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ABSTRACT

Objective: Given the high rate of premature birth in French Guiana (13.5%), and its stability in
time, the aim of the present study was to define a predictive score for preterm birth in women
with a unique pregnancy in order to help prioritize health resources in the local context.
Methods: A retrospective study was conducted on all deliveries of unique pregnancies in
French Guiana collected between 1 January 2013 and 31 December 2014 in the Registre d’Issue
de Grossesse Informatisé (RIGI), a registry that collects data on live births over 22 weeks of
amenorrhea on the territory. Statistically significant predictors (p <.05) of preterm delivery were
included in a logistic regression model. The selected variables were chosen to be available dur-
ing the first trimester. Coefficients were used to establish a score which was categorized and
prospectively validated using data from 2015.

Results: Seven explanatory variables, all measurable during the first trimester of pregnancy,
were significantly associated with preterm birth. The predictive score divided in deciles allowed
to establish sensitivity and specificity thresholds. Overall, depending on the chosen threshold
the score sensitivity was low and the specificity was high. Lowering the threshold identified half
of women as “at risk” for preterm birth.

Conclusion: This first trimester score was insufficiently sensitive to identify individual women at
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risk for preterm delivery.

Introduction

Preterm birth is a serious neonatal complication of sin-
gle or multiple pregnancies. Premature newborns have
an increased risk of death, long-term neurological
complications and developmental disorders. Preterm
birth is the first cause of neonatal death and the
second cause of death in children aged <5 years
worldwide [1,2]. The prematurity rate is thus consid-
ered as a major health indicator for a given country.
Preterm birth is defined by birth before 37 com-
pleted weeks of amenorrhea. Every year, there are 15
million preterm births worldwide, with important dif-
ferences regarding the incidence rates [3]. The highest
incidence rates are reported in low-income countries
(12.5%), relative to medium income (8.8%) or high-
income countries (7.5%). It is highest in Southern and
East Africa (17.5-14.3%), in South and Southeast Asia
(11.1-11.4%). In North America, preterm birth rates are

estimated at 10.6%, in Europe 6.2% ranging from 5%
to 10%, in Central America, it is 9.1%, in the Caribbean
6.7%, and in South America 7.9% [3-5]. French Guiana,
a French territory in South America, has the highest
fertility rate in Latin America (3.5%) and also has a
high prematurity rate at 13.5% versus 7% in mainland
France and 7.9% in South America. French Guiana’s
prematurity rates are high and have remained so des-
pite efforts to improve care for pregnant women [6,7].

Multiple maternal factors have been associated
with preterm birth and measures such as cervical
cerclage and/or progesterone have proven to be
effective in some cases. The goal of prognostic stud-
ies is not necessarily to better understand the patho-
physiology of a disease but to use multiple variables
to predict the risk of future outcomes with as much
accuracy as possible. Many prognostic models have
been developed in medicine but few are formally
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validated in new patients, and even fewer are eval-
uated for their impact on decision making and
patient outcome, and therefore, in practice, few mod-
els are actually used.

Given the stagnation of the high prematurity rate in
French Guiana, and the heterogeneity of pregnant
women, we aimed to better predict preterm birth in
order to try to improve prevention. Using data from the
deliveries registry of French Guiana, our aim in the pre-
sent study was to identify the main predictors of pre-
term birth using unambiguous variables that are easily
available during the first trimester of pregnancy. This
aimed to focus health and social resources on women
most at risk of preterm delivery. Hence, the predictors
were routinely available and did not require invasive or
subjective measures, or waiting for laboratory results,
which could lead to follow up interruption. More specif-
ically, given the reported unreliability of predictive
scores between different populations, we aimed to
develop and then prospectively validate a score derived
from the available data in order to formalize decision
making in the specific context of French Guiana.

Materials and methods
Particularities of French Guiana

French Guiana is the largest French overseas territory,
situated between Brazil and Suriname. Although its
area is 83,846 km?, there are only 260,000 inhabitants
mostly along the coastal region, the rest of the terri-
tory being mostly covered by primary Amazonian for-
est [8,9]. In these remote areas, a network of health
centers care for the population. French Guiana has the
highest GDP per capita but also the highest birth rate
in Latin America. The socioeconomic inequalities are
important with nearly 30% of the population being
immigrants. The health system is the French System,
but there are some gaps with mainland France in
terms of infrastructure and health professional density.
French Guiana is facing an epidemiological transition
from the burden of tropical diseases toward chronic
diseases. During the first study period in 2013-2014,
331 pregnancies were multiple and 12,652 were single
pregnancies. In 2015, there were 195 multiple preg-
nancies and 6719 single pregnancies.

Type of study

This multicentric study took place in all maternities of
French Guiana. The RIGI (Registre d'Issue de Grossesse
Informatisé) compiles all births using a centralized
platform at the perinatal health professionals’ regional

network. The information on pregnancies is entered in
a registry at the time of delivery according to the
patient’'s medical and obstetrical history (medical
records and interview).

Variables recorded in the registry

The variables recorded in this registry are as follows:
residence area, place of birth, health insurance coverage,
age, family situation (in a couple or not), profession,
gravidity, parity, scarred uterus, number of previous
cesarean sections, type of pregnancy, number of ultra-
sounds, surveillance mode (gynecologist-obstetrician,
midwife, general practitioner, mother and child care),
the trimester at first visit, prenatal interview, preparation
for birth, crude number of consultations before birth,
anesthesiologist consultation, in utero transfer, serologic
anomalies, alcohol, drugs, and tobacco consumption.
The existence of a cardiopathy, chronic hypertension,
diabetes, sickle cell disease, or obesity is also recorded.
Other pathologies associated with pregnancy are also
reported pregnancy-induced hypertension, preeclamp-
sia, gestational diabetes, a context of preterm labor, pre-
maturely ruptured membranes. Finally, the place of
birth (home, hospital), term of birth, the mode of labor
initiation, and the motive of labor induction if labor was
induced, the duration of membrane rupture, the color
of amniotic fluid, delivery mode (normal vaginal spon-
taneous, vaginal with instrumentation, cesarean section
and motive), obstetrical extraction maneuvers, presenta-
tion, type of delivery, if it was associated with postpar-
tum hemorrhage, lesions perineal lesions, type of
anesthesia if there was any for the mother. The RIGI
mentions sex, weight, height, cranial perimeter, trophic-
ity, Apgar score at 1 and 5 minutes of life, lactate meas-
urement,  resuscitation, = emergency  procedures,
congenital malformations, child outcome (if deceased,
transfer), type of feeding. The history of preterm deliv-
ery, vaginal swab results are not part of the variables
routinely recorded in the RIGI. All viable births occurring
after 22 weeks of amenorrhea were included.

Study variables

From the list of variables that are routinely recorded in
the registry, the study only used variables that could
be obtained at the end of the first trimester: age, place
of birth, residence area, family situation, profession,
health insurance coverage, gravidity, parity, scarred ute-
rus, prenatal interview, and preparation for birth.

The variables profession, place of birth, residence
area were not used because they had many modalities



and were not usable in practice. The variable prepar-
ation for birth was also not retained because it is
often only performed during the second trimester.

Analysis

A descriptive analysis of data from 2013-2014 was
performed and was stratified according to the out-
come: preterm birth or no preterm birth.

Bivariate analysis looked for explanatory variables
that were significantly associated with preterm birth.
We used variables that were easily available during
the first trimester in order to aim for early prediction
of preterm delivery. All significant variables (p <.05)
were then included in a multiple logistic regression
model. Hosmer-Lemeshow’s goodness-of-fit test was
used to assess the fit of the model.

The coefficients from the final model were used to
predict each individual's probability of premature
delivery from the different values of the explanatory
variables of this patient. The score was categorized
(min/first decile, first quartile, median, third quartile
ninth decile, 95% and maximum value) and was then
prospectively validated using the data set from the
RIGI for the year 2015. Predicted probabilities were
calculated from the individual risk score using the for-
mula P=1/(1 + e-risk score). Observed and predicted
preterm births were tabulated. Sensitivity and specifi-
city, predictive values, were calculated for different
values of the score. The performance of the model to
predict preterm births in both datasets was evaluated
using ROC curves. Data analysis was performed using
R and Stata software.

We could not compare our score with other scores
such as the Creasy score or the Nova Scotia score
because some of the variables used in these scoring
systems were not available in the registry.

Regulatory and ethical aspects

The database has been approved since 1992 by the
Commission Nationale Informatique et Libertés, the
French Structure that overseas medical research data
and projects.

Results

The analysis of the 2013-2014 data allowed to identify
the variables associated with preterm delivery. The
logistic model is presented in Table 1. Age <18 years
or >40 years were independently associated with a
greater risk of preterm delivery relative to women
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aged 18-34 years. Single women or women for whom
the information was not available there were inde-
pendently more likely to give birth prematurely rela-
tive to women living in a couple. Women with no
health insurance were at greater risk of preterm deliv-
ery than women with standard health insurance,
whereas those with government insurance for persons
with limited resources had a lower risk of preterm
delivery than women with standard health insurance,
perhaps reflecting the fact that those with standard
health insurance work, which may have affected the
risk of preterm delivery, or the fact that poorer
women attend public structures specialized in mater-
nal care, whereas those who work go to private gen-
eral practice, which may be less specialized.
Multigestity, and multiparity were independently asso-
ciated with preterm delivery relative to primigestous
and primiparous women. A history of scarred uterus
was independently associated with preterm delivery.
Finally, Table 1 shows that the prenatal interview was
associated with a lower risk of preterm delivery.

Prematurity risk score

The risk score values taken by each woman were
obtained by multiplying the beta coefficients estab-
lished using the 2013-2014 model by the observed
values of each variable either in 2013-2014 or in 2015
for the temporal validation study.

Validation of the score with 2015 data

Between 1 January 2015 and 31 December 2015, there
were 6914 live births (after 22 weeks of amenorrhea).
Using the same logistic model gave similar results
(Table 2). Figure 1 shows the similar lack of discrimin-
ation power for ROC curves for the training data set
and the 2015 validation set. Figure 2 shows the evolu-
tion of sensitivity and specificity for different values of
the computed score. Ultimately, a sensitivity of 50%
would require a threshold that would identify half of
the women as at risk for preterm delivery (Figure 3).
Figure 4 shows the quantitative distribution of the
score in women who ultimately delivered prematurely
and those who did not, showing a bell-shaped curve.

Discussion

Scoring systems are often used in obstetrics to choose
the type of delivery, to evaluate the fetus’ or the new-
born’s condition [10-14]. There have also been various
predictive scores in order to identify women at risk for
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Table 1. Sociodemographic and medical factors and their link to premature delivery in French Guiana between
January 2013 and December 2014.

Number (% proportion of premature births) OR [95%Cl] adjusted p value

Age (Years)

<18 123/797 (15.4%) 1.4 [1.1-1.8] .003*

[18-34] 1110/9598 (11.6%) 1

[34-40] 225/1648 (13.7%) 1.1 [0.9-1.3] 4

> 40 95/575 (16.5%) 1.3 [1-1.6] 05%
Family situation

Living in a couple 1087/9516 (11.4%) 1

Single 397/2767 (14.3%) 1.2 [1.1-14] .002*

No information 73/369 (19.8%) 1.7 [1.3-2.2] .0001*
Health coverage

General health insurance 846/7226 (11.7%)

Universal coverage (CMU) 195/1907 (10.2%) 0.8 [0.7-0.9] .006*

State Insurance (« Aide Médicale d’Etat ») 109/1211 (9%) 0.6 [0.5-0.8] .0001*

No Health Insurance 185/1191 (15.5%) 1.2 [1-1.5] 01%

No Information 222/1117 (19.9%) 1.7 [1.4-2] .0001*
Gestity

Primigestity 290/2526 (11.5%) 1

Second gestity 279/2466 (11.3%) 1.4 [1.1-1.7] .008*

Multigestity [3-4] 402/3538 (11.4%) 1.4 [1.1-1.8] 02*

Great multigestity [5-9] 477/3468 (13.8%) 1.6 [1.2-2.2] .003*

Gestity >9 109/654 (16.7%) 2 [1.3-3.1] .001*
Parity

Primiparity 436/3585 (12.2%) 1

Second parity 288/2827 (10.2%) 0.7 [0.5-0.8] .001%*

Multiparity Parity [3-4] 418/3386 (12.3%) 0.8 [0.6-1] 04*

Parity [5-9] 370/2581 (14.3%) 0.8 [0.6-1.2] R

Parity >9 45/273 (16.5%) 0.7 [0.4-1.2] 2
Scarred uterus

Yes 255/1610 (15.8%) 1

No 1302/11042 (11.8%) 0.7 [0.6-0.8] .0001*
Prenatal interview

Yes 18/423 (4.3%) 0.3 [0.2-0.5] .0001*

No 1539/12229 (12.6%) 1

The (*) sign marks statistical significance for alpha = 5%.

Table 2. The sensitivity specificity and proportion correctly classified by the prematurity score used on the 2013-2014

training data set, and the 2015 external validation set.

Cumulated
Predicted Observed observed
Correctly preterm preterm preterm

Risk score Sensitivity (%) Specificity (%) classified (%) VPP (%) VPN (%) delivery (%) delivery (%) delivery (%)
2013-2014

1 (Min) 100.00 0.00 1231 5.0 104 9.8 6.3 (78/1232) 6.3

2 (10°™ p) 94.98 1043 20.84 16.2 223 21.6 9.2 (251/2723) 15.5

3 (25°™ p) 78.82 32.77 38.44 14.7 17.7 17.3 10.4 (228/2188) 259

4 (Médiane) 64.13 50.49 52.17 27.6 26.1 26.3 12.9 (428/3316) 38.8

5 (75?me p) 36.57 76.59 71.67 18.7 14.5 15 15.3 (290/1897) 54.1

6 (90°™ p) 17.90 91.12 82.10 8.3 45 49 20.5 (129/630) 74.6

7 (95°™€ p) 9.59 95.64 85.05 9.6 43 5 23.6 (149/631) 98.2

8 (Max) 0.00 100.00 87.69
2015

1 (Min) 100.00 0.00 11.45 8.3 103 52 9.4 (64/678) 9.4

2 (10ieme p) 91.67 10.34 19.65 12.2 149 10.1 9.6 (94/978) 19

3 (25°™ p) 79.43 2522 31.43 21.6 26.1 14.6 9.7 (166/1714) 28.7

4 (Médiane) 57.81 51.28 52.03 243 244 25.6 11.4 (187/1637) 40.1

5 (75\Eme p) 33.46 75.69 70.86 21.5 14.6 244 16.01 (165/1030) 56.1

6 (90ieme p) 11.98 90.25 81.29 8.9 43 154 21.3 (69/324) 774

7 (95°™ p) 2.99 94.55 84.06 2.9 5.5 8 6.6 (23/347) 84

8 (Max) 0.00 100.00 88.55

preterm delivery [15]. The Creasy scoring system was score in homogenous, often underprivileged, popula-
developed in New Zealand with a sensitivity ranging  tions showed little predictive interest suggesting the
from 18.2% to 62.2% and a positive predictive value poor portability of this score to different populations
ranging from 16% to 38.2%. But the use of the Creasy = from the population used to establish the score. This
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Figure 1. ROC curve for the logistic regression model using 2013-2014 data. ROC curve for the logistic regression model using

2015 data.
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Figure 2. Evolution of sensitivity and specificity for different
values of the computed score used on the 2013-2014 training
data set, and the 2015 external validation set.

score in fact seemed to distinguish between at risk
socioeconomic classes in New Zealand rather than
between the predictive values of the variables them-
selves beyond New Zealand [16]. For this reason, in
North America, another score was used, the Nova
Scotia score, which had a sensitivity of 30.8% and a
positive predictive positive value of 14.4%. More
recent studies, looked at more complex predictors
(serum pregnancy-associated plasma protein-A, free
p-human chorionic gonadotrophin (-hCG) and uterine
artery pulsatility index) and maternal characteristics,
which allowed identifying up to 38.2% of very preterm
deliveries in women with previous pregnancies, and
18.4% in those without a previous pregnancy [17].

Another cohort using simple maternal variables was
able to identify 23.3% percent of premature deliveries.
A model combining maternal data and cervical length
in the first trimester (11-13 weeks) was able to predict
54.8% of very preterm deliveries (< 34 weeks of gesta-
tion (WG)). The different studies attempting to
develop new scoring systems suggest that all these
scoring systems are disappointing and difficult to
transpose in different populations. Scores are thus
often not externally validated and impact studies look-
ing at interventions in clinical practice are lacking.

Our scoring system relied on noninvasive, low-tech
variables that are available as soon as the pregnancy
is known. Our aim was to identify women with no
known risk factor for an increased risk of preterm
birth; therefore, we excluded multiple pregnancies, a
known risk factor preterm birth from the analysis.
These variables are also immediately available; the
women do not need to wait for biological results, or
appointments, which in our territory is important
given irregular follow-up. The sensitivity of the logistic
model was very low, which implied that most women
who eventually had preterm delivery were not identi-
fied. Depending on the threshold chosen, the categor-
ical score was able to correctly identify over 50% of
the preterm (37WG) deliveries. Our model's ¢ index
was 0.64, which is not a very high discrimina-
tive capacity.
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Figure 3. Predicted probability of preterm delivery using a logistic model with preterm delivery as outcome variable and the risk
score as explanatory variable (indicator variables with 1 as reference) used on the 2013-2014 training data set, and the 2015

external validation set.
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However, when trying to increase sensitivity, the spe-
cificity of the model and of the related score dropped,
leading to labeling nearly half of the population as “at
risk” for preterm birth. Given the relative disappointing
impact of specific medical interventions to prevent pre-
term birth, and their potential adverse effects, such a
score could put women at risk for excessive interven-
tionism with methods without proven benefits. This lack
of sensitivity drastically compromises the usefulness of
such a score in practice for individual patients. The very
low sensitivity observed is consistent with the debates
emphasizing that the different risk factors for preterm
birth are widespread in the community and that the
risk scores follow a bell curve distribution, where most
women fall in the intermediate risk range. The plot of
our predicted probabilities showed exactly this. This
suggests that interventions should be community-wide
rather than individual based. There are two reasons for
this: the concentration of resources on women with the
highest risk only identifies a minority of the preterm
births and given the poor efficacy of interventions to
prevent preterm birth, it is not very likely to significantly
reduce preterm birth; actually helping most women
with intermediate risks with simple social interventions
may actually yield a greater reduction in the number of
preterm births as observed in French cohorts following
the laws on maternity leave.

There have been past debates between schools of
thought refusing the fatality of preterm birth, comput-
ing risk scores leading to increased interventionism
with unproven and nonharmless methods, and schools
emphasizing that risk is bell shaped, multifactorial and
incompletely understood; risk is thus hard to evaluate
for individual patients, and interventions have adverse
effects and limited efficacy [18].

However, beyond individual women, what has
shown a positive impact is social interventions aiming
to improve the social conditions of pregnancy in the
most vulnerable social groups, a situation that is very
frequent present in French Guiana, where the new-
borns of immigrant and uninsured mothers end up in
pediatric ICU much more frequently than other groups.
Single mothers, teenagers, women without health insur-
ance, situations that are frequent in French Guiana,
were here at greater risk of preterm delivery. These
groups could be bridged with the help of local NGOs
and health mediators working with these communities.

Conclusion

Our objective was first to identify a score focused on
the population of French Guiana, which still has a
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high preterm delivery rate. A score was computed to
try to identify women at risk for preterm delivery at
the end of the first trimester. The score’s performance
was stable in a prospective temporal validation study.
However, the low sensitivity limits its usefulness for
individual pregnant women. At best, the prediction
score could correctly identify 55% of preterm births
during the first trimester but with a marked reduction
in specificity. The limited efficacy of individual inter-
ventions aiming to prevent preterm birth combined
with the low sensitivity of the score are another illus-
tration of the elusive goal of a magic bullet like score
that would allow to drastically reduce preterm birth.
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Availability of data and materials
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