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2. Abstract

Objectives:to assess the risk of postpartum maternal deatbciassd with region,and to
examine whether the quality of care received bywbmen who died differed by region.
Design: A national case-control study

Setting: France

Population: selected from recent nationwide sury@g8 postpartum maternal deaths from
2001 through 2006 as cases; and a representativglesgn=14,878) of women who gave
birth in 2003 as controls.

Methods: Crude and adjusted odd ratios of matedeatth associated with region were
calculated with logistic regression, and the quaiit care for cases was compared according
to region with chi-square tests or Fisher’s exests.

Main outcome measures: Risk of postpartum matedeath associated with region, and
quality of care.

Results: After adjustment for maternal age andonatity, the risk of maternal death was
higher in lle-de-France region (aOR1.6; 95% CI; 2.B) and the overseas districts (aOR3.5;
95% CI: 2.4, 5.0) than in the rest of continentalrf€e group. In both regions, the excess risk
of death from haemorrhage, amniotic fluid embolismd hypertensive disorders was
significant. In continental France, after furtheontrolling for women’s obstetric
characteristics, the risk of maternal death indéeFrance remained higher (aOR1.8; 95%CI:
1.3, 2.6). The cases received suboptimal care imegeently in lle-de-France than in the rest
of continental regions (64% versus 43%, p=0.01).

Conclusions: These results suggest that qualitgapé and organization of health services
may play a role in the differential risk of matdrmaortality between regions in France.
Research on severe maternal morbidity and its métents is needed to clarify the

mechanisms involved.
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3. Main body of text

Introduction

Maternal mortality (MM) remains the principal indior of maternal health, a simultaneous
marker of the quality of and access to care [1¥4e last report from the French National
Confidential Enquiry into Maternal Deaths (ENCMMywered the 2001-2006 period and
showed a global maternal mortality ratio (MMR) aob 3leaths per 100,000 live births [5].
Although similar to MMRs in other high-resource otries with an enhanced surveillance
system [6, 7], this ratio can probably be redudédfgrther. One approach to this goal is to
identify the subgroups of women at increased risk @evelop preventive strategies for them.
Results in several countries show an associatiomde® some individual characteristics, such
as advanced age or foreign nationality or geographigin, and a higher risk of maternal
death [8-10]. The implications of these findingstémms of prevention nonetheless remain
unclear.

Geographic disparities in MM within the same cowurdre potentially informative but have
been studied less [11, 12]. Of the 27 administeakivench regions, risk of MM is reported to
be highest in the lle-de-France region (Paris asduburbs) and in the overseas districts
(DOM: French Guyana, Reunion, Guadeloupe and Mqtt&) than in the rest of continental
France, and this excess risk persists after stdrmddion for maternal age [11]. These 2
regions account for 42% of the maternal deathsramée (28% in lle-de-France and 14% in
the DOM), although they account for only 26% otlivirths (22% in lle-de-France and 4% in
the DOM) [Figure 1]. The reasons for this excess kévhain controversial. Such disparities
can result from differences in the women's charettes but also from heterogeneity in the
organization and quality of care.

Although policies governing the organization of ltleacare and clinical guidelines are

defined at a national level in France, they arelemgnted regionally. Understanding the

M. Saucedo et al. 4
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mechanisms of geographic disparities may help tsigde customized regional policies
focused on specific subgroups and/or modes oftinseltvice organization.

Our objectives were to test the hypothesis thatitheof postpartum maternal death in France
remains significantly higher in the lle-de-Franegion and the DOM, taking the individual
characteristics of women into account and to detesni the quality of care received by the

women who died differed according to their regidmelivery.

Methods
This study used a case-control design, with bogegsaand controls selected from recent

nationwide surveys.

Population

Cases: Women who died were selected fromBNEMM [5], conducted in France since
1996 and specifically from those who died during 2001-2006 period. This permanent
survey system follows the International Classifmatof Diseases in defining maternal death
(ICD-10th revision) [13] as “the death of a womahile pregnant or within 42 days of
termination of pregnancy, irrespective of the doratand site of the pregnancy, from any
cause related to or aggravated by pregnancy anasagement but not from accidental or
incidental causes.” Deaths with any mention of pegegy or birth or puerperium, or for
which the pregnancy tick box is marked, on reviethe death certificate’s content are
selected by the national center of statistics fediwal causes of death (CépiDc) and reported
to the ENCMM. A team of assessors (an obstetri@ad an anaesthetist) conducts a
confidential enquiry of each death that occurredthe context of a current or recent
pregnancy. The assessors use a standardized detaddical questionnaire to collect the
relevant clinical information related to the womamd her death through interviews and a

review of hospital records and autopsy reports.eGithe non-participation of some local

M. Saucedo et al. 5
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clinicians, the confidential enquiry is completasdadeaths fully documented in only three
quarters of maternal deaths identified by the ENCMDeaths are then anonymously
reviewed by the National Committee of Experts lsho make a unanimous determination
about the underlying cause of death (whether tla¢hdis a maternal death, either direct or
indirect, according to the ICD definition), its astability (certainly, perhaps, or cannot be
determined) and the reasons for avoidability (anmore of these reasons: delay in treatment,
missed diagnosis, inadequate or insufficient tineat, medical error or patient negligence),
and the global quality of medical and obstetricec@not optimal, optimal or cannot be
determined) [5]. The surveillance system identi#&8 maternal deaths for the 6-year study
period considered here. Specifically, this studyuded the postpartum maternal deaths from
that period associated with birth at a gestatiagal of 22 weeks or more (still- or live births),
for consistency with the definition of the contr¢ése below). To avoid possible referral bias,
we excluded women who died outside their regiorresidence. The study population of
women who died during the postpartum period theesiiocluded 328 cases [figure 2].
Controls: The control women came from the 2003 émedational Perinatal Survey (NPS), a
national representative sample of births in Fra(el5,108). NPS are repeated cross-
sectional studies intended to monitor trends iningéal health indicators and medical
practices. They cover all births (live births anidisrths) occurring during 1 week in France
if they are at a gestational age of 22 weeks orenoorweighing at least 500 g. The precise
methodology of the 2003 survey has been descrilzedvhere [14, 15]. Data were collected
through interviews with the mother and from medieords. The comparison group for our
case-control study thus included women who pasdiei@ in the 2003 National Perinatal
Survey (because it fell in the middle of the 20018 time window for case inclusion) who
delivered in their region of residence, for coresisly with the definition of the cases. The

control sample therefore included 14,878 womerufeg].

M. Saucedo et al. 6
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Study variables

The primary predictor variable of interest was tegion — the region of delivery for the

controls and the region of death for the casesidrRegwere classified in three groups: the
DOM, lle-de-France, and other continental regioasttee reference group. The following

socio-demographic variables examined as potentafocinders were the mother's age,
nationality, work status and marital status. Theéat were collected from the interviews of
control subjects and from the death certificatedHe cases.

We collected the following obstetric characteristior cases and controls: parity, mode of
delivery, multiple birth, and variables consideresl markers of preexisting morbidity, i.e.,
hypertensive disorders during pregnancy, hospéatm during pregnancy, induction of

labor, emergency cesarean delivery, and preterivetgl These data came from the medical
records for the controls and from the confidengahuiry for the cases reviewed by the
National Committee of Experts. Because the proportif missing data for these clinical

variables was so high in the maternal deaths froenQROM (50%, n=21), they were only

analyzed for women from continental France.

Analyses

To test the hypothesis of an excess risk of postpamaternal death among women from lle-
de-France and the DOM, we used different multitariagistic regression models. A first
model was adjusted for the relevant socio-demogeagtaracteristics in all women and crude
and adjusted odds ratios associated with regioe wssessed, overall and for cause-specific
postpartum MM. A second logistic regression analysicluded socio-demographic and
relevant obstetric characteristics and was conduatdy in women from IDF and the rest of
continental France; among obstetrics charactesistiypertension during pregnancy and

induced labor were not included in the multivariatedel because of significantly different

M. Saucedo et al. 7
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missing-value rates for cases between regions. sbmee analysis was conducted in the
subgroup of women from continental France withraglgiton term delivery (gestational age
>37 weeks), to eliminate possible residual confongdelated to pre-existing morbidity

The last part of the analysis was restricted to wlmenen who died. In this group, we

compared quality of care received, avoidability ag¢ath and reasons for avoidability,

according to geographic region. Again, becaus&®efproportion of missing data for women

who died in the DOM, this analysis was limited twetcases from continental France.
Proportions were compared with chi-square testsvben appropriate, Fisher’'s exact tests.
The level of statistical significance was .05. {Statal analysis was performed with STATA

10 software (StataCorp., LP, College Station, T$A).

Results

Characteristics of cases and controls are showialike 1. They differed significantly for the
distribution of geographic region: there were memmen in the DOM among the cases than
controls (12.8% compared with 4.1%). Women in keFtance were also overrepresented
among the women who died (29.9% compared with 21.8% 0.001). Compared with
controls, cases were significantly older and mdtenoof foreign nationality. Among cases
from continental France, clinical information oliad through the enquiry was available for
74.8% (N=214). Compared with controls, cases weveenikely to be multiparous, to have
been hospitalized during pregnancy and to have &atlypertensive disorder during
pregnancy. The proportions of induced labor, entergecesarean deliveries, and preterm
deliveries were all significantly higher among a#igan controls (Table 1).

The risk of postpartum maternal death was 4 timgisdn for women from the DOM and 1.8

times higher for those from lle-de-France, compavet the rest of continental France. After

M. Saucedo et al. 8
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taking age and nationality into account, the adgisidds ratio (aOR) was 3.5 (95% CI: 2.4,
5.0) for the DOM and 1.6 (95% CI. 1.2, 2.0) for-tle-France (Table 2).

Figure 3 shows the distribution of causes of deattong the cases, according to region.
Haemorrhage was the most important cause of MMoith Ithe DOM (40.5%) and lle-de-
France (34.7%), whereas indirect causes were tubnlg cause in rest of continental France
(34.0%). Further analysis of the risk for causecgmeMM associated with region showed,
after adjustment for age and nationality, that riisk of mortality from all main causes of
direct maternal death was significantly higherlexde-France and the DOM (Table 2). The
risk of death from hypertensive disorders and hagmge was 5.6 and 6.5 times higher,
respectively, in the DOM and 2.7 and 2.3 times &igim lle-de-France, compared with
women in the rest of continental France (TableTRg risk of maternal death from indirect
obstetric causes did not differ significantly bgians.

After adjustment for socio-demographic and obstefaictors (parity, hospitalization during
pregnancy and emergency cesarean), women in llgaeze had a higher risk of postpartum
maternal death (aOR 1.8; 95% CI: 1.3, 2.6) than amin other continental regions (Table
3). The analysis by specific cause of death shothat the risk of postpartum death from
haemorrhage was higher in lle-de-France than imekieof continental France (aOR 2.2, 95%
Cl: 1.2, 4.0). After excluding multiple and pretedualiveries, we repeated this analysis and
obtained similar results (Table 3).

The National Expert Committee concluded that amtrg women who died (all causes
included) women in the lle-de-France received nptiraal care (64.8%) more often than
those from the rest of continental France (43.4%.,01). Similarly, maternal deaths were
avoidable more often in lle-de-France (45.1%) telewhere in continental France (35.0%),

although this difference was not statistically gigant (Table 4).

M. Saucedo et al. 9



195 Moreover, among the avoidable deaths, the reasifiesed between lle-de-France and the
196 rest of continental France. Avoidability was rethte “delay in treatment” more often in lle-
197 de-France (37.5%) than in the other continentabrey(26.5%). “Inadequate or insufficient
198 treatment” was the least frequent reason for abdédanaternal deaths in lle-de-France (6.3%)
199 and the leading reason (28.6%) elsewhere (Tablédidyever, these differences were not
200 statistically significant.

201

202 Discussion

203 The risk of postpartum maternal death is clearghbr for women in lle-de-France and in the
204 DOM (French Guyana, Guadeloupe, Martinique anddiela Reunion) than in the other
205 regions of continental France. The excess MM isdhegions was especially high for direct
206 obstetric causes, that is, haemorrhages, pregnatatgd hypertension and amniotic fluid
207 embolisms, and, for the DOM, thromboembolisms adl. wa addition, we observed
208 differences in the quality of care for the womenowdied between lle-de-France and the rest
209 of continental France; unfortunately this analygsiald not be performed in the DOM.

210 These results, suggesting mechanisms of MM tha¢ Imm¢ been explored until now, must
211 nonetheless be considered cautiously in view ofthdy's limitations.

212 The number of maternal deaths is small and gendnadits our statistical power. This is one
213 of the reasons that we chose a geographic divistornthree broad areas. These areas are not
214 homogeneous in terms of demographic, geographic emmhomic characteristics. lle de
215 France, the highly urbanized region around thetah@nd the DOM located in tropical and
216 subtropical areas, each have a specific profilee dther regions of continental France are
217 diverse, to the point that combining them creatssra of national average. Nonetheless, the
218 legislation and regulations, especially relatechéalth and health care, are common to the

219 entire country. Clinical information could not bellected for 25% of the potentially

M. Saucedo et al. 10
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postpartum maternal deaths identified by the ENCNbecause the local clinicians did not
participate. The only available data were thus ¢hos the death certificate. These deaths
therefore could not be included in the analyseslinmg either the women's obstetric
characteristics or the quality of their care. Nbwedtss, this would induce bias only if the
deaths that could not be investigated differedature from the deaths for which information
could be collected, or if they were distributedeliéntly between lle-de-France and the rest of
continental France. The distribution by region ninvestigated cases did not differ from that
of the cases that were studied. Moreover, the wamage, and nationality did not differ
between the 2 groups, nor did the distributionh® tauses of death (results not shown).
Accordingly, the cases studied provide an acceptabmple that accurately reflects all the
maternal deaths.

The limited number of individual covariables, inrgeular socio-economic characteristics,
included in the analysis is also a limitation. Nibredess two important known risk factors —
age, which is a primordial factor in terms of riek death, and nationality — could be
considered for all the women [8-10, 16].

The clinical characteristics (parity, hospitalipati during pregnancy, and emergency
cesarean) are not especially refined, but theybsanonsidered as a proxy for the mother's
health status, during pregnancy and, to some exedelivery. Residual confounding cannot
be excluded, in particular educational level, ineoftt7], obesity [18], or inadequacy of
prenatal care [19]. The regional environment, irtipalar the socio-economic context, such
as thedeprivation index [20], working and commuting conditions, especiathnsportation to
the different health-care facilities where womemgimibe seen according to their health status,
have not been studied because this type of infoomavas not available. A different study
protocol would be required to take them into ac¢oun

We will discuss lle-de-France and the DOM sepayatel

M. Saucedo et al. 11
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The maternal age in lle-de-France, higher on awetlagn in the rest of France did not explain
the excess MM - older women being at higher risklghg [10, 16, 21]- nor did the higher
proportion of women from foreign countries, priraly sub-Saharan Africa [8, 22], in this
region. The persistence of excess postpartum ntgytafter adjustment for relevant clinical
characteristics, suggests that this is not explhimgy the prevalence of obstetrical
complications; in addition, though the attractiieeet of lle-de-France medicalization does
exist, our study population included only women vgave birth in their region of residence
to excludereferral bias.

The heterogeneity between regions in the qualityané provided by the healthcare system is
another explanation of the regional variations iMNI'his hypothesis is especially interesting
in that the causes of death for which there isgaiicant excess risk in lle de France are
direct obstetric causes, in particular postpartuaenmorrhages and complications of
pregnancy-related hypertension.

The experts' judgment about the quality of caregdaon a meticulous reconstruction of each
maternal death, shows that suboptimal care was megeent in Ille-de-France than in the
other regions of continental France. This resulghhiseem paradoxical, given the high
density in this region of specialized centers afigra very high level of care and especially
the significantly higher proportion of level 3 matiy units [14]. It appears to contradict the
results of a US study that showed that the dewsisyich specialized centers was significantly
and inversely associated with the MM rate [12]. sThesult must not be immediately
interpreted as a demonstration of poor performdrycthe obstetric care system, it must be
considered only as a warning signal of possiblg&tpate care.

For a more complete judgment, we would need to khow all severe complications were
handled by the system. Only a prospective populdiesed study of severe maternal

morbidity can provide such a judgment. The datanfrour study about the reasons for

M. Saucedo et al. 12
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suboptimal care provide markers extremely usefullesigning such a study. The fact that
"delay in intervention" and "missed diagnosis" werare frequent among the maternal deaths
considered avoidable in lle-de-France, where thighdst excess risk is for death from
complications of hypertension and then from posymar haemorrhages suggests that a
detailed study of the following factors would beefud: the role of interhospital transfers,
flaws in the continuity of care, potential work ol&ads or inadequate staffing, or both, as
well as the possibility that patients may be negligin seeking care or complying with
prescriptions or other doctors' orders. Delaysadareanay be especially important for these
causes, for which serious complications could lieeiprevented or treated more rapidly
[23].

Insufficient data from the DOM prevented us fronvaakting far in the analysis of excess
maternal deaths, whether related to the womemigalicharacteristics or the quality of care.
It is still more regrettable that we were unablestody these aspects for the DOM, for the
women in these districts are more often multipardwesve fewer prenatal visits and are
hospitalized more often during pregnancy [14]. Nbekess, this first result that maternal
mortality excess in the DOM is not explained by enaal age or nationality attracts attention
to this population and will help to develop studiegused more directly on the local
determinants. Such studies are all the more nagesstnat our results are consistent with the
results of other studies of reproductive healthjclwtshow a poorer health status globally

throughout the DOM [24].

Conclusion
Regional differences in maternal mortality in Franare not explained by individual
characteristics in this study. Although we cannatlede the implication of socio-economic

factors that were incompletely characterized, #imalysis suggests that disparities exist in the

M. Saucedo et al. 13



295 provision of care and flaws in the organizatiorthed healthcare system. The hypotheses that
296 the application of national clinical guidelines mdifer from region to region or that the
297 resources are used or mobilized differently shawal@xplored.
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395

10.- List of tables

396 Table 1. Distribution of characteristics of womer aleliveries among cases and

397

398
399
400

controls.

Cases Controls
(n=328) (n=14878) p value®
Region 328 14878 <0.001
lle-de-France 29.9 21.3
Overseas districts (DOM) 12.8 4.1
Rest of continental France 57.3 74.6
Age 328 14687 <0.001
<25 11.6 19.2
25-34 47.3 64.7
35+ 41.2 16.1
Nationality 328 14469 <0.001
French 80.8 88.0
Foreign 19.2 12.0
Marital status 328 14423 0.4
Married 50.0 524
Not married 50.0 47.6
Work status 286 14212 0.8
Yes 60.8 60.1
No 39.2 39.9
Only continental France® (n=214F (n=14269)
Parity 182 14050 <0. 001
0 21.9 43.3
1-3 63.2 53.8
More than 3 14.8 2.9
Hospitalization during pregnancy 188 13825 <0.001
No 68.6 814
Yes 314 18.6
Hypertensive disorder during pregnancy 187 14112 0.001
No 90.4 95.4
Yes 9.6 4.6
Induced labor 195 14234 <0.001
No 38.5 67.8
Yes 61.5 32.1
M ode of delivery 209 14230 <0.001
Vaginal 38.2 80.4
Caesarean 60.8 19.6
Emer gency caesar ean 208 14010 <0.001
No 47.1 90.2
Yes 52.9 9.8
Preterm delivery 198 14204 <0.001
No 67.2 93.6
Yes (less than 37 wk) 32.8 6.4
Multiple birth 211 14269 0.03
No 96.2 98.2
Yes 3.8 1.8

2For chi2 test.

b |le-de-France and the rest of continental regions,

¢Only postpartum maternal deaths reviewed by th@oNat Committee of Experts
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401 Table 2. Overall and cause-specific postpartum matenortality associated with region, crude angisteéd odds ratios (controlling for socio-
402 demographic factors).
Causes of death Region Cases Controls CrudeOR 95% CI adjusted OR? 95% CI
All causes DOM 42 609 4.1 2.9-57 35 2.4-5.0
lle-de-France 98 3166 18 14-23 16 1.2-20
Rest of continental France 188 11103 1 1
Haemorrhage DOM 17 7.6 4.2-134 6.5 3.6-11.6
lle-de-France 34 2.9 1.8-4.6 2.3 1.4-37
Rest of continental France 41 1 1
Amniotic fluid embolism pom 5 3.1 1.2-8.1 2.8 1.1-73
lle-de-France 21 25 14-46 21 1.2-3.8
Rest of continental France 28 1 1
Thromboembolism DOM 4 38 13-113 33 1.1-9.8
lle-de-France 4 0.7 03-2.2 0.6 02-1.9
Rest of continental France 20 1 1
Hypertensive disorders pom 4 66 21-209 56 1.7-17.7
lle-de-France 9 2.9 1.2-6.9 2.7 1.1-6.8
Rest of continental France 11 1 1
Other direct causs  pom 8 61 27-136 52 2.3-11.8
lle-de-France 16 2.3 1.2-44 1.9 1.0-3.7
Rest of continental France 24 1 1
Indirect causes DOM 4 1.1 0.4-3.1 1.0 0.4-2.8
lle-de-France 14 0.8 04-14 0.8 04-13
Rest of continental France 64 1 1
403 Data for the columns for cases and controls anebeus.
404 DOM, overseas districts; OR, odds ratio; Cl, cdefice interval.
405 & Logistic model including maternal age and natitipal
406 ® Complications of anaesthesia, infections and atberplications directly related to pregnancy
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407 Table 3. Overall and cause-specific postpartum matemortality associated with region in continériaance, crude and adjusted odds ratios
408 (controlling for socio-demographic and obstetrictfas).

409
Cases Controls
Rest of continental | - Restof continental | "\ - CrudeOR 95% CI Adjusted OR* 95% Cl

Causes of death France France
All causes 143 (100) 71 (100) 11103 3166 1.7 1.3-23 1.8 1.3-26
Haemorrhage 29 (20.3) 22 (31.0) 2.7 15-46 22 1.2-40
Amniotic fluid embolism 23 (16.1) 13 (18.3) 19 1.0-37 1.8 0.8-3.8
Indirect causes 56 (39.2) 14 (19.7) 0.9 0156 0.7 0.3-1.6
Singleton term deliveriesonly
All causes 78 (100) 49 (100) 10252 2909 2.2 15-3.2 2.3 15-35

Haemorrhage 19 (24.4) 18 (36.7) 3.3 1.8-6.4 28 1.3-59

Amniotic fluid embolism 21 (26.9) 12 (24.5) 20 0412 21 1.0-47

410 Data for the case column are numbers (%).
411 OR, odds ratio; Cl, confidence interval.
412  ®Logistic model including maternal age, nationaljigrity, hospitalization during pregnancy and egeecy caesareans.
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413 Table 4. Expert judgment about the quality of Gard avoidability of postpartum maternal deaths ating to region.

414
Rest of continental
lle-de-France p value
France
General quality of care (N=72) (N=143)
Optimal 19.7 28.6 0.01
Not optimal 64.8 43.4
Could not be determined 15.5 28.0
Avoidability of death according to the experts (N=72) (N=143)
Not avoidable 33.8 49.0 0.1
Avoidablé 45.1 35.0
Could not be determined 21.1 16.0
Reasons (if death was avoidable) (N=32) (N=50)
Delay in treatmenttiferapeutic or intervention 37.5 26.5 0.07
Inadequate or insufficient treatment 6.3 28.6
Medical error 25.0 26.5
Missed diagnosis 21.8 16.4
Negligence of the patient 9.4 2.0
415 & Certainly avoidable or perhaps
416 ®Fisher's exact test
417 Data are %, unless otherwise specified.
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418
419

420

Figure 1.
Map of study sites and corresponding numbers eflivths (LB), France 2001-2006.

—Ile-de-France :1 059 478 LB

Rest of continental France:
3573628 LB

a \. :
A b

. _j Overseas districts (DOM): 196 760 LB
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421  Figure 2

422 Selection of cases and controls.
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426

Figure 3.

Distribution of causes of postpartum maternal degikrcentage by region.
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