 1.9-3.1
22 Maternal height
23 Q1: 100-160 cm 38.2 33.0 <0.001 1.4 1.1-1.9 1.3 1.1-1.5
24 Q2: 161-165 cm 26.4 30.1 1.0 0.8-1.4 1.2 1.0-14
25 Q3: 166-168 cm 14.5 15.7 0.9 0.6-1.3 1.0 0.9-1.2
26 Q4: 169-190 cm 21.0 21.1 1 - 1 -
27 Pre-pregnancy BMI
28 <18.5 15.3 10.4 <0.001 1.9 1.4-2.6 1.3 1.1-1.5

18.5-24.9 61.9 67.1 1 - 1 -
29 25-29.9 13.6 14.7 0.8 0.6-1.0 0.8 0.7-0.9
30 >=30 93 7.8 0.9 0.6-1.3 0.7 0.6-0.9
31 Nationality
32 French 83.7 87.1 0.6213 1 - 1 -
33 Other Europe 54 3.7 1.5 1.0-2.5 1.1 0.8-1.4
34 North African 5.7 3.9 1.2 0.8-2.0 0.8 0.6-1.0
35 Sub-Saharan Africa 3.1 2.5 1.2 0.7-2.3 1.0 0.7-1.4
36 Other 2.1 2.8 0.8 0.4-1.7 1.1 0.8-1.5
37 Level of education

Low ISCED 0-2 37.1 30.4 <0.001 1.4 1.0-1.9 1.1 0.9-1.3
38 Medium ISCED 3-5 38.4 39.7 1.1 0.8-1.4 1.0 0.9-1.1
39 High ISCED 6+ 24.5 30.0 1 - 1 -
40 Smoking n°
41 cigarettes/day during the
42 3™ trimester
43 0 78.0 82.2 <0.001 1 - 1 -
44 1-9 13.5 11.9 1.0 0.7-1.3 0.9 0.8-1.1
45 >=10 8.5 59 1.5 1.0-2.2 1.2 0.9-1.5
46 a. F-test b. Adjusted Relative Risk Ratio
47 Note: ISCED 2011, International Standard Classification of Education 2011.
48
49
50
51
52
53
54
55
56
57
59
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Table 3: Associations between maternal characteristics and risks of indicated preterm (<37 weeks) and
early term birth (37-38 weeks) using births reaching full term (i.e. 39 weeks and over, N=10269) as
the reference in a representative sample of births in France in 2010

@
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<37 weeks 37-38 weeks <37 weeks 37-38 weeks

GA % GA % GA GA

N=374 N=1259 P aRRRs’ 95% CI aRRRs" 95% CI
Maternal age
<20 years 4.1 1.9 0.0000 1.1 0.6-2.0 0.9 0.6-1.4
20-24 years 13.5 11.9 0.8 0.6-1.1 0.9 0.8-1.2
25-29 years 30.5 27.6 1 - 1 -
30-34 years 31.6 30.1 1.3 1.0-1.7 1.2 1.0-1.4
>=35 years 20.3 28.4 1.4 1.0-1.9 1.8 1.5-2.1
Parity
1 51.5 36.6 0.0000 2.1 1.6-2.7 1.0 0.9-1.2
2-3 38.8 50.3 1 - 1 -
4 9.7 13.2 1.1 0.7-1.6 1.3 1.1-1.6
Previous preterm birth
Yes 89.0 93.5 0.0000 6.6 4.5-9.7 2.5 1.9-3.3
No 11.0 6.5 1 - 1 -
Maternal height
Q1: 100-160 cm 37.2 36.9 0.0000 1.3 1.0-1.8 1.5 1.3-1.8
Q2: 161-165 cm 25.2 29.3 1.0 0.7-1.3 1.2 1.0-1.5
Q3:166-168 cm 15.9 14.4 1.0 0.7-1.4 1.0 0.8-1.3
Q4:169-190 cm 21.6 19.3 1 - 1 -
Pre-pregnancy BMI
<18.5 10.4 5.6 0.0000 1.4 1.0-2.1 0.8 0.6-1.1
18.5-24.9 57.7 58.3 1 - 1 -
25-29.9 17.6 19.6 1.0 0.8-1.4 1.1 0.9-1.3
>=30) 14.4 16.5 1.6 1.1-2.2 1.7 1.4-2.0
Nationality
French 84.2 84.9 0.0044 1 - 1 -
Other Europe 2.9 2.8 0.8 0.4-1.6 0.8 0.6-1.2
North African 4.1 5.1 0.8 0.5-1.5 0.9 0.7-1.2
Sub-Saharan Africa 59 4.6 2.2 1.4-3.5 1.6 1.2-2.2
Other 2.9 2.6 1.2 0.6-2.2 1.1 0.8-1.6
Level of education
Low ISCED 0-2 38.0 342 0.0000 2.0 1.5-2.8 1.5 1.3-1.8
Medium ISCED 3-5 39.4 42.0 1.4 1.0-1.8 1.3 1.1-1.5
High ISCED 6+ 22.7 23.8 1 - - 1
Smoking n°
cigarettes/day during
the 3™ trimester
0 80.5 80.3 0.0068 1 - 1 -
1-9 14.1 14.1 1.1 0.8-1.5 1.2 1.0-1.4
>=10 54 5.6 1.0 0.6-1.6 1.1 0.9-1.5

a. F-test b. Adjusted Relative Risk Ratio
Note: ISCED 2011, International Standard Classification of Education 2011.
20
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Abstract

Objectives: To investigate whether risk factors for preterm (<37 weeks gestation) and
early term birth (37 and 38 weeks gestation) are similar.

Design: Nationally representative cross-sectional study of births
Setting: France in 2010
Participants: Live singleton births (N=14 326)

Primary and secondary outcome measures: Preterm and early term birth rates overall
and by mode of delivery (spontaneous and indicated). Risk factors were maternal
sociodemographic characteristics, previous preterm birth, height, pre-pregnancy body
mass index (BMI) and smoking, assessed using multinomial regression models with full
term births 39 weeks and over as the reference group.

Results: There were 5.5% preterm and 22.5% early term births. Common risk factors
were: a previous preterm delivery (adjusted relative risk ratio aRRR=8.2 [95% CI: 6.2-
10.7] and aRRR=2.4 [95% CI: 2.0-3.0] respectively), short stature, underweight (overall
and in spontaneous deliveries), obesity (in indicated deliveries only), a low educational
level, and Sub Saharan African origin. In contrast, primiparity was a risk factor only for
preterm birth, aRRR=1.8 [95% CI: 1.5-2.2], while higher parity was associated with
greater risk of early term birth.

Conclusions: Most population-level risk factors were common to both preterm and early
term birth with the exception of primiparity, and BMI which differed by mode of onset of
delivery. Our results suggest that preterm and early term birth share similar etiologies and
thus potentially common strategies for prevention.

Strengths and limitations of this study:

e We had detailed information on prenatal social and demographic characteristics
collected using a standardized maternal interview in a representative sample of births
in France.

e We had few missing data for which we corrected using multiple imputation.

e We used multinomial regression to estimate preterm and early term birth adjusted
relative risk ratios and their 95% confidence intervals by maternal characteristics using
births reaching full term (i.e. births 39 weeks and over) as the reference.

e Because very preterm births represented 0.6% of births in our sample, we do not
report associations by preterm GA subgroups.

e Our sample size may have been too small to detect low to moderate associations in
less prevalent sub groups of women, such as heavy smokers, for instance.
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Introduction

Preterm birth, defined as birth before 37 weeks of gestation, is a leading cause of
perinatal mortality and morbidity. In Europe, preterm infants represent 75% of all neonatal
deaths and 60% of all infant deaths (1). They are at risk of short and long-term neurocognitive
and motor impairments, and display higher rates of chronic disease and premature death
compared to term infants (1, 2). The prevention of preterm birth is a global priority, however
preterm births are not the only gestational age subgroup at risk of adverse health outcomes (3,
4). Compared to being born full term, defined as between 39 and 41 weeks, early term birth at
37 and 38 weeks is associated with higher risks of neonatal mortality, more intensive care unit
admissions (4), and higher health-related costs well into childhood for obstructive airway

diseases, visual and motor disabilities (5).

There are large differences in rates and trends of preterm and early term births among
countries with similar levels of development (1, 6-7). In Europe in 2010, preterm birth rates
ranged between 4.1% and 8.2% while early term rates ranged between 15.6% and 30.8% (1);
such heterogeneity across countries suggests that rate reductions may be possible. However,
despite the significant public health burden (4, 8-10), little progress has been made in
decreasing the number of these early births (6, 11, 12). The latest French recommendations
for the prevention of spontaneous preterm birth focus on smoking cessation and on
interventions for women with high risk pregnancies (i.e. cerclage, progesterone), but conclude
that high quality evidence does not exist for other preventive strategies (13); this is partially
due to the low predictive accuracy of diagnostic tools (11). As for early term birth, prevention
efforts are recent, with a focus by professional societies in the United States on the reduction
of indicated early term deliveries for non-medical reasons (14).

More research on the etiology of early delivery is required to orient prevention efforts

and practice. There is recent evidence that in high-income countries, moderate and late
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preterm birth rates are associated with rates of early term birth (15). Positive associations
between preterm and early term birth country rates suggest that common population-level
determinants could underpin shifts in the gestational age distribution towards early delivery.
Known maternal characteristics that contribute significantly to preterm birth rates and trends
within countries include maternal age, underweight, obesity, and socioeconomic status (16).
Early term and late preterm births also have worse neonatal outcomes compared to full term
births (17). However, what is not known is which maternal characteristics related to preterm
birth risk (1, 11, 16, 18) could also relate to early term birth (19). Thus in this study we aimed
to identify maternal population determinants of preterm and early term birth overall and by
mode of onset of delivery, i.e. spontaneous or indicated, using nationally representative data
from the French National Perinatal Survey in 2010.

Materials and Methods

The French National Perinatal Survey 2010 (Enquéte Nationale Périnatale, ENP) is
based on a representative sample of births in Metropolitan France. The National Perinatal
Surveys have been conducted periodically since 1995 and constitute part of the routine health
information system for the surveillance of mothers and newborns in France (20). Data are
collected on all live and stillbirths starting at 22 weeks of gestation or weighing at least 500g
over the course of one week in all public and private maternity units. In 2010, there were 535
maternity units operating in metropolitan France of which one refused to participate (20) . For
this study, we included singleton pregnancies ending in a live birth with a gestational age of
22 weeks or over (N=14,326 pregnant women). Multifetal pregnancies and stillbirths were

excluded because of differences in delivery practices and etiology for these births.

Survey items on mothers’ demographic characteristics (e.g. maternal age, parity),
socioeconomic status (e.g. level of education), prenatal care and behaviors were collected

during interviews with midwives or nurses in the postpartum ward. Other data on the delivery
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and newborn health were abstracted from the medical records by medical staff, and include
information on the mode of onset of delivery, pre-existing maternal medical conditions
(hypertension, diabetes), as well as routine indicators of neonatal health at birth(20). We
defined indicated deliveries as those with a provider-initiated mode of onset, i.e. either
induction of labor or prelabor cesarean section. Although there may have been differences in
the distribution of maternal characteristics by region, our total sample size precluded us
carrying out more detailed analyses (24 regions in total, N min=58 and N max= 1312 live

singleton births).

Our main outcomes were preterm and early term birth. These were defined
respectively as births 22-36 completed weeks of gestation and 37-38 completed weeks overall
and by mode of onset (spontaneous or indicated). Gestational age was based on the best
obstetrical estimate. In France, nearly all women have a first trimester ultrasound for dating
the pregnancy (20). The upper limit of gestational age included in the sample was 44 weeks,
but very few deliveries were postterm (N=49, 0.4% at 42 weeks and over). We also do not
report associations by preterm GA subgroups, in particular for very preterm births (N=122,

0.9%)

We selected risk factors based on a scoping review of the scientific literature,
including recent research on preterm birth risk factors in France (18, 21). Some preterm birth
exposures that were available in the French National Perinatal Survey were omitted from our
study because of their low prevalence in the sample (i.e. use of fertility treatments: <4%,
diabetes: <2%, and chronic hypertension: 2%), women with these conditions however were

not excluded from the study.

We included the following variables in our analysis: maternal age (<20, 20-24, 25-29,
30-34, >=35 years old), parity (1,2-3,4+), previous preterm birth, nationality (French, Other

European, North African, Sub-Saharan African, Other), maternal height presented in quartiles
6
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(Q1: 100-160cm, Q2: 161-165cm, Q3: 166-168cm, Q4:169-190cm), pre-pregnancy body
mass index (BMI), defined as underweight, normal, overweight, and obese women for BMIs
<18.5, 18.5-24.9, 25-29.9, >30 respectively, level of education, and smoking during the third
trimester. Level of completed education was defined based on the ISCED 2011 classification:
low educational level ISCED 0-2 (i.e. up to lower secondary education completed), medium
educational level ISCED 3-5 (i.e. upper secondary education or short cycle tertiary education
completed), high educational level ISCED 6-7 (Bachelors’ equivalent or higher). BMI is a
measure of body mass that is independent of height in adults; therefore both variables were

included in the study (22).

The National Council on Statistical Information (Comité du Label) and the French
Commission on Information Technology and Liberties (CNIL) approved the French National

Perinatal Surveys (Enquéte Nationale Périnatale 2010)

Analysis strategy

We first compared the distributions of preterm and early term births by maternal
characteristics. We included all maternal exposures hypothesized to be associated with
preterm delivery in the multivariable analyses (18). We used multinomial regression to
estimate preterm and early term birth adjusted relative risk ratios (aRRR) and their 95%
confidence intervals by maternal characteristics using births reaching full term (i.e. births 39
weeks and over) as the reference. Adjusted relative risk ratios are similar to adjusted odds

ratios in binary logistic regression.

In the mode of onset analyses, we computed relative risk ratios of spontaneous and
indicated preterm and early delivery using the same full term reference population (i.e. all
births 39 weeks and over, regardless of mode of onset). We used this reference population as
we considered spontaneous and indicated births as two sub-types of our outcome (early

delivery). Indicated deliveries at full term are principally for prolonged pregnancy, previous

7
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cesarean section and can be based on maternal request, indications which are much less
common before 39 weeks (23, 24). Data were analysed using STATA 13.0 software

(StataCorp LP, College Station, TX, USA).

There were 14 326 live singleton births in the survey of which 65 were missing GA
data. We had less than 1% missing data on mode of onset of labor (i.e. spontaneous or
provider-initiated delivery) and less than 5% missing sociodemographic data (i.e. nationality
and level of education). There were 4% missing data on previous preterm birth and 6%
missing on anthropometric characteristics (i.e. height or BMI). Although individual
proportions of missing data were low, complete cases were only 86% of the total and
therefore we imputed missing values (except the outcome) using multivariate imputation by
chained equations. We performed 100 imputations using all available covariates (25).
Descriptive and multivariate analyses were done on the imputed dataset. Because data were
imputed, we used F-tests to look at differences in the distributions of maternal characteristics

by GA subgroup (26).
Results

Table 1 provides descriptive statistics on our sample. We included 14 261 live
singleton pregnancies with GA data available. The overall rate of preterm birth was 5.5% and
early term birth was 22.6%. In the reference population of women with a full term birth, 2.4%
were aged under 20 and 18.3% over 35 years of age; 44.1% were primiparous and 6.9% were
parity 4 or more; 2.2% had a previous preterm birth, 7.8% were underweight, 9.4% were
overweight and 16.4% smoked in the 3 trimester of pregnancy. The risk profiles of mothers
with a preterm and early term infant were different. These mothers were more likely to be
older, have a previous preterm birth, be of shorter stature, with a lower level of education, and
smoke. Mothers with a preterm birth were more likely to be primipara whereas mothers with

an early term birth were more likely to be multipara, compared to mothers with a term birth.
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In multinomial multivariable models, most of these associations persisted; common
population determinants for preterm and early term birth were: a previous preterm birth,
shorter stature, underweight, sub-Saharan nationality, and a low level of education. There
were some differences in the impact of these risk factors: a previous preterm birth was a
stronger risk factor for preterm birth than early term birth (aRRR 8.2 vs. 2.4 respectively);
maternal underweight and Sub-Saharan nationality were also stronger risk factors for preterm
compared to early term birth. Primipara were at risk for preterm birth only (aRRR 1.8 [1.5-
2.2]), whereas grand multipara (parity 4+) were at higher risk of early term birth. After
adjustment, advanced maternal age, and smoking during the third trimester were no longer

associated with increased risks of delivery before 39 weeks.

In Table 2, we display the associations between spontaneous preterm, and early term
births by maternal characteristics. Out of all births, 2.8% were spontaneous preterm births and
13.6% were spontaneous early term births. Common risk factors were: a previous preterm
birth, short stature, maternal underweight, foreign nationality (i.e. Other European), and a low
level of education. There were some differences in the impact of these risk factors.
Underweight was a stronger risk factor for spontaneous preterm than early term birth: aRRR
1.9[1.4-2.6] vs aRRR 1.3[1.1-1.5] respectively, and overweight women displayed a reduced
risk of spontaneous early term delivery. Primipara were at risk of preterm birth but not early
term birth. Smoking during the third trimester was associated with a moderately increased risk
of spontaneous preterm delivery, although the confidence interval included 1: aRRR 1.5[1.0-

2.2]. The aRRR was lower and non-significant for early term birth: 1.2[0.9-1.5].

In Table 3, we display the associations between indicated preterm and early term birth
by maternal characteristics. Out of all births, 2.6% were indicated preterm deliveries and 8.8%
were indicated early term deliveries. Most risk factors were common to indicated preterm and

early term birth including: advanced maternal age, a previous preterm birth, short stature,
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obesity (aRRR 1.6(1.1-2.2] preterm, and aRRR 1.7[1.4-2.0] early term), sub-Saharan African
origin (aRRR 2.2[1.4-3.5] preterm, and aRRR 1.6[1.2-2.2] for early term), and a low level of
education, after adjusting on all other covariates. Primipara were only at risk for indicated
preterm birth, aRRR=2.1[1.6-2.7]; while parity 4+ was associated with greater risk of

indicated early term birth aRRR= 1.3 [1.1-1.6].

When we compare findings from our mode of onset analyses, Table 2 and 3 show that
risk factors for delivery before 39 weeks are the same in spontaneous preterm and early term
deliveries, and indicated preterm and early term deliveries - with the exception of BMI.
Underweight was a risk factor for spontaneous delivery before 39 weeks (aRRR 1.9[1.4-2.6]
for preterm and aRRR 1.3[1.1-1.5] for early term), whereas overweight was a risk factor for
indicated delivery before 39 weeks (aRRR 1.6(1.1-2.2] preterm, and aRRR 1.7[1.4-2.0] early

term).

Discussion

Our study provides new insight into the population determinants of preterm and early
term birth by mode of onset of delivery. We identified shared risk factors for delivery before
39 weeks which were: a previous preterm birth, short stature, a low level of education,
underweight (overall and in spontaneous deliveries), obesity (in indicated deliveries only),
and foreign origin (for other European and sub-Saharan nationals). The impact of most risk
factors was greater for preterm birth compared to early term birth, and primiparity was a risk

factor for preterm birth but not early term birth.

A strength of our study is the availability of detailed population-based information on
prenatal, social and demographic characteristics collected using a standardized maternal
interview in a representative sample of births in France. We had few missing data for which

we corrected using multiple imputation. In this study, we focused on the broader population
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determinants of early delivery that contribute to overall rates of preterm and early term birth
in France. We conducted analyses for spontancous and indicated deliveries separately to
highlight potential differences in risk factors between these subtypes of preterm birth for
which some medical maternal and fetal factors differ (27). We did not include pregnancy
complications in our analyses as these constitute intermediate variables between population

characteristics and the risk of preterm and early term deliveries (28, 29).

Our study also has some limitations. Our sample size may have been too small to
detect low to moderate associations in less prevalent subgroups of women, such as heavy
smokers, for instance. Similarly, we did not analyze some risk factors available in our dataset
which had a low prevalence (i.e. preexisting medical conditions: diabetes, hypertension), or
carry out analyses by region although there may have been differences in the distribution of
maternal characteristics. We did not carry out separate analyses for very preterm births, and
risk factors for this vulnerable subpopulation may differ from those for moderate and late
preterm births at 32-36 weeks of gestation. Finally, we did not correct for multiple

comparisons to maintain adequate power to carry out the study (30).

The strongest single predictor of both preterm and early term delivery was a previous
preterm birth (overall and by mode of onset of delivery), as confirmed in other population-
based studies (31, 32) and a recent systematic review which showed a 30% risk of recurrent
spontaneous preterm birth (sPTB) following sPTB in singleton pregnancies (33) . In contrast,
first-time mothers were more likely to deliver preterm, but not early term indicating that the
shape of the risk distribution for early delivery in primipara may slightly differ from the
overall GA distribution which peaks around 38-40 weeks of gestation. Fertility trends
determining the proportion of primiparous women may therefore contribute to differences in

preterm and early term birth rates across countries.
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Socio-demographic characteristics, measured by a lower level of education and
mother’s country of birth, were also associated with earlier delivery overall and by mode of
onset of delivery. Maternal educational level is a well-documented risk factor for preterm
birth risk and recent findings from Canada have shown an association with early term birth
(34-36). Exposures related to mothers’ general quality of life and well-being (i.e. living and
employment conditions, air pollution, exposure to stress) could mediate the association with
social status via physiological pathways (37-41). In France, Prunet et al. showed that social
status was associated with preterm birth risk independently of use of medical care during
pregnancy (18). As for the association with foreign origin, our results are consistent with the

literature showing higher risks of preterm birth among women from Sub-Saharan Africa (42).

There were common anthropometric determinants of delivery before 39 weeks overall,
although there were differences by mode of onset of delivery. Our findings confirm previous
research on the association between preterm birth and short stature (43, 44) and we provide
new evidence on the association with early term birth. Thinness is often associated with
spontaneous preterm birth but the association between GA and overweight is less clear (45-
47). A greater prevalence of comorbities in obese women could contribute to the excess in
indicated delivery (48), which we observed. In contrast, the decreased risk of spontaneous
preterm and early term delivery in women with BMIs over 30 could be due to specific
delivery practices, and greater levels of obstetrical interventions for obese women in general

(49).

Finally, smoking and advanced maternal age are traditionally cited as preterm birth
risk factors (50, 51); while there was an increased risk for spontaneous preterm birth in heavy
smokers, and an increased risk for indicated preterm and early term delivery in mothers over

35, associations with either variable in the overall analyses were not statistically significant.

12
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Previous data from France, also showed a limited impact of smoking on overall preterm birth

risk whereas associations were stronger in studies from other countries (20, 21).

Our findings showing common risk patterns for preterm and early term births suggest
a shared etiology for these births overall, with some exceptions for primiparous women and
by mode of onset of delivery for BMI. These results raise questions about the appropriate
definition of preterm birth, and the GA thresholds which should be used (52). Our findings by
mode of onset of delivery are also consistent with two reports documenting shared pregnancy
complications for spontaneous preterm and early term deliveries (28, 29). Delivery following
spontaneous labour even close to full term may be a result of pathological processes (28),
with a slightly more heterogeneous etiology for medically indicated late preterm and early
term phenotypes (i.e. anemia and gastrointestinal disease were associated with late preterm
but not early term delivery) (29). Future research associating maternal exposures with
pregnancy complications such as: diabetes mellitus, infection and inflammation, placental
ischemia, polyhydramnios and oligohydramnios, which are related to spontaneous and
indicated preterm and early term births could provide insight into the mechanisms

underpinning early delivery (28).

In conclusion, our population-based study shows that there are several shared maternal
prenatal and socio-demographic risk factors for delivery before full term (i.e. 39 weeks and
over). Because strategies to reduce individual risk of preterm birth have had a limited impact
on overall rate reductions (11), investing in broader population-based interventions may be
justified, including those targeting maternal pre-pregnancy BMI and social inequalities in
health (48). Moreover, due to the large volume of births at 37-38 weeks, even small point
percentage reductions are likely to impact on health and needs for educational and social
services. Each additional week of gestation after 35 weeks reduces specific delays in

communication, personal-social, fine-motor, and problem-solving skills up until 24 months of
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age, and the population attributable fraction for poor achievement in school is highest among
early term births (53, 54). The existence of shared risk factors for both gestational age
subgroups and the greater number of early term births compared to preterm births provides
greater power to investigate the mechanisms leading to early delivery, and supports the use of
a broader research paradigm for preterm birth prevention.

Contributions: MD, BB and JZ contributed to the study design, and interpretation of the
data. MD, BB, and CP participated in the data collection and analysis. MD and JZ drafted the

manuscript, BB provided critical revisions. All authors have read and approved the final

version of the manuscript.

Data sharing statement: Instructions for applying for public access data from the French

National Perinatal Survey are available upon request from the authors.
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Table 1: Associations between maternal characteristics and risks of preterm (<37 weeks) and early
term birth (37-38 weeks) using births reaching full term (i.e. 39 weeks and over) as the reference in a
representative sample of births in France in 2010

<37 37-38 >39 <37 weeks GA 37-38 weeks GA
weeks  weeks weeks
GA GA GA
% % %

N=782 N=3010 N=10269 p° aRRRs" 95% CI  aRRRs”  95% CI
Maternal age
<20 years 346 3.9 2.3 2.4 0.005 1.0 0.7-1.6 0.9 0.7-1.2
20-24 years 2078 163 14.5 14.5 0.9 0.8-1.2 1.0 0.9-1.2
25-29 years 4737  32.8 31.7 33.7 Ref. - Ref. -
30-34 years 4380 279 30.1 31.1 1.0 0.8-1.2 1.0 0.9-1.1
>=35 years 2720 19.1 21.4 18.3 1.1 0.9-1.4 1.2 1.0-1.3
Parity <0.001
1 6165  49.8 38.9 44.1 1.8 1.5-2.2 0.9 0.8-1.0
2-3 6980  39.8 50.8 49.1 Ref. Ref. -
4+ 1116 10.4 10.3 6.9 1.2 0.9-1.6 1.2 1.1-1.4
Previous <0.001
preterm birth
No 13740  86.6 94.1 97.8 Ref. - Ref. -
Yes 521 13.4 5.9 2.2 8.2 6.2-10.7 2.4 2.0-3.0
Maternal <0.001
height
Q1:100-160cm 4365  37.7 34.6 28.8 1.4 1.1-1.7 1.4 1.2-1.6
Q2:161-165cm 4143 259 29.9 29.0 1.0 0.8-1.2 1.2 1.1-1.4
Q3:166-168cm 2440  15.2 15.2 17.9 0.9 0.7-1.2 1.0 0.9-1.2
Q4:169-190cm 3313 21.3 20.4 243 Ref. - Ref. -
Pre-pregnancy 0.307
BMI®
<18.5 1177 129 8.5 7.8 1.7 1.3-2.2 1.1 1.0-1.3
18.5-25.9 9190  59.9 63.6 65.0 Ref. - Ref. -
25-29.9 2472 155 16.6 17.7 0.9 0.7-1.1 0.9 0.8-1.0
>=30 1422 11.7 11.2 9.4 1.2 1.0-1.6 1.1 1.0-1.3
Nationality 0.043
French 12360  84.0 86.3 87.0 Ref. - Ref. -
Other European 470 4.2 33 32 1.2 0.8-1.8 1.0 0.8-1.2
North African 685 49 4.4 4.9 1.1 0.7-1.5 0.8 0.7-1.0
Sub-Saharan 392 4.5 33 2.4 1.8 1.2-2.6 1.3 1.0-1.6
Africa
Other 354 2.5 2.7 2.4 1.0 0.6-1.6 1.1 0.8-1.4
Level of
education®
Low ISCED 0-2 4054 37.5 31.9 26.7 <0.001 1.7 1.3-2.1 1.2 1.1-1.4
Medium ISCED 5883  38.8 40.6 41.7 1.2 1.0-1.5 1.1 1.0-1.2
3-5
High ISCED 6+ 4324  23.7 27.6 31.7 Ref. - Ref. -
Smoking n° <0.001
cigarettes/day
during the 3"
trimester
0 11814  79.1 81.4 83.6 Ref. - Ref. -
1-9 1757 139 12.8 12.1 1.0 0.8-1.3 1.0 0.9-1.2
>=10 690 7.0 5.8 44 1.3 0.9-1.8 1.1 09-14

Note: a. F-test b. Adjusted Relative Risk Ratio c. Body Mass Index: BMI d. ISCED 2011, International Standard
Classification of Education 2011
Ref. indicates the reference category for each variable
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1
2
3 Table 2: Associations between maternal characteristics and risks of spontaneous preterm (<37 weeks)
4 and early term birth (37-38 weeks) using births reaching full term (i.e. 39 weeks and over, N=10269)
5 as the reference in a representative sample of births in France in 2010
6
7 <37 37-38 <37 37-38
8 weeks GA weeks GA weeks GA weeks GA
% %

9 N=405 N=1949  p aRRRS®  95%CI  aRRRs"  95%CI
10 Maternal age
1 <20 years 3.7 2.5 0.002 1.0 0.6-1.8 1.0 0.7-1.4
12 20-24 years 19.1 16.2 1.1 0.8-1.5 1.1 0.9-1.3
13 25-29 years. 34.9 34.4 Ref. - Ref. -
14 30-34 years 24.2 30.1 0.8 0.6-1.0 0.9 0.8-1.0
15 >=35 years 18.1 16.8 1.0 0.7-1.3 0.8 0.7-1.0
16 Parity
17 1 48.4 40.5 0.004 1.6 1.3-2.1 0.9 0.8-1.0
18 2-3 40.8 51.1 Ref. - Ref.

4 10.8 8.3 1.3 0.9-1.9 1.2 1.0-1.4
19 Previous preterm
20 birth
21 No 84.6 94.5 <0.001 Ref. - Ref. -
22 Yes 15.4 5.5 9.3 6.6-13.0 2.4 1.9-3.1
23 Maternal height
24 Q1: 100-160 cm 38.2 33.0 <0.001 1.4 1.1-1.9 1.3 1.1-1.5
25 Q2: 161-165 cm 26.4 30.1 1.0 0.8-1.4 1.2 1.0-1.4
26 Q3:166-168 cm 14.5 15.7 0.9 0.6-1.3 1.0 0.9-1.2
57 Q4:169-190 cm 21.0 21.1 Ref. - Ref. -

Pre-pregnancy
28 BMI®
29 <18.5 15.3 10.4 <0.001 1.9 1.4-2.6 1.3 1.1-1.5
30 18.5-24.9 61.9 67.1 Ref. - Ref. -
31 25-29.9 13.6 14.7 0.8 0.6-1.0 0.8 0.7-0.9
32 >=30 9.3 7.8 0.9 0.6-1.3 0.7 0.6-0.9
33 Nationality
34 French 83.7 87.1 0.6213 Ref. - Ref. -
35 Other Europe 5.4 3.7 1.5 1.0-2.5 1.1 0.8-1.4
36 North African 5.7 3.9 1.2 0.8-2.0 0.8 0.6-1.0
37 Sub-Saharan 3.1 2.5 12 1.0

Africa ’ 0.7-2.3 ’ 0.7-1.4
38 Other 2.1 2.8 0.8 0.4-1.7 1.1 0.8-1.5
39 Level of
40 education®
41 Low ISCED 0-2 37.1 30.4 <0.001 1.4 1.0-1.9 1.1 0.9-1.3
42 Medium ISCED 38.4 39.7 11 10
43 3-5 ) 0.8-1.4 ’ 0.9-1.1
44 High ISCED 6+ 24.5 30.0 Ref. - Ref. -
45 Smoking n°

cigarettes/day
46 during the 3"
47 trimester
48 0 78.0 82.2 <0.001 Ref. - Ref. -
49 1-9 13.5 11.9 1.0 0.7-1.3 0.9 0.8-1.1
50 >=10 8.5 5.9 1.5 1.0-2.2 1.2 0.9-1.5
51 Note: a. F-test b. Adjusted Relative Risk Ratio c. Body Mass Index: BMI d. ISCED 2011, International Standard
52 Classification of Education 2011
53 Ref. indicates the reference category for each variable
54
55
56
57
59
60 For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

" Jooyasaboysnwsel] v11-739 wawipedsq e 6zoz ‘¥T aunr uo jwod fwg uadolway/:diy wouy papeojumoq ‘8T0Z Arenuer ¥z Uo Gy/8T0-2T02-uadolwag/9eTT 0T Se paysiignd 1SJ1) :uac


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Table 3: Associations between maternal characteristics and risks of indicated preterm (<37 weeks) and
early term birth (37-38 weeks) using births reaching full term (i.e. 39 weeks and over, N=10269) as
the reference in a representative sample of births in France in 2010

<37 37-38 <37 37-38
weeks GA %  weeks GA % weeks GA weeks GA

N=374 N=1259 P aRRRs”  95%CI  aRRRs’ 95% CI
Maternal age
<20 years 4.1 1.9 0.0000 1.1 0.6-2.0 0.9 0.6-1.4
20-24 years 13.5 11.9 0.8 0.6-1.1 0.9 0.8-1.2
25-29 years 30.5 27.6 Ref. - Ref. -
30-34 years 31.6 30.1 1.3 1.0-1.7 1.2 1.0-1.4
>=35 years 20.3 28.4 1.4 1.0-1.9 1.8 1.5-2.1
Parity
1 51.5 36.6  0.0000 2.1 1.6-2.7 1.0 0.9-1.2
2-3 38.8 50.3 Ref. - Ref. -
4 9.7 13.2 1.1 0.7-1.6 1.3 1.1-1.6
Previous preterm
birth
Yes 89.0 93.5  0.0000 6.6 4.5-9.7 2.5 1.9-3.3
No 11.0 6.5 Ref. - Ref. -
Maternal height
Q1: 100-160 cm 37.2 36.9  0.0000 1.3 1.0-1.8 1.5 1.3-1.8
Q2: 161-165 cm 25.2 29.3 1.0 0.7-1.3 1.2 1.0-1.5
Q3: 166-168 cm 15.9 14.4 1.0 0.7-1.4 1.0 0.8-1.3
Q4: 169-190 cm 21.6 19.3 Ref. - Ref. -
Pre-pregnancy
BMI*
<18.5 10.4 5.6 0.0000 1.4 1.0-2.1 0.8 0.6-1.1
18.5-24.9 57.7 58.3 Ref. - Ref. -
25-29.9 17.6 19.6 1.0 0.8-1.4 1.1 0.9-1.3
>=30 14.4 16.5 1.6 1.1-2.2 1.7 1.4-2.0
Nationality
French 84.2 84.9  0.0044 Ref. - Ref. -
Other Europe 2.9 2.8 0.8 0.4-1.6 0.8 0.6-1.2
North African 4.1 5.1 0.8 0.5-1.5 0.9 0.7-1.2
Sub-Saharan 5.9 4.6
Africa 2.2 1.4-3.5 1.6 1.2-2.2
Other 2.9 2.6 1.2 0.6-2.2 1.1 0.8-1.6
Level of
education’
Low ISCED 0-2 38.0 342 0.0000 2.0 1.5-2.8 1.5 1.3-1.8
Medium ISCED 3- 39.4 42.0
5 1.4 1.0-1.8 1.3 1.1-1.5
High ISCED 6+ 22.7 23.8 Ref. - Ref. -
Smoking n°
cigarettes/day
during the 3"
trimester
0 80.5 80.3  0.0068 Ref. - Ref. -
1-9 14.1 14.1 1.1 0.8-1.5 1.2 1.0-1.4
>=10 5.4 5.6 1.0 0.6-1.6 1.1 0.9-1.5
Note: a. F-test b. Adjusted Relative Risk Ratio c. Body Mass Index: BMI d. ISCED 2011, International Standard
Classification of Education 2011
Ref. indicates the reference category for each variable
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checklist is best used in conjunction with this article (freely available on the Web sites of PLoS Medicine at http://www. plosmedlcmerﬂrg/gAnnals of Internal Medicine at
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at www.stzobGstatement.org.
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