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Validation of the 'EPICES' social deprivation score in a population of women who have just given birth: a French cross-sectional study
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Objectives: To assess the diagnostic performance of the EPICES score for identifying social deprivation during pregnancy in a population of women in the immediate postpartum period.

Study design: This cross-sectional survey took place between 05 June and 05 August 2017, among women who had just given birth in either of the maternity units in Clermont-Ferrand, France.

Methods: A self-administered questionnaire was completed by women. The questionnaire came in two parts: the EPICES index and the criteria for social deprivation defined by French law. These criteria were chosen to define the reference standard. The women were classified in two groups, living in precarious circumstances or not, according to the criteria defined by the French law (reference standard). To determine the most relevant threshold of the EPICES score, the precision associated with the threshold (the fraction of those predicted positive who are true positives: positive predictive value) was balanced with its sensitivity. EPICES scores above the threshold were classified as deprived, those below as non-deprived.

Results: Of the 947 women who gave birth during the study period, 700 (73.9%) completed the self-administered questionnaire. The best trade-off between precision and sensitivity was obtained with a threshold of 22. For this threshold value, the positive predictive value was 42.3% and the sensitivity 70.3%.

Conclusions:

The EPICES score with a threshold validated in the population of pregnant women is a useful, rapid and easy to use tool that makes it possible to identify maternal deprivation at an individual level.

Introduction

Several studies have established an association between social deprivation and adverse perinatal outcomes. [1][2][START_REF] Charreire | Poor prenatal care in an urban area: a geographic analysis[END_REF][START_REF] Cosson | Psychosocial deprivation in women with gestational diabetes mellitus is associated with poor fetomaternal prognoses: an observational study[END_REF][5][START_REF] Hesselman | Neighborhood deprivation and adverse perinatal outcomes in Sweden: A populationbased register study[END_REF][START_REF] Kapaya | Deprivation and poor psychosocial support are key determinants of late antenatal presentation and poor fetal outcomes--a combined retrospective and prospective study[END_REF][START_REF] Vos | Deprived neighborhoods and adverse perinatal outcome: a systematic review and meta-analysis[END_REF] Social deprivation has been measured with indices constructed by small geographic areas. 2,[START_REF] Charreire | Poor prenatal care in an urban area: a geographic analysis[END_REF][START_REF] Deguen | Using a Clustering Approach to Investigate Socio-Environmental Inequality in Preterm Birth-A Study Conducted at Fine Spatial Scale in Paris (France)[END_REF][START_REF] Kihal-Talantikite | Adverse Birth Outcomes as Indicators of Poor Fetal Growth Conditions in a French Newborn Population-A Stratified Analysis by Neighborhood Deprivation Level[END_REF] They describe the associations between the characteristics of the residential area, its match to the geographic availability of care and health-care facilities, while trying to control for the role of socioeconomic factors in the analysis of the local environment's effects on its inhabitants' health with consistent results about the prevalence of deprivation. [START_REF] Vos | Deprived neighborhoods and adverse perinatal outcome: a systematic review and meta-analysis[END_REF] These indices, generally global, are on the whole poorly adapted to mother-child pairs. Other indices have been created from essentially economic data that do not take into account the social dimension of deprivation, as defined by Wresinski as the lack of one or more securities enabling people to assume their elementary responsibilities and enjoy their fundamental rights. [START_REF] Opatowski | New index of social deprivation during pregnancy: results from a national study in France[END_REF] Thus the concept of deprivation appears to be multidimensional and may be difficult to be defined. In France, an individual score of social deprivation was developed in 2002 and called the EPICES index (Evaluation de la Précarité et des Inégalités de santé dans les Centres d'Examen de santé, Evaluation of Deprivation and Inequalities in Health Examination Centers) . This reliable index, validated on cohort of 197 389 persons, is composed of 11 questions regarding material, psychosocial and social problems. [START_REF] Labbe | A new reliable index to measure individual deprivation: the EPICES score[END_REF][START_REF] Sass | Le score Epices : un score individuel de précarité. Construction du score et mesure des relations avec des données de santé, dans une population de 197 389 personnes[END_REF][START_REF] Sass | Comparaison du score individuel de précarité des Centres d'examens de santé, EPICES, à la définition socio-administrative de la précarité[END_REF] It has been used in several studies but very little among pregnant women. [START_REF] Bihan | Factors associated with screening for glucose abnormalities after gestational diabetes mellitus: baseline cohort of the interventional IMPACT study[END_REF][START_REF] Lelong | Is individual social deprivation associated with adverse perinatal outcomes? Results of a French multicentre cross-sectional survey[END_REF] In one study of women with gestational diabetes, with EPICES score greater than 30.17 (validated threshold), had more complications. [START_REF] Bihan | Factors associated with screening for glucose abnormalities after gestational diabetes mellitus: baseline cohort of the interventional IMPACT study[END_REF] Another study found that prenatal care was poorer among women with higher EPICES scores and that the three principal causes of unfavourable pregnancy outcomes (preterm delivery, gestational diabetes and pregnancy-related hypertension) were more frequent among women in precarious situations. [START_REF] Lelong | Is individual social deprivation associated with adverse perinatal outcomes? Results of a French multicentre cross-sectional survey[END_REF] Nonetheless these studies have mainly targeted subpopulations already at risk among pregnant women. Moreover, the threshold of deprivation used in these studies was that established at the initial validation study of the EPICES score, conducted in a population consulting at a health insurance care centre. [START_REF] Sass | Le score Epices : un score individuel de précarité. Construction du score et mesure des relations avec des données de santé, dans une population de 197 389 personnes[END_REF][START_REF] Sass | Comparaison du score individuel de précarité des Centres d'examens de santé, EPICES, à la définition socio-administrative de la précarité[END_REF] Consequently, the prevalence of deprivation among pregnant women in the general population is not well estimated, mainly because most estimates use only economic indicators. The hypothesis of our study is that the threshold for identifying women in social vulnerability is different from that determined in a population consulting in a national health insurance health care centre.

Our principal objective was to assess the diagnostic performance of the EPICES score for identifying social deprivation during pregnancy in a population of women in the immediate postpartum period.

Materials and methods

Study design

This cross-sectional survey was carried out between 05 June and 05 August 2017, among women who had just given birth in either of the maternity units (one public level III and one private level II) in Clermont-Ferrand, France.

A medical practitioner (obstetrician or midwife) informed women about the study, distributed the questionnaire and collected it each day during the study period in the postpartum units, before women were discharged.

Study Population

Women were eligible if they were older than 18 years old, spoke and read French fluently, and had provided written informed consent to participate. Women with terminations of pregnancy for medical indications were not included.

Questionnaire

A questionnaire was self-administered to participants and came in two parts: the EPICES index and the criteria for socioeconomic deprivation defined by the French law. The French law in article 2 of the decree of 1992 defined deprived populations as young people aged 16 to 25 years old excluded from the school system in a process of professional integration, unemployed, beneficiaries of the active solidarity income, people on solidarity employment contracts or consolidated employment contracts, homeless (1998), and beneficiaries of universal health coverage (for very low-income individuals) (2000). [START_REF]Ministère des Affaires sociales[END_REF] These criteria were chosen to define the reference standard in our study because they create eligibility for social rights and a specific pathway for care for the population recognised as deprived in France.

The EPICES index is composed of 11 binary items on marital status (1 item), health insurance status (1 item), economic status (3 items), family support (3 items) and leisure activities during the last 12 months (3 items) (supplementary file 1). The EPICES score is calculated by adding the coefficient for question to the intercept whenever the answer is "yes". It ranged from 0 to 100, from the lowest to the highest level of deprivation.

Statistical analysis

Categorical data are presented as frequencies and percentages and continuous variables as means and standard deviations (SD). The distribution of the EPICES score was also evaluated using quintiles, the first quintile (Q1), corresponding to the least deprived women, to the fifth quintile (Q5) for those most deprived. The quintiles used were those already used in the literature as the distribution of the score is the same since scoring was established following the initial quotation. [START_REF] Sass | Le score Epices : un score individuel de précarité. Construction du score et mesure des relations avec des données de santé, dans une population de 197 389 personnes[END_REF] The women were classified in two groups: living in precarious circumstances or not, according to the criteria defined by the French law (reference standard). These groups were compared using Chi-square or Fisher's exact tests for categorical variables, Student's t tests for normally distributed continuous data and Mann-Whitney non-parametric tests otherwise.

To determine the most relevant threshold of EPICES score to discriminate women according deprivation, precision and recall curve was used as the groups were imbalanced in order to display the trade-off between precision and sensitivity (also called recall) over all possible test threshold values. [START_REF] Saito | The precision-recall plot is more informative than the ROC plot when evaluating binary classifiers on imbalanced datasets[END_REF] The precision associated with the threshold (the fraction of those predicted positive who are true positives, that is, the positive predictive value, PPV) was balanced with its sensitivity (= recall: fraction of true positives who are predicted to be positive). If no threshold simultaneously achieved good sensitivity and good precision, then we assessed a threshold that identified a subset of situations with a higher-than average rate of being at risk for deprivation. Figures were plotted showing both enrichment (ratio of the precision associated with the threshold to the mean positive rate) and sensitivity as functions of the threshold. [START_REF] Sing | ROCR: visualizing classifier performance in R[END_REF] Then we evaluated the results of the threshold by studying the confusion matrix. Women with EPICES scores above the threshold were classified as deprived, those below as non-deprived.

All analyses were performed using R software (R 4.0.2, ggplot2, ROCR, and grid packages) and conducted at a two-sided alpha=0.05 significance level.

Results

Of the 947 women who gave birth during the study period, 700 (73.9%) completed the selfadministered questionnaire. According to the reference standard (social deprivation defined by the French law) 145 of these 700 women, that is, 20.7%, were classified as deprived.

The socio-demographic characteristics of participants are presented in Table 1. The mean age of the participants was 32.5 years (±5.0), 52.3% had at least post-secondary education, 95.3% were living with a partner, and 79.3% were born in metropolitan France. The mean preconception BMI was 23.7 (± 5.4) and 15.0% were nulliparous. The characteristics of pregnancy and delivery are described in Table 2. We note that 35.4% had a pregnancy-related disorder, that the mean term at delivery was 39.4 (± 2.2) weeks, and that 16.4% had a caesarean delivery. The new-born characteristics are presented in Table 3. Mean birth weight was 3256.4 g (± 508.4) and 48.4% of the infants were being exclusively breast-fed at discharge (Table 3).

Deprived women according to the reference standard were compared to non-deprived ones.

Deprived women were younger (P=0.0003), had a lower educational level (P<0.0001), and were more often unemployed (P<0.0001), more often lived alone (P<0.0001), , and more often born abroad (P<0.0001). The proportion of obesity (BMI>30 kg/m 2 ) was higher among deprived women (P=0.003). They had smoked more frequently at the beginning of their pregnancy (P=0.04). Finally, the proportion of multiparous was higher among them (P<0.0001) (Table 1). The women socially deprived had more frequent pregnancy-related disorders (P=0.009) and more preterm births (P=0.005) (Table 2). Non-deprived mothers had small-for-gestational-age infants (P=0.01) more frequently compared to deprived ones, and breastfed more often (P=0.01) (Table 3).

The EPICES index was compared between deprived and non-deprived groups (Table 4). The mean EPICES score was significantly higher in the deprived group (P<0.0001). The distribution between the two groups in quintiles varied significantly: in the non-deprived group, 65.7% of the women had a score in the first two quintiles (i.e., the lowest EPICES scores), while in the deprived group, 61.4% had a score in the last two quintiles (i.e., the highest EPICES scores) (P<0.0001). Distributions of the items of the EPICES index were significantly different between deprived and non-deprived groups (P<0.0001). More specifically, more than 50% of deprived women did not have leisure activity including physical activity and more than 80% of them were not homeowner. Finally, nearly half of the deprived women had financial difficulties during the month. For non-deprived women, less than 30% of them were in those situations (no leisure activity, not owner and financial difficulties).

The best trade-off between precision and sensitivity was obtained with a threshold of 22 (Figures 1 and2). For this threshold value, the sensitivity was 70.3% and the positive predictive value 42.3% (Table 5).

Discussion

Our study enabled us to validate a threshold score for the EPICES index to use during pregnancy. A sensitivity of 70% was obtained for a threshold value of 22. This sensitivity is lower than that calculated during the initial validation of the EPICES score, which was 80%. This difference is probably due to the score's initial validation within a specific population. [START_REF] Sass | Le score Epices : un score individuel de précarité. Construction du score et mesure des relations avec des données de santé, dans une population de 197 389 personnes[END_REF] more than 20% of the deprived women according to the reference standard had a score lower than 30.17; this may be associated with their greater social and family isolation. That is, the women defined as deprived more often lived alone; [START_REF] Kapaya | Deprivation and poor psychosocial support are key determinants of late antenatal presentation and poor fetal outcomes--a combined retrospective and prospective study[END_REF][START_REF] Opatowski | New index of social deprivation during pregnancy: results from a national study in France[END_REF] questions about the family environment on the EPICES score therefore had a greater weight in the calculation of the score in this population of mothers.

To our knowledge, the criteria of internal and external validity of other deprivation indices have never been compared with an administrative reference standard. The other social deprivation indices explore the marital situation but not the family structure or the social fabric of precarious populations. 2,[START_REF] Charreire | Poor prenatal care in an urban area: a geographic analysis[END_REF] That is, geographic indices are based on ecological data about the neighbourhood, which makes it difficult to take their individual variability into account. [START_REF] Hesselman | Neighborhood deprivation and adverse perinatal outcomes in Sweden: A populationbased register study[END_REF][START_REF] Deguen | Using a Clustering Approach to Investigate Socio-Environmental Inequality in Preterm Birth-A Study Conducted at Fine Spatial Scale in Paris (France)[END_REF][START_REF] Kihal-Talantikite | Adverse Birth Outcomes as Indicators of Poor Fetal Growth Conditions in a French Newborn Population-A Stratified Analysis by Neighborhood Deprivation Level[END_REF] Most economic indicators consider household income but not the number of household members nor their family relationships. [START_REF] Opatowski | New index of social deprivation during pregnancy: results from a national study in France[END_REF] The deprived population in our sample presents the same social and demographic characteristics already described among this population: they are younger, less educated, and more often born abroad. [START_REF] Lindquist | Experiences, utilisation and outcomes of maternity care in England among women from different socio-economic groups: findings from the 2010 National Maternity Survey[END_REF][START_REF] Yang | Neighborhood deprivation and maternal psychological distress during pregnancy: a multilevel analysis[END_REF] They are also more often obese and active smokers. [START_REF] Clausen | Pregnancy complications by overweight and residential area. A prospective study of an urban Norwegian cohort[END_REF][START_REF] Räisänen | Smoking during pregnancy was up to 70% more common in the most deprived municipalities -a multilevel analysis of all singleton births during 2005-2010 in Finland[END_REF] Their pregnancies more often had related diseases, especially diabetes, and they tended to give birth at a lower gestational age. Few differences were observed between the two groups for neonatal outcome. The higher rate of preterm deliveries among deprived women is an unfavourable outcome already described in the literature, 2,[START_REF] Vos | Deprived neighborhoods and adverse perinatal outcome: a systematic review and meta-analysis[END_REF][START_REF] Deguen | Using a Clustering Approach to Investigate Socio-Environmental Inequality in Preterm Birth-A Study Conducted at Fine Spatial Scale in Paris (France)[END_REF] as is the clear association between pregnancy-related diseases and social deprivation. [START_REF] Bihan | Factors associated with screening for glucose abnormalities after gestational diabetes mellitus: baseline cohort of the interventional IMPACT study[END_REF][START_REF] Vinikoor-Imler | The effects of exposure to particulate matter and neighbourhood deprivation on gestational hypertension[END_REF] Among these diseases, gestational diabetes nonetheless appears more frequent among these women in other studies than in ours. [START_REF] Cosson | Psychosocial deprivation in women with gestational diabetes mellitus is associated with poor fetomaternal prognoses: an observational study[END_REF][START_REF] Sampson | The association between socio-demographic marginalization and plasma glucose levels at diagnosis of gestational diabetes[END_REF] A difference between our results and the literature 6,8,10 is that we did not observe a higher frequency of fetal growth restriction in the deprived population. These results must be interpreted with caution and are one of our study's limitations: because these events are rare, the number of individuals affected is very low. Our study probably lacks the power to be able to explain the associations between maternal and neonatal outcomes and social deprivation.

Similarly, because this was a written questionnaire, women who did not speak French or were unable to read could not participate, and this group probably included women in the most precarious situations, for whom particular attention is necessary. It is not possible to know how many women were eligible for our study and how many refused to participate. Our participation rate is nonetheless high.

The EPICES questionnaire has already been used in telephone or face-to-face interviews; its acceptability among the respondents was good and the results about the prevalence of social deprivation consistent with ours. [START_REF] Cosson | Psychosocial deprivation in women with gestational diabetes mellitus is associated with poor fetomaternal prognoses: an observational study[END_REF][START_REF] Henrotin | Deprivation, occupational hazards and perinatal outcomes in pregnant workers[END_REF] Calculation of the EPICES score as part of a prenatal interview can therefore be envisioned for early screening of deprivation and specific management for it. In France, the early prenatal interview is the first session of preparation for childbirth and parenting. It is recommended that these interviews be planned with a midwife or physician, from the beginning of pregnancy, starting at the fourth month, either alone or with the partner. This interview is fully covered (100%) by the French national health insurance fund. Among other things, it makes it possible to identify situations of social deprivation among both mothers and fathers and has been mandatory since May 2020, [START_REF]Ministères des Affaires sociales[END_REF] just like the 7 visits (for a full-term pregnancy) of medical antenatal care.

In conclusion, the EPICES score with a threshold validated in the population of pregnant women is a useful, rapid and easy to use tool that makes it possible to identify maternal social deprivation at an individual level. The routine use of this questionnaire during pregnancy would make it possible to study the consequences of deprivation on maternal and fetal health status.
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Figure 1 :

 1 Figure 1: Ratio of the precision associated with the threshold to the mean positive rate: enrichment.

Figure 2 :

 2 Figure 2: Sensitivity analysis as functions of the threshold of the EPICES score

Term at delivery (weeks of gestation)

  

		[39.4 ± 2.2]	[39.1 ± 1.5]	[39.5 ± 2.3]	0.007
	< 37	4.6	5.5	4.3	0.005
	≥37 -≤40	73.9	82.8	71.5	
	>40	21.6	11.7	24.1	
	Mode of delivery				0.55
	Caesarean	16.4	19.3	15.7	
	Operative vaginal	14.4	13.1	15.7	
	delivery				
	Vaginal delivery,	69.1	67.6	69.6	
	spontaneous				

Table 3

 3 Medical characteristics of newborns in the overall study population and in deprived and non-deprived groups as defined by the French law

		Total	Deprived	Non-deprived	P
				N=564	value
		N=710	N=146	n %	
		n %	n %	[m±SD]	
		[m±SD]	[m±SD]		
	Preterm birth (<37 weeks of	5.1	5.5	5.0	0.80
	gestation)				
	Sex				
	Female	51.1	49.3	51.6	0.62
	Birth weight				
		[3256.4 ± 508.4]	[3286.7 ± 492.9]	[3248.5 ± 512.4]	0.42
	< 2500 g	6.3	6.2	6.4	0.45
	≥2500-<3500 g	62.5	58.2	63.7	
	≥3500 g	25.6	30.8	24.3	
	≥4000 g	5.5	4.8	5.7	
	Small for gestational-age *	6.3	2.1	7.5	0.02
	One-minute Apgar score	n= 699	n= 144	n= 555	0.63
		[8.6 ± 1.3]	[8.6 ± 1.4]	[8.7 ±1.3]	
	Five-minute Apgar score	n= 708	n= 146	n=562	0.82
		[9.6 ± 1.2]	[9.6 ± 1.1]	[9.6 ± 1.3]	
	<7	2.0	1.4	2.1	0.55
	≥7	98.0	98.6	97.9	
	Immediate resuscitation	n= 702	n= 143	n= 559	0.14
		6.4	9.1	5.7	
	Milk source at discharge	n= 680	n= 139	n= 541	0.005
	Breast milk exclusively	48.4	44.6	49.4	
	Mixed	11.0	18.7	9.1	
	Artificial	40.6	36.7	41.6	

* Birthweight below the 5th percentile according to the gestational age and sex

Table 4 :

 4 Distribution of the EPICES items and score in the overall study population and in deprived and non-deprived groups as defined by the French law

	Total	Deprived	Non-deprived	P
	N= 700	N=145	N=555	
	n (%)	n (%)	n (%)	
	[m±SD]	[m±SD]	[m±SD]	

Table 5

 5 Ability of the EPICES score to discriminate between deprived women and nondeprived with social deprivation defined by the French law

	Social deprivation	Social deprivation defined by the French law
	defined by the			
	EPICES index *			
		Deprived	Non-deprived	Total
	Deprived	TP	FP	
		102	139	241
	Non-deprived	FN	TN	
		43	416	459
	Total	145	555	700

* Deprived for EPICES score ≥ 22; non-deprived for EPICES score < 22.