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Abstract
Objective Obesity has significant implications for the health of pregnant women. However, few studies have quantified its
association with maternal mortality or examined the relevant underlying causes and the role of care, although this remains
the most severe maternal outcome. Our objectives were to quantify the risk of maternal death by prepregnancy body mass
index and to determine whether obesity affected the quality of care of the women who died.
Desing This is a national population-based case–control study in France. Cases were 364 maternal deaths from the
2007–2012 National Confidential Enquiry. Controls were 14,681 parturients from the nationally representative 2010 peri-
natal survey. We studied the association between categories of prepregnancy BMI and maternal death by multivariable
logistic regression, estimating adjusted odds ratios and 95% confidence intervals, overall and by specific causes of death.
Individual case reviews assessed the quality of care provided to the women who died, by obesity status.
Results Compared with women with normal BMI, underweight women (<18.5 kg/m2) had an adjusted OR of death of 0.75
(95% CI, 0.42–1.33), overweight women (25–29.9 kg/m2) 1.65 (95% CI, 1.24–2.19), women with class 1 obesity
(30–34.9 kg/m2) 2.22 (95% CI, 1.55–3.19) and those with class 2–3 obesity (≥35 kg/m2) 3.40 (95% CI, 2.17–5.33). Analysis
by cause showed significant excess risk of maternal death due to cardiovascular diseases, venous thromboembolism,
hypertensive complications and stroke in women with obesity. Suboptimal care was as frequent among women with (35/62,
57%) as without obesity (136/244, 56%), but this inadequate management was directly related to obesity among 14/35
(40%) obese women with suboptimal care. Several opportunities for improvement were identified.
Conclusions The risk of maternal death increases with BMI; it multiplied by 1.6 in overweight women and more than tripled
in pregnant women with severe obesity. Training clinicians in the specificities of care for pregnant women with obesity could
improve their outcomes.

Introduction

As obesity (body mass index, that is, BMI, ≥30 kg/m2)
increases in both low- and high-income countries [1], so
does its prevalence in pregnant women. It affects about 20%
of those in England [2] and 25% in the United States [3, 4].
In France, the proportion of parturient women with pre-
pregnancy obesity grew from 7.5% in 2003 to 11.8% in
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2016 [5]. These trends have aggravated concerns about its
associated adverse maternal and neonatal outcomes.

Maternal obesity is a risk factor for pregnancy-related
disorders, including gestational hypertension, pre-
eclampsia, and gestational diabetes [6–8]. The risk of
maternal complications is also increased during the post-
partum period, including postpartum haemorrhage [8, 9],
postpartum infection, and longer post-delivery hospital
stays [10]. Recent studies show that obesity is associated
with severe maternal morbidity [8, 11, 12], but fewer
investigations have explored or quantified its association
with maternal mortality or examined the relevant under-
lying causes of death, although this remains the most
severe maternal outcome [13–15]. Documentation of the
role in this association of these women’s other char-
acteristics and of the quality of care they receive remains
sparse. To prevent these severe outcomes, we must
examine, beyond mortality, whether obesity results in
gaps of treatment of pregnancy complications and if
specific aspects of medical care for these women require
improvement.

Our first aim was to quantify the risk of maternal death
independently associated with prepregnancy obesity, over-
all and by underlying cause of death, after controlling for
individual confounders. Second, and the novelty of our
study, we sought to determine whether their obesity affected
the quality of care of the women who died and identify
opportunities to improve care.

Materials and methods

This population-based case–control study used cases and
controls from nationwide surveys in France.

Cases

Cases came from the French National Confidential Enquiry
into Maternal Deaths (ENCMM, Enquête Confidentielle sur
les Morts Maternelles) [16, 17]. This permanent survey has
studied all deaths since 1996 of women during pregnancy or
within 1 year of its end. The sources used to identify these
deaths and the procedures for investigating and assessing
them have been described in detail [16, 18]. In brief, besides
spontaneous notifications by clinicians, deaths are identified
from three sources: (1) death certificates of women of
reproductive age; (2) computer-based national linkage of
the death register with the birth register, from death and
birth certificates; and (3) hospital discharge databases. Two
assessors (an obstetrician or midwife and an anaesthetist)
conduct a confidential enquiry of each pregnancy-associated
death identified, collecting relevant clinical information
about the woman and her death through interviews and

review of the medical records and autopsy reports. The
ENCMM national expert committee analyses the anon-
ymised deaths and consensually determines for each: (1) its
underlying cause, i.e., the illness or complication triggering
the chain of events until death; (2) whether it was a maternal
death, defined as a woman’s death during pregnancy or
within 1 year of its end, regardless of its duration and site,
from any cause related to or aggravated by the pregnancy or
its management (but not accidental or incidental); and (3)
the quality of care provided (optimal or non-optimal) and
the preventability of maternal deaths. This study includes
maternal deaths identified by the ENCMM for 2007–2012
(the six most recent years available) in mainland France
(n= 441). After the exclusion of 77 maternal deaths before
22 weeks’ gestation (during pregnancy or post-abortion),
for consistency with the definition of controls below, this
analysis included 364 maternal deaths.

Controls

Controls came from a representative sample of births in
France, the 2010 French National Perinatal Survey (NPS), a
repeated cross-sectional study conducted periodically since
1995 to produce statistics about perinatal indicators [19].
These surveys cover all live- and stillbirths at or after
22 weeks of gestation or with a birth weight of at least 500 g
in every maternity unit in France for a complete 1-week
period (1/52nd of births in France). Midwives interview
mothers before discharge to obtain data on maternal social
and demographic characteristics and prenatal care. Data
about the pregnancy, delivery and newborns are collected
from medical records. The 2010 version of the NPS, in the
middle of the 2007–2012 case inclusion period, served as
the source population for the control women in this analysis
(n= 14 681). Its methods have been detailed elsewhere
[19]. By definition, the control group should not include
women who died in the postpartum period. Although it is
possible that some died after discharge, the reported
maternal mortality ratio in France is low enough (10.3/
100,000 live births 2007–2012) to consider the number of
such cases, about one or two expected maternal deaths after
discharge among the 14,681 women, negligible [17].

Ethical approval for both the ENCMM and NPS surveys
was granted by the French Commission on Information
Technology and Liberties.

The primary predictor variable was categorical pre-
pregnancy body mass index (BMI; kg/m2) as underweight:
BMI < 18.5; normal weight: BMI 18.5–24.9; overweight:
BMI 25–29.9; class 1 obesity: BMI 30–34.9; class 2–3
obesity: BMI ≥ 35. BMI was calculated from self-reported
prepregnancy weight and height in the medical records of
cases and controls. BMI categories for class 2 and class 3
obesity were combined because of the small number of
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cases in these groups. The precise BMI for some women
was not available because either weight or height or both
were missing, but the prepregnancy obesity status (yes/no)
was reported from another questionnaire item. The follow-
ing covariates were examined: mother’s country of birth
(France or other European country, North Africa, sub-
Saharan Africa, other), mother’s age (≤24, 25–29, 30–34,
35–39, ≥40 years), educational level of zip-code of resi-
dence (proportion of adults 20–45 years who did not
complete high school, grouped into quintiles based on data
available from the French census) as a proxy for socio-
economic status, severe pre-existing chronic conditions (a
composite binary variable including hypertension, diabetes,
cardiac diseases, and other notable chronic conditions),
previous deliveries (nulliparous, only vaginal deliveries,
one or more caesarean deliveries), multiple pregnancy and
median gestational age (weeks).

Statistical analysis

The characteristics of cases and controls were compared by
chi-square or Wilcoxon tests. The association between
prepregnancy BMI and maternal mortality was assessed by
univariate and multivariable logistic regression models. We
selected potential confounders from the literature and the
univariate analysis and adjusted for them. Pre-existing
chronic conditions were not included in the main adjusted
models because they were considered potential mediators
rather than confounders of the link between obesity and
maternal death [20]. The analysis by causal condition used
the main cause of death, exclusive categorization, deter-
mined by the ENCMM expert committee. To assess the
cause-specific risk of maternal mortality associated with
maternal body mass, we used a binary obesity (yes/no)
exposure variable, because of the limited numbers of
maternal deaths by cause. Crude and adjusted odds ratios
were calculated with 95% confidence intervals. Interactions
between obesity and covariables were systematically tested.

The proportion of women with missing information was
15.9% for obesity status and 33.0% for BMI among
maternal deaths, and 7.0 and 7.5% respectively among
controls. We handled missing values by multiple imputation
with chained equations (10 datasets) on the missing-at-
random hypothesis [21]. The multiple imputation prediction
model was composed of the outcome variable, pre-
pregnancy BMI, maternal age, country of birth, quintile of
zip-code education level, pre-existing chronic conditions,
previous deliveries, multiple pregnancy and duration of
pregnancy. Results are presented with imputed data.

Post-hoc calculations showed that with a significance
level of 5% and obesity prevalence of 10% among controls,
this sample would have >90% power to detect a doubled
risk of death in obese versus non-obese women (OR ≥ 2.0).

We performed several sensitivity analyses. The first
tested the impact of adjusting for severe chronic conditions
before pregnancy together with confounders in the multi-
variate logistic regression model; although we primarily
considered this variable an intermediate factor (see above),
it might also affect maternal risk directly, regardless of
obesity status. Second, we assessed the relevance of the
multiple imputation for missing data and performed an
analysis of the association between BMI and maternal
mortality with non-imputed data.

The second part of the analysis was restricted to women
who died. Here we compared the proportion of suboptimal
care, assessed by the ENCMM expert committee, by obesity
status. To isolate the components of suboptimal care
directly related to obesity, we reviewed each death of an
obese woman with suboptimal care, relying on the
ENCMM committee determinations given the absence of
specific clinical guidelines in France for managing preg-
nancy in women with obesity.

Analyses used STATA 14.0 (StataCorp LP, College
Station, TX, USA).

Results

Compared with controls, cases were more often born out-
side France (or Europe), older, and more likely to have
severe chronic conditions before pregnancy, at least one
previous caesarean delivery and a multiple pregnancy
(Table 1). The distribution of BMI differed significantly
between cases and controls. The proportion of overweight
and obesity was significantly higher among women who
died than among controls (Table 2).

After adjustment for confounders, the risk of maternal
death increased with categories of BMI, with an adjusted
OR of 1.65 for overweight women and of 3.40 for women
with class 2–3 obesity, compared with women with a nor-
mal BMI. The risk in underweight women did not sig-
nificantly differ from that of normal-weight women. The
analysis with non-imputed data provided similar results
(Table S1). The addition of pre-existing medical conditions
as covariates in the multivariable model provided similar
results although the associations were attenuated (Table S2).

We further analysed the risk of cause-specific maternal
mortality associated with prepregnancy obesity. Women
with obesity had a statistically significantly higher risk of
maternal death from cardiovascular disease (CVD), throm-
boembolism, hypertensive complications and stroke, after
adjustment for confounders, compared with non-obese
women (Table 3).

The ENCMM expert committee considered it had suffi-
cient information to judge the quality of care for 306 of the
364 maternal deaths. The proportion of suboptimal care did
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not differ between the obese and non-obese women who
died (35/62, 57%, vs 136/244, 56%, P= 0.9). Among the
35 women with obesity who died after receiving suboptimal
care, this care involved factors related to obesity for 14/35
(40%), 8 with class 1 obesity and 6 with class 2–3. Thes
causes of these 14 deaths were 4 pulmonary embolisms 2
uterine ruptures, 2 amniotic fluid embolisms, 2 cardio-
myopathies, 2 brain anoxia secondary to complicated
endotracheal intubation, 1 sepsis and 1 HELLP syndrome.
Specifically, there were technical difficulties with clinical
examinations or procedures for diagnosis or treatment
(abdominal ultrasound, venous access, intubation,

tracheotomy, extracorporeal membrane oxygenation) and
treatment underdosing (antibiotics, anticoagulants). Table 4
reports these factors. The two vignettes in supplementary
material briefly illustrate some of these factors

Discussion

Principal findings of the study

This national study shows that after adjustment for con-
founders the risk of maternal death increases as BMI

Table 1 Characteristics of
women who died and controls.

Women who died Controls P valuea

n % n %

364 100.0 14,681 100.0

Country of birth (n= 354 and 14,135)

France or other European country 267 75.4 12,094 85.6 <0.001

North Africa 32 9.0 1002 7.1

Sub-Saharan Africa 35 9.9 608 4.3

Other 20 5.7 431 3.1

Age (years) (n= 364 and 14,530)

≤24 42 11.5 2474 17.0 <0.001

25–29 81 22.3 4817 33.2

30–34 102 28.0 4452 30.6

35–39 99 27.2 2279 15.7

≥40 40 11.0 508 3.5

Educational level of zip-code of residence (proportion
of adults 20–45 years who did not complete
high school)
(n= 358 and 14,094)

1st quintile (<36%) 55 15.4 2824 20.0 0.08

2nd quintile (35%–45%) 80 22.3 2835 20.1

3rd quintile (45%–51%) 64 17.9 2853 20.2

4th quintile (51%–57%) 75 20.9 2805 19.9

5th quintile (>57%) 84 23.5 2777 19.7

Severe chronic conditions before pregnancy

Any (n= 313 and 14,318) 96 30.7 529 3.7 <0.001

Hypertension (n= 305 and 14,484) 22 7.23 150 1.0 <0.001

Diabetes (n= 305 and 14,491) 23 7.5 71 0.5 <0.001

Cardiopathies (n= 306 and 14,465) 21 6.9 51 0.4 <0.001

Another notable pre-existing chronic condition
(n= 304 and 14,545)

45 14.8 276 1.9 <0.001

Previous deliveries (n= 311 and 14,410)

No 105 33.8 6302 43.7 <0.001

Yes, only vaginal 117 37.6 6524 45.3

Yes, one or more Caesareans 89 28.6 1584 11.0

Multiple pregnancy (n= 356 and 14,654) 17 4.8 224 1.5 <0.001

Median gestational age (weeks [IQR]) 38.0 [33.0–39.0] 39.0 [38.0–40.0] <0.001

IQR interquartile range.
aChi-square or Wilcoxon test.
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rises, multiplying by 1.6 in women with overweight and
more than tripling in women with severe obesity, com-
pared with normal weight women. This excess risk is
mainly explained by increased maternal mortality due to
CVDs, hypertensive complications, thromboembolism
and stroke. Suboptimal care among the women with
obesity who died often involved inadequate management

directly related to obesity; opportunities for improvement
therefore exist.

Interpretation

Although several studies have addressed the association
between obesity and diverse adverse pregnancy outcomes,

Table 3 Risk of cause-specific
maternal mortality associated
with prepregnancy obesity.

Cause of deatha Women who died
(n= 364)%

Controls
(n= 14,681)%

Crude OR
(95% CI)

Adjusted ORb

(95% CI)

Obese Non-obese Obese Non-obese

All-cause mortality 22.7 77.3 9.8 90.2 2.72 (2.10–3.54) 2.37 (1.81–3.10)

Cardiovascular 33.1 66.9 4.52 (2.35–8.73) 4.55 (2.33–8.87)

Thromboembolism 26.6 73.4 3.30 (1.35–8.06) 2.87 (1.18–6.97)

Hypertensive complication 24.8 75.2 3.04 (1.23–7.50) 2.86 (1.14–7.15)

Stroke 26.2 73.8 3.04 (1.14–8.11) 2.84 (1.06–7.69)

Amniotic fluid embolism 21.7 78.3 2.57 (1.19–5.52) 2.10 (0.97–4.57)

Haemorrhage 20.5 79.5 2.37 (1.12–5.02) 1.79 (0.83–3.86)

Infection 15.8 84.2 1.68 (0.48–5.96) 1.46 (0.40–5.28)

OR odds ratio, 95% CI 95% confidence interval.
aAssessed by the national expert committee, exclusive categorization.
bLogistic regression models adjusted for country of birth, maternal age, parity and previous caesarean
delivery; with multiple imputation for missing data.

Table 2 Risk of maternal
mortality according to
prepregnancy body mass index.

Prepregnancy body mass
index (kg/m2)

Women who died
(n= 364)%

Controls
(n= 14,681)%

Crude OR
(95% CI)

Adjusted ORa

(95% CI)

Underweight (<18.5) 4.01 8.3 0.65 (0.37–1.15) 0.75 (0.42–1.33)

Normal (18.5–24.9) 48.2 64.2 1 1

Overweight (25–29.9) 25.0 17.7 1.88 (1.43–2.47) 1.65 (1.24–2.19)

Class 1 obesity (30–34.9) 13.2 6.8 2.61 (1.83–3.72) 2.22 (1.55–3.19)

Class 2–3 obesity (≥35) 9.5 3.0 4.18 (2.83–6.83) 3.40 (2.17–5.33)

OR odds ratio, 95% CI 95% confidence interval.
aLogistic regression models adjusted for country of birth, maternal age, zip-code education level quintile,
parity including previous caesarean delivery; with multiple imputation for missing data.

Table 4 Specific factors of suboptimal care involving obesity among obese women who died with suboptimal care (n= 14).

Type of obesity-related
suboptimal carea

Description Number of women
concerned

A. Failures in preconceptional
evaluation

Inadequate assessment of concomitant risk of obesity with severe comorbidities 1

B. Inadequate antenatal care Underestimation of clinical signs (tiredness, dyspnoea, pain) systematically and wrongly
attributed to obesity and leading to misdiagnosis of the condition that led to death

6

C. Failures in diagnostic or
therapeutic procedures

Technical difficulties in obese patients: medical imaging procedures, venous access,
endotracheal intubation, extracorporeal membrane oxygenation

8

D. Underdosed treatment Insufficient dose of antibiotics or anticoagulants according to body mass index 5

aNon-exclusive categories.
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evidence for the link with maternal mortality has been
sparse and inconsistent. A California study found pre-
pregnancy obesity more frequent among women who died
than among a reference parturient population (30 vs 16%);
[14] in Florida, relative ratios of maternal death showed a
rising trend with severity of obesity (from a 2.8-fold
increase for class 1 to sevenfold for class 3, compared with
women with normal weight) [22]. Confounders may,
however, have biased these crude associations because
neither study considered any of the women’s other indivi-
dual characteristics. In contrast, a UK national case–control
study assessing risk factors for maternal mortality found
that it was not significantly associated with obesity after
controlling for other individual characteristics, including
pre-existing chronic conditions [23]. Because some
comorbidities are likely consequences of obesity and thus
intermediate rather than confounding factors in this asso-
ciation, their analysis strategy might have masked obesity’s
actual role. Our analysis treated pre-existing chronic con-
ditions as an intermediate factor instead of a confounder,
and our sensitivity analysis, which included severe chronic
conditions before pregnancy in the multivariable model,
showed an attenuated but still significant association
between BMI and maternal mortality.

The risk of maternal mortality from CVD was four times
higher in women with than without obesity. Although the
link between obesity and CVD in the general adult popu-
lation is well known [24–26], an associated increase in
mortality risk is less clear [27, 28]. This issue has been
studied still less among pregnant women. A population-
based study in the state of Washington found a risk of
severe cardiac morbidity three times higher among women
with class 3 obesity than among those without obesity
during hospitalisation for delivery [11]. While this asso-
ciation might indirectly reflect the higher prevalence of
chronic conditions in women with obesity, the excess risk
for cardiovascular mortality remained significant in our
sensitivity analysis after controlling for severe chronic
conditions before pregnancy. This adverse outcome may
reflect a reduced capacity to respond to pregnancy-induced
cardiovascular changes, including cardiovascular com-
pliance and maximum heart rate, among other biological
effects, induced by obesity [29, 30]. In our study, one-third
of the women with obesity who died of CVD had been
diagnosed with it before pregnancy. Risk stratification is
needed for these women before or early in pregnancy,
together with joint management by a cardiologist and an
obstetrician. Inversely, CVD developed or was revealed
during pregnancy or the postpartum for the remaining two-
thirds. This suggests that clinicians involved in antenatal
care of women with obesity must pay particular attention to
screening for cardiovascular clinical signs during pregnancy
and after delivery.

Women with obesity also had a risk almost three times
higher than those without it of maternal death from
thromboembolism, hypertensive complications and stroke.
The incidence of these conditions is known to be increased
in women with obesity [6, 31–33]. Our analysis shows that
this susceptibility persists along the continuum of morbidity
and translates into increased mortality. In addition, factors
related to the quality of care provided to women with
obesity might aggravate this disparity; these include the
adequacy of blood pressure monitoring among women with
obesity or the failure to take body mass into account when
adjusting the dose of thromboprophylaxis.

One original aspect of our study is the case review
conducted to assess care received by women with obesity
and identify opportunities for improvement. This approach
can and should be developed beyond assessing these
women’s risk of severe maternal complications. This
detailed case review suggests that some of these outcomes
might have been prevented by improvement of some
aspects of the care they received during pregnancy and
delivery. Our results, by showing that improvement
opportunities in obese women who died often involve
aspects of care directly related to obesity, highlight the need
to customise their care before and during pregnancy and in
the peripartum period. This has several implications for care
improvement: first, screening for clinical signs suggestive of
cardiac conditions such as dyspnoea should be part of
routine prenatal care in pregnant women with obesity;
second, initial and continuing training of professionals
involved in prenatal care should ensure that they know the
specificities of clinical management of pregnant women
with obesity and help them to anticipate challenging med-
ical procedures (diagnostic, anaesthesiological, or surgical)
and dosing strategies for specific treatments, such as
anticoagulants or antibiotics. Those results provide scien-
tific support to some of the recommendations for care of
women with obesity (such as the recent “Care of Women
with Obesity in Pregnancy” NICE guideline), and also
highlight some aspects not mentioned in those recommen-
dations and that may usefully be added, in particular the
need for careful screening for cardiac clinical signs during
pregnancy and after delivery [34].

Strengths

Several strengths characterised our study. We assessed the risk
of maternal mortality according to BMI class with cases and
controls from nationwide population-based sources providing
comprehensive individual data for pregnant women. The
availability of detailed data on maternal deaths enabled further
analysis of the care these women received so that we could
isolate the aspects of inadequate management directly related
to obesity and propose areas for improvement.
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Limitations

This study has some limitations. First, some maternal BMI
data were missing. Nonetheless, we were able to include all
women in the analysis by using multiple imputation for
missing data, and the results of the sensitivity analysis with
non-imputed data were similar to those with imputed data.
Another limitation, due to case number constraints, was the
need to study obesity with a binary variable, rather than
classes of BMI, in the risk assessment by specific causes of
maternal mortality. Because this binary obesity variable
combines women with underweight, normal weight, and
overweight women in the same reference class, it may result
in underestimating the association studied, but does not
challenge our main conclusions. Additionally, prepregnancy
BMI may be inaccurate because height and weight were
self-reported. Nevertheless, a recent meta-analysis showed
that self-reported weight of women of reproductive age
differs only slightly from direct measures [35]. Finally,
beyond BMI, gestational weight gain, a recently highlighted
risk factor for adverse pregnancy outcomes [36], was not
taken into account in our analysis, because related data were
not available. Nonetheless, a noteworthy study from the
state of Washington did not show any substantial mod-
ification in the associations between BMI and maternal
outcomes after controlling for gestational weight gain [11].

Conclusion

The risk of maternal death increases with BMI. Public
health interventions promoting lifestyle changes for obesity
management remain a major challenge. Identifying mod-
ifiable factors related to the health care provide to women
with obesity might produce a more positive effect. The
opportunities for improvement identified in this study in a
substantial proportion of women emphasise the need for
optimal screening and management of CVD in women with
obesity before and during pregnancy and for training clin-
icians in the specificities of their care.

Acknowledgements We thank the obstetricians, midwives, and
anaesthetists of the French Confidential Enquiry into Maternal Deaths
who collected information for the case reviews and the national centre
for cause-of-death statistics and epidemiology (CépiDc) for assistance
in case identification. We also acknowledge the team and all the
participants of the French National Perinatal Survey. We also thank Jo
Ann Cahn for editorial assistance.

CNEMM study group Dominique Chassard6, Henri Cohen7, Michel
Dreyfus8, Jean-Claude Ducloy9, Irina Guseva-Canu10, Jean-Pierre
Laplace11, Véronique Le Guern12, Sylvie Leroux13, Estelle Morau14,
Claire Rondet15, Mathias Rossignol16, Véronique Tessier17, Éric Ver-
spyck18, Philippe Weber19, Laurent Zieleskiewicz20

6Department of Anesthesia and Intensive Care, Femme Mère Enfant
Hospital, Hospices Civiles de Lyon, Lyon, France; 7Department of
Obstetrics and Gynecology, Institut Mutuliste Montsouris,
Paris, France; 8Department of Obstetrics and Gynecology, CHU de
Caen, Caen, France; 9Department of Anesthesia, Hôpital privé Ville-
neuve d’Ascq, Villeneuve d’Ascq, France; 10Non-communicable dis-
eases and trauma division, Santé publique France, Saint-
Maurice, France; 11Department of Obstetrics and Gynecology, Poly-
clinique Bordeaux Nord Aquitaine, Bordeaux, France; 12Centre de
Référence Maladies Auto-Immunes et Systémiques Rares, Service de
Médecine Interne Pôle Médecine, Hôpital Cochin, AP-HP,
Paris, France; 13Department of Obstetrics and Gynecology, Centre
Hospitalier Annecy-Genevois, Annecy, France; 14Department of
Anaesthesia, CHU de Nimes, Nimes, France; 15Centre for Epide-
miology on Medical Causes of Death (CépiDc-Inserm), Le Kremlin-
Bicêtre, France; 16Department of Intensive Care, Hôpital Lariboisière,
Assistance Publique Hôpitaux de Paris, University of Paris,
Paris, France; 17DHU Risques et Grossesse, Maternité Port Royal,
Hôpitaux Universitaires Paris Centre, Hôpital Cochin, AP-HP,
Paris, France; 18Department of Obstetrics and Gynecology, CHU de
Rouen, Rouen, France; 19Department of Obstetrics and Gynecology,
Centre Hospitalier de Mulhouse, Mulhouse, France; 20Département
Anesthésie-Réanimation, Assistance publique-Hôpitaux de Marseille,
Hôpital Nord, Marseille, France

Funding The French Confidential Enquiry into Maternal Deaths was
funded by the French National Public Health agency (Santé Publique
France) and the French National Institute of Health and Medical
Research (Inserm). The French National Perinatal Survey was funded
by the Ministry of Health

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

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

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license, and indicate if
changes were made. The images or other third party material in this
article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not
included in the article’s Creative Commons license and your intended
use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright
holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Ng M, Fleming T, Robinson M, Thomson B, Graetz N, Margono
C, et al. Global, regional, and national prevalence of overweight
and obesity in children and adults during 1980–2013: a systematic
analysis for the Global Burden of Disease Study 2013. Lancet.
2014;384:766–81.

2. Heslehurst N, Rankin J, Wilkinson JR, Summerbell CD. A
nationally representative study of maternal obesity in England,

Understanding maternal mortality in women with obesity and the role of care they receive: a national. . .

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


UK: trends in incidence and demographic inequalities in 619 323
births, 1989–2007. Int J Obesity. 2010;34:420–8.

3. Branum AM, Kirmeyer SE, Gregory EC. Prepregnancy body mass
index by maternal characteristics and state: data from the birth
certificate, 2014. Natl Vital Stat. 2016;65:1–11.

4. Deputy NP, Dub B, Sharma AJ. Prevalence and trends in pre-
pregnancy normal weight - 48 States, New York City, and District
of Columbia, 2011–2015. MMWR Morbidity and Mortality
Weekly Report. 2018;66:1402–7.

5. Blondel B, Coulm B, Bonnet C, Goffinet F, Le Ray C. National
Coordination Group of the National Perinatal STrends in perinatal
health in metropolitan France from 1995 to 2016: results from the
French National Perinatal Surveys. J Gynecol Obstet Human
Reproduct. 2017;46:701–13.

6. O’Brien TE, Ray JG, Chan WS. Maternal body mass index and
the risk of preeclampsia: a systematic overview. Epidemiology.
2003;14:368–74.

7. Guelinckx I, Devlieger R, Beckers K, Vansant G. Maternal obe-
sity: pregnancy complications, gestational weight gain and nutri-
tion. Obes Rev. 2008;9:140–50.

8. Schummers L, Hutcheon JA, Bodnar LM, Lieberman E, Himes
KP. Risk of adverse pregnancy outcomes by prepregnancy body
mass index: a population-based study to inform prepregnancy
weight loss counseling. Obstet Gynecol. 2015;125:133–43.

9. Knight M, Kurinczuk JJ, Spark P, Brocklehurst P. Extreme obe-
sity in pregnancy in the United Kingdom. Obstet Gynecol.
2010;115:989–97.

10. Heslehurst N, Simpson H, Ells LJ, Rankin J, Wilkinson J, Lang R,
et al. The impact of maternal BMI status on pregnancy outcomes
with immediate short-term obstetric resource implications: a meta-
analysis. Obesity Rev. 2008;9:635–83.

11. Lisonkova S, Muraca GM, Potts J, Liauw J, Chan WS, Skoll A,
et al. Association between prepregnancy body mass index and
severe maternal morbidity. JAMA. 2017;318:1777–86.

12. Siddiqui A, Azria E, Howell EA, Deneux-Tharaux C, Group ES.
Associations between maternal obesity and severe maternal mor-
bidity: findings from the French EPIMOMS population-based
study. Paediatr Perinat Epidemiol. 2019;33:7–16.

13. Campbell KH, Savitz D, Werner EF, Pettker CM, Goffman D,
Chazotte C, et al. Maternal morbidity and risk of death at delivery
hospitalization. Obstet Gynecol. 2013;122:627–33.

14. Main EK, McCain CL, Morton CH, Holtby S, Lawton ES.
Pregnancy-related mortality in California: causes, characteristics,
and improvement opportunities. Obstet Gynecol. 2015;125:938–47.

15. Heyl PS, Sappenfield WM, Burch D, Hernandez LE, Kavanaugh
VM, Hill WC. Pregnancy-related deaths due to pulmonary
embolism: findings from two state-based mortality reviews.
Matern Child Health J. 2013;17:1230–5.

16. Saucedo M, Deneux-Tharaux C, Bouvier-Colle MH. Ten years of
confidential inquiries into maternal deaths in France, 1998–2007.
Obstet Gynecol. 2013;122:752–60.

17. Deneux-Tharaux C, Saucedo M. Epidemiology of maternal mor-
tality in France, 2010–2012. Gynecol Obstet Fert Senol. 2017;45:
S8–21.

18. Deneux-Tharaux C, Saucedo M. Enhanced system for maternal
mortality surveillance in France, context and methods. Gynecol
Obstet Fert Senol. 2017;45:S3–7.

19. Blondel B, Lelong N, Kermarrec M, Goffinet F. Trends in peri-
natal health in France from 1995 to 2010. Results from the French

National Perinatal Surveys. J Gynecol Obstet Biol Reprod.
2012;41:e1–15.

20. Ananth CV, Schisterman EF. Confounding, causality, and confu-
sion: the role of intermediate variables in interpreting observational
studies in obstetrics. Am J Obstet Gynecol. 2017;217:167–75.

21. White IR, Royston P, Wood AM. Multiple imputation using
chained equations: Issues and guidance for practice. Stat Med.
2011;30:377–99.

22. Hernandez LE, Sappenfield WM, Harris K, Burch D, Hill WC,
Clark CL, et al. Pregnancy-related deaths, Florida, 1999–2012:
opportunities to improve maternal outcomes. Matern Child Health
J. 2018;22:204–15.

23. Nair M, Knight M, Kurinczuk JJ. Risk factors and newborn out-
comes associated with maternal deaths in the UK from 2009 to
2013: a national case-control study. BJOG. 2016;123:1654–62.

24. Dowd JB, Zajacova A. Long-term obesity and cardiovascular,
inflammatory, and metabolic risk in U.S. adults. Am J Prevent
Med. 2014;46:578–84.

25. Gregg EW, Cheng YJ, Cadwell BL, Imperatore G, Williams DE,
Flegal KM, et al. Secular trends in cardiovascular disease risk
factors according to body mass index in US adults. JAMA.
2005;293:1868–74.

26. Ortega FB, Lavie CJ. Introduction and update on obesity and car-
diovascular diseases 2018. Progr Cardiovasc Dis. 2018;61:87–8.

27. Shah R, Gayat E, Januzzi JL Jr., Sato N, Cohen-Solal A, diSomma
S, et al. Body mass index and mortality in acutely decompensated
heart failure across the world: a global obesity paradox. J Am
College Cardiol. 2014;63:778–85.

28. Lavie CJ, McAuley PA, Church TS, Milani RV, Blair SN. Obesity
and cardiovascular diseases: implications regarding fitness, fat-
ness, and severity in the obesity paradox. J Am College Cardiol.
2014;63:1345–54.

29. Hall ME, George EM, Granger JP. The heart during pregnancy.
Revista espanola de cardiologia. 2011;64:1045–50.

30. Alpert MA, Omran J, Bostick BP. Effects of obesity on cardio-
vascular hemodynamics, cardiac morphology, and ventricular
function. Curr Obesity Reports. 2016;5:424–34.

31. Larsen TB, Sorensen HT, Gislum M, Johnsen SP. Maternal
smoking, obesity, and risk of venous thromboembolism during
pregnancy and the puerperium: a population-based nested case-
control study. Thrombosis Res. 2007;120:505–9.

32. Abdul Sultan A, West J, Tata LJ, Fleming KM, Nelson-Piercy C,
Grainge MJ. Risk of first venous thromboembolism in pregnant
women in hospital: population based cohort study from England.
BMJ. 2013;347:f6099.

33. Poorolajal J, Jenabi E. The association between body mass index
and preeclampsia: a meta-analysis. J Maternal fetal Neonatal Med.
2016;29:3670–6.

34. Denison FC, Aedla NR, Keag O, Hor K, Reynolds RM, Milne A,
et al. Care of women with obesity in pregnancy: green-top guideline
No. 72. BJOG: Int J Obstet Gynaecol. 2019;126:e62–106.

35. Seijo M, Minckas N, Cormick G, Comande D, Ciapponi A,
BelizAn JM. Comparison of self-reported and directly measured
weight and height among women of reproductive age: a sys-
tematic review and meta-analysis. Acta Obstet Gynecol Scand.
2018;97:429–39.

36. Platner MH, Ackerman C, Howland RE, Xu X, Pettker CM, Illuzzi
JL, et al. Gestational weight gain and severe maternal morbidity at
delivery hospitalization. Obstet Gynecol. 2019;133:515–24.

M. Saucedo et al.


	Understanding maternal mortality in women with obesity and the role of care they receive: a national case-control study
	Abstract
	Introduction
	Materials and methods
	Cases
	Controls
	Statistical analysis

	Results
	Discussion
	Principal findings of the study
	Interpretation
	Strengths
	Limitations

	Conclusion
	Compliance with ethical standards

	ACKNOWLEDGMENTS
	References




