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Abstract

Background Evaluating social vulnerability is a challenging task. Indeed, former studies demonstrated an association
between geographical social deprivation indicators, administrative indicators, and poor pregnancy outcomes.

Objective To evaluate the association between social vulnerability profiles, prenatal care use (PCU) and poor
pregnancy outcomes (Preterm birth (PTB: <37 gestational weeks (GW)), small for gestational age (SGA), stillbirth,
medical abortion, and late miscarriage).

Methods Retrospective single center study between January 2020 and December 2021. A total of 7643 women who
delivered a singleton after 14 GW in a tertiary care maternity unit were included. Multiple component analysis (MCA)
was used to assess the associations between the following social vulnerabilities: social isolation, poor or insecure
housing conditions, not work-related household income, absence of standard health insurance, recent immigration,
linguistic barrier, history of violence, severe dependency, psychologic vulnerability, addictions, and psychiatric disease.
Hierarchical clustering on principal component (HCPC) from the MCA was used to classify patients into similar social
vulnerability profiles. Associations between social vulnerability profiles and poor pregnancy outcomes were tested
using multiple logistic regression or Poisson regression when appropriate.

Results The HCPC analysis revealed 5 different social vulnerability profiles. Profile 1 included the lowest rates of
vulnerability and was used as a reference. After adjustment for maternal characteristics and medical factors, profiles
2 to 5 were independently associated with inadequate PCU (highest risk for profile 5, aOR=3.14, 95%Cl[2.33-4.18]),
PTB (highest risk for profile 2, aOR=4.64, 95%Cl[3.80-5.66]) and SGA status (highest risk for profile 5,aOR=1.60,
95%CI[1.20-2.10])). Profile 2 was the only profile associated with late miscarriage (adjusted incidence rate ratio
(alRR)=7.39, 95%Cl[4.17-13.19]). Profiles 2 and 4 were independently associated with stillbirth (highest association
for profile 2 (alRR=10.9, 95%CI[6.11-19.99]) and medical abortion (highest association for profile 2 (alRR=12.65,
95%CI[5.96-28.49)).
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Conclusions This study unveiled 5 clinically relevant social vulnerability profiles with different risk levels of
inadequate PCU and poor pregnancy outcomes. A personalized patient management according to their profile could
offer better pregnancy management and reduce adverse outcomes.

Keywords Social vulnerability, Social deprivation, Neonatal outcomes, Neonatal morbidity, SGA, Small for gestational

age, Pregnancy outcomes, Premature birth

Background

Defining and measuring social vulnerability is a challeng-
ing task. Since the 80s, several studies have reported an
association between social deprivation and poor preg-
nancy outcomes [1]. Indeed, socially deprived women
present a higher risk of preterm birth (PTB) [2-7], an
increased rate of small for gestational age (SGA) newborn
[8] and stillbirth [8, 9]. In order to characterize social vul-
nerability, several studies aimed at defining deprivation
scores to understand le link between social vulnerabili-
ties and poor pregnancy outcomes. These scores were
mainly based on administrative [10-12] or localization
[3, 6, 8, 13, 14] indicators, patient level social vulnerabili-
ties being rarely explored. Even if administrative scores
have been validated and are easy to use [11, 12], they do
not explain completely the gradients observed regarding
adverse pregnancy outcomes and maternal origin or cul-
tural factors [6, 9, 15]. Indeed, part of the observed dif-
ferences could be explained by other stress factors such
as interpersonal violence, recent immigration, psycho-
logical distress, linguistic barriers, and addictions. Recent
studies reported that socially deprived women, based
on administrative scores do not use properly prenatal
care and that the differences in term of inadequate pre-
natal care use (PCU) could explain the increase in poor
pregnancy outcomes [10, 16]. Even if reducing social
vulnerabilities on administrative indicators is seducing
and convenient, it remains unclear that other vulnerabili-
ties apart from housing condition or health care insur-
ance status also impact PCU and pregnancy outcomes.
Therefore, in the present study, social vulnerability was
defined by any stress factor that could negatively influ-
ence patient health literacy, pregnancy follow-up, and the
detection or the management of pregnancy diseases. The
aim of this study was to characterize social vulnerabil-
ity profiles from a thorough collection of social vulner-
abilities and assess the association between the different
profiles PCU and poor pregnancy outcomes (PTB, SGA,
stillbirth, medical abortion, and late miscarriage).

Materials and methods

Study population

The aim of the study was to provide an accurate esti-
mation of social vulnerability profiles in the population
covered by the maternity unit at study and their indepen-
dent association with poor pregnancy outcomes. There-
fore, we chose to include all the women with singleton

pregnancy that could present the outcomes of interest.
Twin pregnancies were excluded because they are known
to be inherently associated with poor pregnancy out-
comes, which would have biased the weight of the vul-
nerability profile in which they were mostly included.

Using birth records, a total of 7831 patients that deliv-
ered after 14 weeks of gestation between January 2020
and December 2021 in a single tertiary care maternity
unit (CHI-Montreuil), were identified. After the exclu-
sion of 188 twin pregnancies, 7643 patients with sin-
gleton pregnancies that delivered after 14 GW were
included for analysis.

Collected data
Data collection from patient’s informatized folder has
already been described [17].

Social vulnerabilities were defined as follow: social iso-
lation (absence of partner), Poor or insecure housing con-
dition (no rented nor owned housing), no work-related
household income (the woman’s household income came
from public assistance, relatives, friends, or a charity), No
permanent health care insurance (Couverture Maladie
Universelle, CMU) or illegal status (Aide Médicale d’Etat,
AME)), recent immigration (<12 month), linguistic bar-
rier, history of violence (interpersonal violence during
pregnancy), severe dependency (with handicap or minor
patient), addiction (Tobacco, alcohol, cannabis, cocaine
derived drug and morphine derive drug use during preg-
nancy), psychological distress (pregnancy related anxiety,
depressive symptoms or patient request for a psycholo-
gist follow-up) and psychiatric disease (major depressive
disorder, bipolar disorder, post-traumatic stress disorder,
Schizophrenia).

Inadequate prenatal care use (PCU) was defined as fol-
low [10] : pregnancy follow up began after 12 weeks of
gestation, or if it included less than 50% of the number
of prenatal visits expected according to duration of preg-
nancy, or if the first-trimester ultrasound examination or
both the second- and third- trimester examinations were
missing.

SGA status was defined by a birthweight<to the 10th
percentile according to the WHO fetal growth charts
[18]. High medical risk level before pregnancy was
defined as the presence of one or more of: history of car-
diac disease, hypertension, diabetes, venous thrombosis,
pulmonary embolism, Graves’ disease, asthma, homozy-
gous sickle cell anemia, thrombocytopenia, coagulation



Crequit et al. BMC Pregnancy and Childbirth (2023) 23:465

disorder, a rare or systemic disease, nephropathy, HIV
infection, psychiatric disease. High obstetrical risk level
before pregnancy was defined by a history of one or more
of the following: pre-eclampsia, fetal growth restriction,
PTB, fetal death or neonatal death. Pregnancy compli-
cation was defined as the occurrence of one or more of
the following complications: gestational diabetes, pre-
eclampsia, fetal growth restriction, proteinuria, throm-
bopenia, threatened preterm labor, preterm premature
rupture of membranes (PPROM), deep vein thrombosis
and cholestasis of pregnancy.

Statistical analysis

Maternal, pregnancy, labor, delivery, and neonatal char-
acteristics were compared using Chi [2] or Fisher exact
tests for categorical variables and Student’s or Wilcoxon
rank sum tests for quantitative variables, as appropri-
ate. All tests were two-sided with p-values<0.05 defined
as statistically significant. Multiple component analysis
(MCA) was run on the 11 vulnerabilities aforementioned
[19]. MCA allows to reduce the dimensions in interpret-
ing the variability explained in a dataset by combining
variables that are associated together into factorial axis
(linear weighted combination of the variables included in
the analysis) [11, 20]. The factorials axis being orthogonal
it allows to avoid multicollinearity in regression analy-
sis. The analysis of the MCA graphs did not detect any
outlier within the population. The analysis of inertia sug-
gested to restrict the analysis to the three first factorial
axis that accounted for 47% of the total inertia. The three
factorial axes were named according to their clinical rel-
evance. To assess the association of a one-point increase
in each index with poor pregnancy outcomes, multiple
logistic regression models were run including the three
indexes together as continuous variables.

In order to characterize social vulnerability pro-
files, Hierarchical Clustering on Principal Component
(HCPC) was performed from the MCA analysis, using
Ward’s method consolidated by k-means to merge similar
patients into clusters [21]. The optimal number of clus-
ters was determined by maximizing the ratio of between
cluster inertia over the inertia increase of adding a cluster
[19, 22]. This analysis resulted in five clusters that repre-
sented five distinct social vulnerability profiles.

The independent association between inadequate PCU,
premature birth (<37 GW), SGA status, and the social
vulnerability profiles were tested using multiple logis-
tic regression. Because stillbirth, late miscarriage and
medical abortion were rare events within the profiles,
the incidence rate ratio (IRR) were calculated using mul-
tiple Poisson regression. Adjustment was performed on
maternal age, maternal origin, parity, BMI, high medi-
cal risk level before pregnancy and high obstetrical risk
level before pregnancy. No multicollinearity was detected
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using variance inflation factor. Visual inspection of
residual plots did not reveal any obvious deviations from
homoscedasticity or normality. Factominer package [20]
was used to perform MCA and HCPC analyses. R soft-
ware (R Development Core Team (2008), version 4.2.0)
was used for all analyses.

Results

Among the 7643 patients included in the study (Table 1),
353 (4.6%) presented recent immigration, 2521 (33.0%)
received not work-related household income, 2037
(26.7%) did not benefit from permanent health care insur-
ance, 1128 (14.8%) had poor or insecure housing condi-
tions, 546 (7.1%) had a history of interpersonal violence
during pregnancy, 1279 (16.7%) were socially isolated,
1047 (13.7%) presented psychological distress, 492 (6.4%)
had a linguistic barrier, 230 (3.0%) presented a severe
dependency, 1315 (17.2%) presented addiction during
pregnancy, and 236 (3.1%) had a psychiatric disease. The
MCA results are summarized in Table 1. The variability
regarding social vulnerabilities was well explained by the
three first factorial axes. The first factorial axis accounted
for 23.66% of the total inertia. It opposed patients pre-
senting administrative vulnerabilities (recent immigra-
tion, not work-related household income, no permanent
healthcare insurance, poor or insecure housing condi-
tions), history of violence, social isolation and psycho-
logic follow-up to the patient that didn’t present these
vulnerabilities. It was therefore named the administra-
tive social vulnerability index (AVI). The second axis pre-
sented an inertia of 12.91%. It contrasted patients that
presented psychological distress, that had a psychiatric
disease, that had a history of violence and addiction dur-
ing pregnancy, received work related household income,
were insured, that had proper housing conditions and
didn’t present linguistic barrier. It was named the psycho-
logical vulnerability index (PVI). The third factorial axis
presented an inertia of 10.38%. It contrasted patients that
presented severe dependency, having poor or insecure
housing conditions, being socially isolated, that didn’t
present recent immigration, history of violence, psy-
chiatric disease nor linguistic barrier. It was named the
dependency vulnerability index (DVI). Description of the
population according to their score on the three indexes
are presented in additional Tables 1, 2 and 3. Associa-
tions between the vulnerability axes and poor pregnancy
outcomes are presented in additional Table 4.

The HCPC analysis revealed 5 different social vulner-
ability profiles (Table 2). Profile 1 included mainly Cau-
casian women with low rates of social vulnerabilities.
Profile 2 was also characterized by mainly Caucasian
women with high rates of psychological distress, inter-
personal violence, psychiatric disease, and addictions
whereas administrative vulnerability indicators rates
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Table 1 Description of the three factorial axes of the multiple correspondence analysis (MCA)

Vulnerability Category N (%) Weights of category'
Factorial axis 1 Factorial axis 2 Factorial axis 3
Recent immigration Immigration < 12 month 353 (4.6) 2.81 -0.55 -1.7
No recent immigration -0.14 0.03 0.08
Household income Not work-related household income 2521 (33.0) 1 -0.46 0.17
Work-related household income -049 0.23 -0.08
Social insurance No permanent health care insurance 2037 (26.7) 1.07 -0.61 -0.11
Being insured -0.39 0.22 0.04
Housing condition Poor or insecure housing condition 1128 (14.8) 143 -0.36 0.88
Living in personal housing -0.25 0.06 -0.15
History of violence Interpersonal violence during pregnancy 546 (7.1) 1.89 1.23 -1.39
No history of violence during pregnancy -0.15 -0.09 0.11
Social isolation Not living with a partner 1279 (16.7) 1.13 0.33 0.8
Living with a partner -0.23 -0.07 -0.16
Psychological distress? Psychological distress during pregnancy 1047 (13.7) 1.08 1.56 -0.23
No psychological distress during pregnancy -0.17 -0.25 0.04
Linguistic barrier Linguistic barrier during pregnancy 492 (6.4) 1.02 -1.62 -0.93
No linguistic barrier during pregnancy -0.07 0.11 0.06
Severe dependency Minor or with handicap patient 230(3.0) 143 0.86 3.56
Major patient without handicap -0.04 -0.03 -0.11
Addiction? Addiction during pregnancy 1315(17.2) 0.18 0.87 0.49
No history of addiction during pregnancy -0.04 -0.18 -0.1
Psychiatric disease® Psychiatric disease during pregnancy 236 (3.1) 1.73 2.81 -1.39
No psychiatric disease during pregnancy -0.06 -0.09 0.04

"The weights correspond to the category coordinates on the axes. Categories contributing to the axis are in bold

’Defined by pregnancy related anxiety, depressive symptoms or patient request for a psychologist follow-up

3Tobacco, alcohol, cannabis, cocaine derived drug or morphine derive drug use during pregnancy

“Major depressive disorder, bipolar disorder, post-traumatic stress disorder, Schizophrenia

were low. Profile 3 included mainly Caucasian women
with high administrative vulnerability indicators that
presented a linguistic barrier and low rates of psycho-
logic vulnerability indicators. Profile 4 was character-
ized primarily by a Sub-saharian population with high
prevalence of administrative, dependency and psycho-
logical vulnerability indicators. Finally, profile 5 included
mainly a Sub-Saharan population with recent migration
status and presented the highest rates of administrative
vulnerability indicators and interpersonal violence while
the rate of psychologic vulnerability indicators within the
group was also high. Compared to women included in
profile 1, profile’s 2 patients were older, whereas patients
included in profile 3 to 5 were younger. Regarding medi-
cal factors, high medical and obstetrical risk level before
pregnancy were more prevalent in profile 2 and 5. Profile
5 also presented the highest rate of pregnancy complica-
tions. Inadequate PCU rates increased from profile 1 to
profile 5. Profiles 2 to 5 presented higher rates of PTB
and small for gestational age neonates compared to pro-
file 1. Late miscarriage and stillbirth were more frequent
in profile 2 and 4. Profile 2 to 5 presented higher rates of
medical abortion compared to profile 1.

After adjustment for maternal characteristics and med-
ical factors, each profile was independently associated

with inadequate PCU (Profile 1 as a reference, Table 3),
with highest risk for profile 5 (aOR=3.14, 95%CI[2.33—
4.18]). Profiles 2 to 5 were also independently associated
with PTB (highest association for profile 2 (aOR=4.64,
95%CI[3.80-5.66])). The latter, were also independently
associated with SGA status and the strongest associa-
tion was for profile 5 (aOR=1.60, 95%CI[1.20-2.10]).
Profile 2 was the only profile associated with late mis-
carriage (adjusted incidence rate ratio (alRR)=7.39,
95%CI[4.17-13.19]). Profiles 2 and 4 were independently
associated with stillbirth (highest association for profile
2 (aIRR=10.9, 95%CI[6.11-19.99])) and medical abor-
tion (strongest association for profile 2 (alRR=12.65,
95%CI[5.96-28.49])).

Discussion

This work gives new insight on social vulnerability pro-
files and their association to prenatal care use and preg-
nancy outcomes. The three vulnerability axes defined by
MCA analysis allow a better understanding of the asso-
ciations between social vulnerabilities and contrasted
relevant associations. The HCPC analysis identified 5 dis-
tinct clinically relevant profiles with different risk level of
adverse pregnancy outcomes.
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Table 2 Maternal characteristics and pregnancy outcomes according to social vulnerability profiles

Profile 1 Profile 2 Profile 3 Profile 4 Profile 5 p
N=4651 N=773 N=1597 N=329 N=293
Maternal Characteristics
Maternal age (median [IQR]) 31.49[28.03,35.10] 32.27[28.05,36.22] 29.70[25.47,34.33] 26.98[20.99,32.58] 29.76 [25.35,34.62] <0.001
BMI (median [IQR]) 24.98[22.27,28.70] 25.16[22.59,29.34] 2524 [22.58,28.65] 24.44[22.22,28.16] 25.08[23.63,28.71] 0.257
Parity (median [IQR]) 1.00 [0.00, 2.00] 1.00 [0.00, 2.00] 1.00 [0.00, 2.00] 1.00 [0.00, 2.00] 1.00[0.00, 2.00] <0.001
Maternal origin n (%) <0.001
Sub-Saharan Africa 1617 (34.8) 255(33.0) 626 (39.2) 150 (45.6) 167 ( 57.0)
Asia 572 (12.3) 111 (14.4) 187 (11.7) 39(11.9 3(7.8)
Caucasian 2462 (52.9) 407 (52.7) 784 (49.1) 140 (42.6) 103 ( 35.2)
High medical risk level before 387(8.3) 196 (25.4) 139(8.7) 41(12.5) 84 (28.7) <0.001
pregnancy' n (%)
High obstetrical risk level before 1180(25.4) 269 (34.8) 412(25.8) 79 (24.0) 74 (253) <0.001
pregnancy? n (%)
Inadequate PCU? n (%) 387(83) 85(11.0) 300(18.8) 76 (23.1) 75 (25.6) <0.001
Unwanted pregnancy n (%) 14(0.3) 15(2.1) 5(03) 13(4.0) 9(3.1) <0.001
Social vulnerabilities
Immigration <12 month n (%) 0(0.0) 0(0.0) 145 (9.1) 6(1.8) 202 (68.9) <0.001
Not work-related household income 452 (9.7) 148 (19.1) 1409 (88.2) 231(70.2) 281(95.9) <0.001
n (%)
No permanent health care insurance 343 (7.4) 84(10.9) 1183 (74.1) 154 (46.8) 273(93.2) <0.001
n (%)
Poor or insecure housing condition 57(1.2) 51(6.6) 703 (44.0) 187 (56.8) 130 (44.4) <0.001
n (%)
Not living with a partner n (%) 308 (6.6) 137 (17.7) 460( 8) 205 (62.3) 169 (57.7) <0.001
Psychological distress* n (%) 7(0.2) 606 (784) 60 (3.8) 154 ( 46.8) 220 (75.1) <0.001
Psychiatric disease® n (%) 0(0.0) 138(17.9) 0(0.0) 1(33) 87(29.7) <0.001
Addiction® n (%) 712 (15.3) 233 (30.1) 173 (10.8) 144(438) 53(18.1) <0.001
Severe dependency n (%) 0(0.0 3(04) 4(0.3) 9(66.6) 4(14) <0.001
Linguistic barrier n (%) 94 (2.0) 4(0.5) 328(20 5) 9(2.7) 57 (19.5) <0.001
History of violence n (%) 0(0.0) 230(29.8) 3.4) 26(79) 235(80.2) <0.001
Pregnancy outcomes
Pregnancy complications7 n (%) 2686 (57.8) 548 (70.9) 1055 (66.1) 207 (62.9) 197 (67.2) <0.001
Premature birth (<37 weeks) n (%) 317 (6.8) 216 (27.9) 146 (9.1) 48 (14.6) 33(11.3) <0.001
SGA® n (%) 838 (18.0) 192 (24.8) 322(20.2) 81(24.6) 77 (26.3) <0.001
Pregnancy outcome n (%)
Neonatal death 0(0.0 0(0.0) 1(0.1) 0(0.0) 1(0.3) NA
Late miscarriage 23(0.5) 26 (34) 7(04) 3(09) 0(0.0) <0.001
Medical abortion 10(0.2) 20(26) 6(04) 3(0.9) 2(0.7) <0.001
Stillbirth 18 (0.4) 33(43) 12(0.8) 5(1.5) 1(03) <0.001

'defined as the presence of one or more of: history of cardiac disease, hypertension, diabetes, venous thrombosis, pulmonary embolism, Graves’ disease, asthma,
homozygous sickle cell anemia, thrombocytopenia, coagulation disorder, a rare or systemic disease, nephropathy, HIV infection

2defined by a history of one or more of the following: pre-eclampsia, fetal growth restriction, preterm delivery, fetal or neonatal death

3pregnancy follow-up began after 12 weeks of gestation, or if it included less than 50% of the number of prenatal visits expected according to duration of pregnancy,
or if the first-trimester ultrasound examination or both the second- and third- trimester examinations were missing

“Defined by pregnancy related anxiety, depressive symptoms, or patient request for a psychologist follow-up
>Major depressive disorder, bipolar disorder, post-traumatic stress disorder, Schizophrenia

5Tobacco, alcohol, cannabis, cocaine derived drug and morphine derive drug use during pregnancy “defined as the occurrence of one or more of the following
complications: gestational diabetes, pre-eclampsia, fetal growth restriction, proteinuria, thrombopenia, threatened preterm labor, premature rupture of membranes
(PROM), deep vein thrombosis and cholestasis of pregnancy

8Small for gestational was defined by a birthweight<to the 10th percentile according to the WHO fetal growth charts

To our knowledge, this study is the first to gather such  social vulnerability profiles that was never reached
a large sample of patient-based data. Therefore, authen-  before. Another striking issue is the clinical relevance of
tic associations between social vulnerabilities were dis-  the produced profiles for the clinician in the maternity
covered and produced a degree of precision regarding unit at study. Indeed, profile 5 is highly representative of



Crequit et al. BMC Pregnancy and Childbirth (2023) 23:465

Table 3 Association between social vulnerability profiles and
poOr pregnancy outcomes

Inadequate prenatal care use

OR aOR
Profile 1 ref ref
Profile 2 6[1.06-1.74]* 1.37[1.06-1.76]*
Profile 3 2.55[2.16-3. OO]*** 2.36 [2.00-2.78]***
Profile 4 3.31 [2.50-4.35]*** 2.94 [2.20-3.89]***
Profile 5 379 [2.84-5.0171*** 3.14 [2.33-4.18]***
Premature birth (< 37 weeks)
OR aOR
Profile 1 ref ref
Profile 2 5.30[4.36— 643]*** 4.64 [3.80-5.66]***
Profile 3 8[1.1 69]** 144 1.17-1.77]**
Profile 4 2.34[1.67-3. 21]*** 2.54[1.80-3.52]***
Profile 5 1.74 [1.17-2.501** 1.67 [1.12-2.44]**
Small for gestational age!!"’
OR aOR
Profile 1 ref ref
Profile 2 1.50 [1.25-1.80]*** 147 [1.22-1.76]***
Profile 3 [O .33] 1.17 [1.01-1.35]*
Profile 4 9.1 92]** 1.44[1.10-1.88]**
Profile 5 1.62 [1 23-2. 12]*** 1.60 [1.20-2.10]**
Stillbirth
IRR alRR
Profile 1 ref ref
Profile 2 0[6.29-19.99]*** 10.9 [6.11-19.99]***
Profile 3 4[0.91-3.99] 1.88 [0.88-3.89]
Profile 4 3.93[1.30-9.84]** 3.98[1.30-10.12]**
Profile 5 0.88 [0.05-4.27] 0.82[0.05-4.03]
Late miscarriage
IRR alRR
Profile 1 ref ref
Profile 2 6.80 [3.88-12.00]*** 7.39[4.17-13.19]***
Profile 3 0.89 [0.35-1.96] 0.90 [0.36-2.01]
Profile 4 4 [0.44-5. 30] 91 [0.45-5.62]
Profile 5 0.00 [0.00-0.00] 0.00 [0.00-0.00]
Medical abortion
IRR alRR
Profile 1 ref ref
Profile 2 12.03 [5.76-26.81]*** 12.65 [5.96-28.49]***
Profile 3 1.75[0.59-4.71] 1.99 [0.68-5.38]
Profile 4 4.24[1.05-13.86]* 5.78[1.28-19.191**
Profile 5 3.17[049-12.04] 3.89[0.59-15.10]

'Small for gestational was defined by a birthweight<to the 10th percentile
according to the WHO fetal growth charts

OR: Odd ratio

aOR: Adjusted OR, adjustment on maternal age, parity, BMI, high medical risk
level before pregnancy and high obstetrical risk level before pregnancy

IRR: Incidence rate ratio

alRR : Adjusted IRR,, adjustment on maternal age, maternal origin, parity, BMI,
high medical risk level before pregnancy and high obstetrical risk level before
pregnancy

*p<0.05, **p<0.01,***p<0.001
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refugee women whereas profile 3 is more representative
of stable migrants or native women low socio-economic
status (SES). Profile 4 is representative of women with
handicap and profile 2 represents women with high SES
that presents high degrees of psychological distress and
addictions.

Our finding regarding the association between profile
5 (refugee women) and PTB is consistent with a system-
atic review that demonstrated that PTB was the most
frequent adverse pregnancy outcome in this popula-
tion [23]. A recent study carried out in both Belgium
and Canada studied the association between PTB, low
SES and immigration status [24]. The authors demon-
strated that low SES was associated with PTB, but there
were differences between the two countries at study
regarding this association and immigration status. The
result is consistent with our findings as profile 3 and 5
were associated with PTB. Yet, this difference regarding
immigration status was attributed to health inequalities
between these countries. We show that profile 5 patients
(refugee women) presented additional psychological vul-
nerabilities and violence compared to profile 3 patients
(stable migrants or native women with administrative
vulnerability). Part of the differences they found might
be explained by distinct proportions of these two vul-
nerability profiles that were not explored. Similarly, two
recent studies from the US demonstrated strong associa-
tions between social vulnerability indices and PTB [25,
26]. Both indices were based on geographical indicators
of social vulnerability that blended several dimensions
of social vulnerability together. Our approach gives fur-
ther insight to these results as the associations we found
comes from authentic patient level. Indeed, we show that
profile 2 patients (high SES and psychological vulnerabil-
ities) present a higher risk of PTB compared to profile 5
patients (refugee women) whereas these latter present a
higher risk of SGA newborns.

The fact that these relevant profiles are at risk of differ-
ent adverse pregnancy outcomes emphasizes that social
vulnerability cannot be reduced to administrative factors
only and that prevention measures should be adapted to
the patient’s profile.

Clinical implications

This study confirms the strong association between inad-
equate PCU and administrative vulnerability indicators
that was found in previous works [10, 16]. Profiles 2 to
5 presented increasing degrees of administrative vul-
nerability that was parallel to the increase of inadequate
PCU. Yet, our results challenge the hypothesis that PCU
improvement would be the only answer to improve
pregnancy outcomes. Indeed, profiles 2 and 4 presented
lower degrees of inadequate PCU compared to profile 5.
Yet, they presented higher risks for adverse outcomes.
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A recent analysis has shown that only 64% of French
maternity unit offers prenatal interviews to detect mater-
nal social vulnerability with limited access for deprived
women [27]. This point accentuates that efforts must be
made in the detection of patients’ vulnerability profiles
to implement measures adapted to the actual risks. For
instance, caseload midwifery has proven to have a posi-
tive effect on preterm birth for patients that presented
the lowest quintiles of SES in London. Finally, a novel
approach of personalized follow-up according to the
patients social vulnerabilities had a similar effect [17].

Strength and limitations

The main strength of this work comes from its large sam-
ple size and a reliable and complete data collection on
maternal social vulnerabilities from the patient’s comput-
erized medical folder whose content was checked in staff
after each delivery. To our knowledge, this study was the
first to produce social vulnerability profiles from such a
large panel of different patient level social vulnerabilities.
Thorough access to medical data allowed to adjust on
medical and demographic confusion factors in multiple
regression modelling.

However, this work presents several limitations. The
experimental design of the study lead to the creation of
composite variables such as psychological distress, addic-
tions, or psychiatric diseases. Indeed, adding each of the
item composing them in the MCA analysis separately
would create noise: very small sub-groups of multicol-
linear variables that would lead to uncertainty in both
the HCPC clustering (creation of non-relevant clusters)
and multiple logistic regression (instability in coefficients
estimation). Yet, using all the vulnerabilities items sepa-
rately in a multiple logistic regression model would be
biased and misleading.

Moreover, the sample selection with the inclusion of
all singleton deliveries might reduce the generalization
of the results, even if thorough adjustments on confusion
factors were performed in the multiple regression mod-
els. The maternity unit at study is located in an area with
high rate of socially deprived women. Moreover, patients
were included in a tertiary care maternity unit and pre-
sented a large proportion of patients with high obstetri-
cal and medical risk level before pregnancy along with a
high rate of pregnancy complications. Finally, stillbirth,
late miscarriage and medical abortion were rare events
and even the use of Poisson regression produced large
confidence intervals. Further studies with larger sample
should improve this flaw.

Conclusions

Altogether, these results suggest that social vulner-
ability cannot be reduced to administrative indicators
only. Indeed, profiles with high rates of psychological
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vulnerability indicators were independently correlated to
higher risk for poor pregnancy outcomes. Therefore, pre-
vention measures should take into consideration a more
spherical approach of the vulnerability profile and also
target specific non-administrative stress factors.

Abbreviations

AVI Administrative vulnerability index
PVI Psychologic vulnerability index
DVI Dependency vulnerability index
SGA  Small for gestational age

PCU  Prenatal care use

BMI Body mass index

OR Odd ratio
aOR  Adjusted Odd ratio
IRR Incidence rate ratio

alRR  Adjusted incidence rate ratio

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512884-023-05792-2.

[ Supplementary Material 1 J

Acknowledgements

The PRECACHIM project investigators deeply thank all the midwives and
obstetrician that participated in the collection of accurate data on social
vulnerabilities in each patient folder.

Authors’ contributions

SC participated in the experimental design, data collection, statistical analysis
and writing of the manuscript, KC participated in the writing and reviewing
of the manuscript, GB participated in data collection and reviewing of

the manuscript, SB participated in data collection and reviewing of the
manuscript, ADL participated in writing of the manuscript, NS participated

in writing of the manuscript and ethical approval, BR participated in the
experimental design and writing of the manuscript.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Data Availability
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The current study was approved by the ethics committee “Ethics

Committee of Foch hospital” (IRB0O0012437). This study is part of the project
(reference: 22-07-01) entitled “Study of the impact of precariousness

on pregnancy complications, obstetrical complications and neonatal
outcomes., (PRECACHIM project). The research unit of the “Centre hospitalier
intercommunal de Montreuil” (Unité de recherche Clinique du Groupement
Hospitalier du Territoire Grand Paris Nord-Est) collaborates with Foch hospital
ethic committee as they are part of the same region (lle-de-France) in order to
obtain independent ethics approval. This observational study waived the need
to obtain informed consent according to the French law (article L1121-1-1 du
Code de la Santé Publique). Women were informed that their records could
be used for the evaluation of medical practices and were allowed to opt out
of these studies. All methods were carried out in accordance with relevant
guidelines and regulations.

Consent for publication
Not applicable.


http://dx.doi.org/10.1186/s12884-023-05792-2
http://dx.doi.org/10.1186/s12884-023-05792-2

Crequit et al. BMC Pregnancy and Childbirth

(2023) 23:465

Competing interests
The authors declare that they have no competing interests.

Author details

!Centre Hospitalier Intercommunal de Montreuil, 56 Boulevard de la
Boissiere, Montreuil 93100, France

GHT Grand Paris Nord Est, GHI Raincy Montfermeil, 10 rue du Général
Leclerc, Montfermeil 93370, France

Received: 15 November 2022 / Accepted: 15 June 2023
Published online: 22 June 2023

References

1.

Gray AM. Inequalities in Health. The Black Report: a summary and com-
ment. Int J Health Serv. 1982;12(3):349-80. https://doi.org/10.2190/
XXMM-JMQU-2A7Y-HX1E.

Calling S, Li X, Sundquist J, Sundquist K. Socioeconomic inequalities and
infant mortality of 46 470 preterm infants born in Sweden between 1992 and
2006: infant mortality inequalities in swedish preterms. Paediatr Perinat Epi-
demiol. 2011;25(4):357-65. https://doi.org/10.1111/j.1365-3016.2011.01200.x.
Auger N, Park AL, Gamache P, Pampalon R, Daniel M. Weighing the contribu-
tions of material and social area deprivation to preterm birth. Soc Sci Med.
2012;75(6):1032-7. https://doi.org/10.1016/j.socscimed.2012.04.033.

Reime B, Ratner PA, Tomaselli-Reime SN, Kelly A, Schuecking BA, Wenzlaff P
The role of mediating factors in the association between social deprivation
and low birth weight in Germany. Soc Sci Med. 2006;62(7):1731-44. https://
doi.org/10.1016/j.socscimed.2005.08.017.

Taylor-Robinson D, Agarwal U, Diggle PJ, Platt MJ, Yoxall B, Alfirevic Z. Quan-
tifying the Impact of Deprivation on Preterm Births: A Retrospective Cohort
Study. Middleton P, ed. PLoS ONE. 2011,6(8):e23163. https://doi.org/10.1371/
journal.pone.0023163.

JanevicT, Stein CR, Savitz DA, Kaufman JS, Mason SM, Herring AH. Neigh-
borhood Deprivation and adverse birth outcomes among diverse ethnic
groups. Ann Epidemiol. 2010;20(6):445-51. https://doi.org/10.1016/j.
annepidem.2010.02.010.

Huynh M, Parker JD, Harper S, Pamuk E, Schoendorf KC. Contextual effect of
income inequality on birth outcomes. Int J Epidemiol. 2005;34(4):888-95.
https://doi.org/10.1093/ije/dyi092.

Vos AA, Posthumus AG, Bonsel GJ, Steegers EAP, Denktas S. Deprived
neighborhoods and adverse perinatal outcome: a systematic review and
meta-analysis. Acta Obstet Gynecol Scand. 2014;93(8):727-40. https://doi.
0rg/10.1111/a0gs.12430.

Reeske A, Kutschmann M, Razum O, Spallek J. Stillbirth differences accord-
ing to regions of origin: an analysis of the german perinatal database,
2004-2007. BMC Pregnancy Childbirth. 2011;11(1):63. https://doi.
0rg/10.1186/1471-2393-11-63.

Gonthier C, Estellat C, Deneux-Tharaux C, et al. Association between
maternal social deprivation and prenatal care utilization: the PreCARE cohort
study. BMC Pregnancy Childbirth. 2017;17(1):126. https://doi.org/10.1186/
$12884-017-1310-z.

Opatowski M, Blondel B, Khoshnood B, Saurel-Cubizolles MJ. New

index of social deprivation during pregnancy: results from a national

study in France. BMJ Open. 2016;6(4).e009511. https://doi.org/10.1136/
bmjopen-2015-009511.

Sass C, Guéguen R, Moulin JJ, et al. Comparaison du score individuel de
précarité des Centres d'examens de santé, EPICES, a la définition socio-
administrative de la précarité. Santé Publique. 2006;18(4):513-22. https://doi.
0rg/10.3917/spub.064.0513.

20.

21.

22.

23.

24.

25.

26.

27.

Page 8 of 8

Gootjes DV, Posthumus AG, Jaddoe VWV, Steegers EAP. Association between
neighbourhood deprivation, fetal growth, small-for-gestational age and
preterm birth: a population-based prospective cohort study. BMJ Open.
2021;11(11):2049075. https://doi.org/10.1136/bmjopen-2021-049075.

Bonet M, Smith LK, Pilkington H, Draper ES, Zeitlin J. Neighbourhood depriva-
tion and very preterm birth in an english and french cohort. BMC Pregnancy
Childbirth. 2013;13(1):97. https://doi.org/10.1186/1471-2393-13-97.

Poeran J, Maas AFG, Birnie E, Denktas S, Steegers EAP, Bonsel GJ. Social depri-
vation and adverse perinatal outcomes among western and non-western
pregnant women in a dutch urban population. Soc Sci Med. 2013;83:42-9.
https://doi.org/10.1016/j.socscimed.2013.02.008.

Linard M, Blondel B, Estellat C, et al. Association between inadequate antena-
tal care utilisation and severe perinatal and maternal morbidity: an analysis
in the PreCARE cohort. BJOG: Int J Obstet Gy. 2018;125(5):587-95. https://doi.
org/10.1111/1471-0528.14794.

Crequit S, Bierry G, Maria P, et al. Use of pregnancy personalised follow-up in
case of maternal social vulnerability to reduce prematurity and neonatal mor-
bidity. BMC Pregnancy Childbirth. 2023;23(1):289. https://doi.org/10.1186/
$12884-023-05604-7.

Kiserud T, Piaggio G, Carroli G et al. The World Health Organization Fetal
Growth Charts: A Multinational Longitudinal Study of Ultrasound Biometric
Measurements and Estimated Fetal Weight. Myers JE, ed. PLoS Med.
2017;14(1):21002220. https://doi.org/10.1371/journal pmed.1002220.

Husson F, Lé S, Pages J. Exploratory multivariate analysis by Example using R.
CRC Press; 2011.

Lé S, Josse J, Husson F. FactoMineR: an R Package for Multivariate Analysis. J
Stat Soft. 2008;25(1). https://doi.org/10.18637/jss.v025.i01.

Husson F, Josse J, Pages J. Principal component methods - hierarchical clus-
tering - partitional clustering: why would we need to choose for visualizing
data?:17.

Lascarrou JB, Gaultier A, Soumagne T, et al. Identifying clinical phenotypes in
moderate to severe Acute Respiratory Distress Syndrome related to COVID-
19: the COVADIS Study. Front Med. 2021;8:632933. https://doi.org/10.3389/
fmed.2021.632933.

Harakow H, Hvidman L, Wejse C, Eiset AH. Pregnancy complications

among refugee women: a systematic review. Acta Obstet Gynecol Scand.
2021;100(4):649-57. https://doi.org/10.1111/a0gs.14070.

Sow M, Raynault MF, De Spiegelaere M. Associations between socioeconomic
status and pregnancy outcomes: a greater magnitude of inequalities in peri-
natal health in Montreal than in Brussels. BMC Public Health. 2022;22(1):829.
https://doi.org/10.1186/512889-022-13165-1.

Givens M, Teal EN, Patel V, Manuck TA. Preterm birth among pregnant women
living in areas with high social vulnerability. Am J Obstet Gynecol MFM.
2021;3(5):100414. https://doi.org/10.1016/j.ajogmf.2021.100414.

Salazar EG, Montoya-Williams D, Passarella M, et al. County-Level

maternal vulnerability and Preterm Birth in the US. JAMA Netw Open.
2023;6(5):€2315306. https://doi.org/10.1001/jamanetworkopen.2023.15306.
Haab E, Werschuren C, Parquet C, et al. Dépistage et parcours de soins en

cas de vulnérabilités psycho-sociales maternelles: une enquéte nationale
frangaise. Gynécologie Obstétrique Fertilité & Sénologie. 2022;50(10):666-74.
https://doi.org/10.1016/}.gofs.2022.07.002.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


http://dx.doi.org/10.2190/XXMM-JMQU-2A7Y-HX1E
http://dx.doi.org/10.2190/XXMM-JMQU-2A7Y-HX1E
http://dx.doi.org/10.1111/j.1365-3016.2011.01200.x
http://dx.doi.org/10.1016/j.socscimed.2012.04.033
http://dx.doi.org/10.1016/j.socscimed.2005.08.017
http://dx.doi.org/10.1016/j.socscimed.2005.08.017
http://dx.doi.org/10.1371/journal.pone.0023163
http://dx.doi.org/10.1371/journal.pone.0023163
http://dx.doi.org/10.1016/j.annepidem.2010.02.010
http://dx.doi.org/10.1016/j.annepidem.2010.02.010
http://dx.doi.org/10.1093/ije/dyi092
http://dx.doi.org/10.1111/aogs.12430
http://dx.doi.org/10.1111/aogs.12430
http://dx.doi.org/10.1186/1471-2393-11-63
http://dx.doi.org/10.1186/1471-2393-11-63
http://dx.doi.org/10.1186/s12884-017-1310-z
http://dx.doi.org/10.1186/s12884-017-1310-z
http://dx.doi.org/10.1136/bmjopen-2015-009511
http://dx.doi.org/10.1136/bmjopen-2015-009511
http://dx.doi.org/10.3917/spub.064.0513
http://dx.doi.org/10.3917/spub.064.0513
http://dx.doi.org/10.1136/bmjopen-2021-049075
http://dx.doi.org/10.1186/1471-2393-13-97
http://dx.doi.org/10.1016/j.socscimed.2013.02.008
http://dx.doi.org/10.1111/1471-0528.14794
http://dx.doi.org/10.1111/1471-0528.14794
http://dx.doi.org/10.1186/s12884-023-05604-7
http://dx.doi.org/10.1186/s12884-023-05604-7
http://dx.doi.org/10.1371/journal.pmed.1002220
http://dx.doi.org/10.18637/jss.v025.i01
http://dx.doi.org/10.3389/fmed.2021.632933
http://dx.doi.org/10.3389/fmed.2021.632933
http://dx.doi.org/10.1111/aogs.14070
http://dx.doi.org/10.1186/s12889-022-13165-1
http://dx.doi.org/10.1016/j.ajogmf.2021.100414
http://dx.doi.org/10.1001/jamanetworkopen.2023.15306
http://dx.doi.org/10.1016/j.gofs.2022.07.002

	﻿Association between social vulnerability profiles, prenatal care use and pregnancy outcomes
	﻿Abstract
	﻿Background
	﻿Materials and methods
	﻿Study population
	﻿Collected data
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿Clinical implications
	﻿Strength and limitations

	﻿Conclusions
	﻿References


