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ABSTRACT

Objectives To investigate in singleton term pregnancies
(=37 weeks gestation) if applying optimal gestational weight
gains (optGWG) on our population could have an effect on the
incidence of late-onset preeclampsia (LOP).

Design 18.5-year-observational cohort study (2001-2019).
Settings Centre Hospitalier Universitaire Hospitalier Sud
Reunion’s maternity (French overseas department, Indian
Ocean), the only maternity providing services to take care

of all preeclamptic cases in an area with approximately 360
000 inhabitants.

Main outcomes and measures Simulation rates of LOP
between women achieving optimal versus inappropriate
GWG (insufficient and excessive) in the non-overweight,
overweight and class I-lll obesity categories.

Results Among 66 373 singleton term pregnancies with a
live birth, and 716 LOP (=37 weeks, LOP37), the GWG could
be determined in 87% of cases. In a logistic regression
model validating the independent association of optGWG,
maternal ages and body mass index (BMI), primiparity,
smoking habit, chronic hypertension with term preeclampsia,
optGWG reduced the risk of LOP37, aOR 0.74, p=0.004.
Primiparity, higher maternal BMI, chronic hypertension

and higher maternal age increased the risk of LOP37. The
‘protective’ effect of optGWG appeared stronger in patients
with overweight and obesity in a linear manner: 0.57%
versus 1.07% (OR 0.53, p=0.003), overweight; class | obese
(30—34.9 kg/m?), 0.70% vs 1.56% (OR 0.44, p=0.01); severe
obesity (>35 kg/m?) 0.86% vs 2.55% (OR 0.33, p=0.06).

All patients with overweight/obesity together, OR 0.42,
p<0.0001.

Conclusions Overweight and obesity may not result in a
higher risk of developing LOP at term when a optGWG is
achieved. The results of this large retrospective population
cohort study suggest that targeted and strictly monitored
interventions on achieving an optGWG might represent an
effective method to reduce the rate of LOP and would have
the potential to halve its rate in women with overweight/
obesity. These findings suggest a potentially achievable
pathway to actively counterbalance the morbid effects of
high BMIs, so we solicit adequately powered prospective
trials.

INTRODUCTION
Worldwide obesity among adults has nearly
tripled since 1975 according to the Global

! Gustaaf Dekker,> Malik Boukerrou,® Brahim Boumahni,’

Strengths and limitations of this study

» 18-year population-based study of all preeclamptic
cases in a vast area (island population).

» University, level 3 hospital is the only maternity ser-
vice to care and deliver all preeclamptic cases in the
South of Reunion island.

» Observational study of a large cohort of women (66
373 singleton term births and 716 preeclamptic
term pregnancies).

» The cohort of pregnant women with overweight/
obesity studied represented a significant part of the
whole population.

» Retrospective population study that allowed obser-
vations based on associations.

Health Observatory of the WHO," with 39%
of women=18 years being overweight or
obese. Being overweight or obesity represents
a definite risk for pregnancy complications
like hypertensive disorders, gestational
diabetes mellitus, (iatrogenic) preterm birth,
delivery complications and poor neonatal
outcome. The British National Health Service
does not recommend losing weight during
pregnancy as there is a lack of evidence that
losing weight during pregnancy may reduce
the risk of complications,” in line with official
Institute of Medicine (IOM) 2009 (US IOM)
recommendations,?’ but there is no consensus
on what represents optimal gestational weight
gain (OptGWG) during pregnancy.

We have previously demonstrated* that
there is a linear association between prepreg-
nancy maternal body mass index (ppBMI),
gestational weight gain (GWG) and birth
weight. On the basis of this linear associa-
tion, a formula was developed to identify the
ideal individual ‘optimal GWG’ for each preg-
nant woman (allowing a window of +2 kg).*
Using the same population data set,” we also
demonstrated that high ppBMI (overweight
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and obesity class I to III) was associated with late-onset
preeclampsia (=34 weeks of gestation, LOP, n=1096 cases)
in a linear progressive fashion (R 0.93) while early-onset
preeclampsia (<34 weeks gestation, EOP, n=491 cases)
was not (R? 0.14). LOP represents the vast majority of
cases of the disease (90% in high-income countries and
approximately 70% in medium-low income countries).®”
Therefore, we sought to investigate in our comprehen-
sive epidemiological population perinatal database if
women with an OptGWG" (from a birth weight perspec-
tive) would also have lower rates of LOP compared with
women with an ‘inadequate GWG’. As the formula we
proposed has been established for term pregnancies (37
weeks onward),! only term preeclamptic women were
selected for this study (‘LOP37’).

MATERIAL AND METHODS
The hospital records of all women giving birth at the mater-
nity of the University Hospital South Reunion Island from
1 January 2001 to 30 June 2019 were abstracted in a stan-
dardised fashion. The study sample was drawn from the
hospital perinatal database which prospectively records
data of all mother—infant pairs since 2001. Information
is collected at time of delivery and at infant hospital
discharge and then regularly audited by appropriately
trained staff. This perinatal data base contains informa-
tion on obstetrical risk factors, description of delivery and
maternal and neonatal outcomes. For the purpose of this
study, records have been validated and used anonymously.
All pregnant women in Reunion Island (as part of the
French National Health Care System) have prenatal visits,
periodic blood tests and ultrasound scans, and anthropo-
logical characteristics recorded in a maternity booklet.
Preeclampsia, gestational hypertension and eclampsia
were diagnosed according to the definition issued by
the International Society for the Study of Hypertension
in Pregnancy relatively to the guidelines in force at the
year of pregnancy. EOP is defined when diagnosis is
made before 34 weeks of gestation while LOP manifests
at >34 weeks.” Because OptGWG has been assessed for
term pregnancies —37 to 42 weeks,* only women who went
to develop LOP and delivered at term (LOP37) were
selected.

Design and study population

The maternity department of Saint Pierre hospital, a
tertiary care centre with about 4300 deliveries per year
(about 80% of all deliveries of the Southern area of
Reunion Island) is the only level-3 maternity. The other
maternity unit, a level 1 private hospital, is not allowed to
manage and deliver preeclamptic pregnancies. Reunion
Island is a French overseas region in the Southern Indian
Ocean. The entire pregnant population has access to
maternity care free of charge as provided by the French
healthcare system, combining freedom of medical prac-
tice with nationwide social security. Prenatal system is
based on scheduled appointments (nine prenatal visits

and four ultrasounds on average) starting from 6 to 8 (see
below) weeks of gestation

Definition of exposure and outcomes

Booking BMI (ppBMI) was obtained at the first antenatal
visit (average 6-8 weeks). Weight is measured at arrival
in labour ward. In case of imminent delivery (<10% of
cases), the documented weight during the last antenatal
visit prior to birth was used for calculations.

Primary outcome
We arbitrarily created five categories of GWG using the
published formula (-1.2 ppBMI (kg/m2)+42 + 2 kg)*
defined in our population of Reunion Island:
» Optimal GWG range: opt GWG=2 kg.
» Insufficient GWG
- Moderately insufficient: OptGWG minus 3 to 9 kg.
- Severely insufficient: OptGWG minus 10 kg and
below.
» Excessive GWG
- Moderately excessive: OptGWG plus 3 to 9 kg.
- Severely excessive: OptGWG plus 10 kg and over.

Statistical analysis

Data are presented as numbers and proportions (%) for
categorical variables and as mean and SD for continuous
variables, as appropriate. Comparisons between groups
were performed using % test and OR with 95% CI. Paired
t-test was used for parametric and the Mann-Whitney U
test for non-parametric continuous variables. P values
<0.05 were considered statistically significant. Epidemio-
logical data were recorded and analysed with the software
EPILINFO V.7.1.5 (2008, CDC Atlanta, OMS), EPIDATA
V.3.0 and EPIDATA Analysis V.2.2.2.183 (Denmark).

Multiple regression was used to validate the indepen-
dent association of maternal age and other confounding
factors with LOP37. Variables associated with term
preeclampsia in bivariate analysis known to be associated
with the outcome in the literature were included in the
model. A stepwise backward strategy was then applied to
obtain the final model. The goodness of fit was assessed
using the Hosmer-Lemeshow test. A p value below 0.05
was considered significant. All analyses were performed
using MedCalc software (V.12.3.0; MedCalc Software’s,
Ostend, Belgium).

We considered the following covariates as possible
confounders in this analysis: maternal BMI by increment
of 5 kg/m?, gestational diabetes, chronic hypertension,
OptGWG (Yes/No), smoking, primiparity and maternal
age by increment of 5 years. We included these variables
and calculated the %? for trend (Mantel extension), the
OR:s for each exposure level compared with the first expo-
sure level.

Patients and public involvement
Patients were not involved in the design and planning of
the study.
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RESULTS

During the 18.5-year period, there were 96 861 births in
the South of the island of Réunion, of which 77 906 deliv-
ered at the university’s maternity (80.4%). The overall
number of cases of preeclampsia was 1842, of which 106
cases occurred in multiple pregnancies. The number of
cases of preeclampsia in singleton pregnancies was there-
fore 1736 with 1203 (69%) of LOP. After excluding fetal
deaths (in utero fetal deaths, medical terminations of
pregnancies =22 weeks) and preterm pregnancies (<37
weeks), the final study population was made of 66 373
normotensive pregnancies and 716 LOP37. In these 66

373 term pregnancies, the GWG (calculated as weight at
delivery minus booking weight) could be calculated in 57
703 pregnancies (86.9%), and in 603 (84.2%) of LOP37
patients.

The main population characteristics are presented in
table 1. Preeclamptic mothers were in average older than
controls (a difference of 0.6 year, 28.3 vs 27.7, p=0.01),
more likely primiparous (OR 1.94, p<0.0001), and to be
single (OR 1.16, p=0.05). Women with LOP had a higher
rate of gestational diabetes mellitus (OR 1.37, p=0.004)
and chronic hypertension (OR 6.6, p<0.0001), and had
a significantly higher BMI (27.4 vs 24.7 kg/m? p<0.0001)

Table 1 Population characteristics
Term
preeclampsia Term controls
(>37 weeks) (>37 weeks) OR
Characteristics n=716 (%) n=66 373 (%) (95% CI) P value
Maternal age (SD) 28.3+7.0 27.7+6.5 Difference 0.01
0.6 year
Parity +£SD 1.1+£1.7 1.28+1.5 0.03
Primiparity 382 (53.4) 24 437 (37.1) 1.94 <0.0001
(1.7 to 2.25)
Women living single 283 (39.6) 23 579 (36.0) 1.16 0.05
(1.0 to 1.35)
Education >10 years 408 (59.2) 36 862 (58.1) 1.06 0.21
Unemployed 479 (66.9) 45 730 (68.9) 0.92 0.12
Origin Reunion Island 590 (82.3) 54 425 (82.2)
BMI (mean+SD, kg/m?) 27.4+7.35 24.7+5.9 Difference <0.0001
n=684 n=63 423 2.7 kg/m?
Obesity >30 kg/m? 217 (31.7) 10908 (17.2) 2.24 <0.0001
(1.9 t0 2.6)
BMI categories <0.0001
<19 (underweight) 82 (11.9) 13 342 (21.0)
20-24 (normal) 233 (34.1) 25502 (40.2)
25-29 overweight 152 (22.2) 13 671 (21.6)
30-34 (obesity ) 104 (15.2) 6671 (10.1)
35-39 (obesity II) 70 (10.2) 2841 (4.5)
>40 (obesity IlI) 43 (6.3) 1396 (2.2)
Smoking 59 (8.3) 8031 (12.1) 0.65 0.001
(0.49 to 0.85)
No of prenatal visits 9.0+2.76 9.0+2.73 NS
No of ultrasonographies 4.7+1.7 4.4+1.7 0.003
Weight gain (kg) 14.3+7.3 12.1+6.2 Difference <0.0001
n=622 n=58 287 2.2 kg
Gestational diabetes 100 (14.3) 7061 (10.8) 1.37 0.004
(1.1 to 1.69)
Chronic hypertension 56 (7.8) 829 (1.3) 6.6 <0.0001
(5.0 to 8.8)
Delivery (weeks) 38.2+1.1 38.9+1.1 Difference <0.0001
0.7 week

Term pregnancies >37 weeks gestation.
BMI, body mass index.
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Table 2 Incidence of term preeclampsia (%): simulation versus observed rates if women had an adequate gestational weight
gain (GWG,) in the same population, Crude ORs.

Non-overweight Overweight

<25 kg/m?2 OR 25-29.9 kg/m?2 OR

n=35 402 95% CI P value n=12 369 95% ClI P value
ORs: 66/7456 0.88 0.17 20/3471 0.53 0.003
Adequate GWG versus (0.88%) versus (0.57%) versus (0.32 to 0.84)
observed rates 276/35 402 133/12 369

(0.77%) (1.07%)

Obese OR P value Severe obese OR P value

30-34.9 kg/m? 95% CI >35 kg/m? 95% CI

n=6019 n=3913
ORs: 8/1134 0.44 0.01 2/233 0.33 0.06
adequate GWG versus (0.7%) versus (0.20 to 0.88) (0.86%) versus (0.04 to 1.2)
observed rates 94/6019 100/3913

(1.56%) (2.55%)

and were more represented in all categories of obesity
(class I-III; p<0.0001). Level of education, rate of unem-
ployment and geographical origin (city vs rural) showed
no significant difference between LOP37 patients and
controls. It is of note that in spite of a shorter average
length of gestation (38.2 vs 38.9 weeks; p<0.0001),
preeclamptic women had a higher GWG on average (14.3
vs 12.1 kg, p<0.0001), and lighter babies (2918 vs 3187
g; p<0.0001). The rate of low birth weight (<2500 g) and
small for gestational age (SGA) neonates was significantly
higher in the LOP group (respectively, OR 4.9 and 2.7;
p<0.0001).

Table 2 provides an overview comparing the rate of
LOP37 in women with OptGWG with women with non-
OptGWG in the different BMI categories. LOP rates in
the different BMI categories and calculated OptGWG
subcategories were reported in table 3.

LOP37 was observed in 0.77% of all non-overweight
women (<25 kg/m? n=35 402 that represented 61% of all
births). It is of note that 62% of women with insufficient
GWG (17 559+4465) showed a LOP rate of 0.4%-0.5%
(OR0.50 and 0.61, p=0.002, as compared with OptGWG),
but with an SGA rate of 20%, as previously published.

The overall observed LOP37 rate in overweight women
(25-29.9 kg/m?, n=12 369, 21% of our study group) was
1.07% while in women with obesity class I (30-34.9 kg/
m?, n=6019, 10.4% of the study population) the overall
observed LOP37 rate was 1.56%. In women with obesity
class II and III (235 kg/m? n=3913, 6.8% of the study
population), the observed LOP37 rate was 2.55%.

In the overweight/obese combined women who
managed to achieve an OptGWG, the LOP37 rate was
0.62% (30/4838 compared with 326/22 246; OR=0. 42
(0.28 t0 0.60), p<0.0001).

Table 4 presents the independent association of
OptGWG with the other major risk factors for LOP37.
Multiple logistic regression model to validate the inde-
pendent association of adequate GWG and other
confounding factors for term preeclampsia was used.
OptGWG and smoking (negative coefficient) showed

a similar protective effect of 0.74. Primiparity, maternal
BMI, chronic hypertension and maternal age increase the
risk. Controlling for all the other factors, ppBMI remains
an independent risk factor (coefficient 0.06, on average
an increase of 6% per increment of 5 kg/m?).

DISCUSSION

The main findings of this study indicate that optimising
GWG might represent an effective method to reduce the
LOP37 rate in women with overweight/obesity. GWG
is closely linked to birth weight. In a previous study, we
derived a mathematical model to calculate optimal GWG
from a birth weight perspective.

In short, we previously demonstrated! that only
women with a normal BMI give birth to neonates with
birth weights followed a normal Gaussian distribution,
that is, with (by definition) 10% SGA and 10% large
for gestational age (LGA) neonates, while lean women
(15-19 kg/m?) had a high rate of 15% of SGA babies
and a very low rate (5%) of LGA newborns. Conversely,
women with morbid obesity (BMI 40-44.9 kg/m?) had
exactly the reverse, 7% SGA and 20% of LGA newborns.*
Further analyses showed that women in the low or high
BMI categories could still achieve a normal (10% SGA
and 10% LGA) birth weight distribution if they managed
to achieve a definite GW: we named this 10% ‘crossing’
point of SGA/LGA newborns the ‘Maternal-Fetal Corpu-
lence symbiosis, MFCS’.* Surprisingly, it turned out that
the trajectory of these ‘crossing’ points for the whole BMI
spectrum followed a straight line, allowing a simple equa-
tion y=ax+ b to define the OptGWG.

The data of the current study demonstrate that women
with overweight and obesity achieving an optimal GWG
almost halve their LOP37 rate. In the overweight group
(BMI 25-39.9 kg/m?), the OR was 0.53 (p=0.003, a 47%
decrease of LOP37); in the obese group (BMI 30-34.9
kg/m?) the OR was 0.44 (p=0.01, 56% decrease); and in
patients with severe obesity (BMI 35 kg/m? and over), the
OR was 0.33 (p=0.06, 67% decrease). The fact that over
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Table 3 Incidence of term preeclampsia (%) per category of adequate or non-adequate gestational weight gain (GWG;
adequate GWG as reference)
Non-overweight Overweight
Differences with adequate <25 kg/m?2 OR 25-29.9 kg/m? OR
weight gain (%) n=35 402 95% ClI P value (%) n=12 369 95% CI P value
—-10 kg and lower 20/4465 (0.4) 0.50 0.003 0/259 - -
(0.3 t0 0.82) (0.0
—3t0 9 kg 97/17 759 (0.5) 0.61 0.002 23/2807 1.4 0.12
(0.45 to 0.86) (0.8)
Adequate GWG+2 kg 66/7456 (0.88) Reference - 20/3471 Reference -
(0.57)
+3 to 9 kg 70/5063 (1.4) 1.57 0.004 58/4604 2.2 <0.0001
(1.1t02.2) (1.3) (1.310 3.7)
10 kg+ 23/679 (3.4) 3.9 <0.0001 23/679 4.6 <0.0001
(2.4 t0 6.3) (3.4) (2.6 t0 8.2)
Differences with adequate Obese OR P value Severe obese OR P value
weight gain 30-34.9 kg/m? 95% ClI >35 kg/m? 95% CI
(%) (%)
n=6019 n=3913
-10 kg and lower 0/65 (0.0) - - 0/13 = =
(0.0)
-3to 9 kg 4/545 (0.7) 1.04 0.47 1/94 1.2 0.43
(1.1)
Adequate GWG+2 kg 8/1134 (0.7) Reference - 2/233 Reference -
(0.86)
+3 to 9 kg 43/2799 (1.5) 2.2 0.02 24/1259 2.2 0.13
(1.07 to 5) (1.9)
10 kg+ 39/1476 (2.6) 3.8 <0.0001 73/2314 3.76 0.02
(1.8 t0 8.8) 3.2 (1.1 to 23)

All women 57 703. Observed incidence of late-onset preeclampsia (LOP): 1.04%: 603/57 703. LOP incidence in all adequate GWG 0.78% (96/12

294).

these 18 year only 21% (12,294/57,703) of women could
be considered to reach an OptGWG during pregnancy
is concerning. It is likely that this is quite similar to what
happens in other parts of the world, since our unit, being
a university maternity, always tried to follow the interna-
tional recommendations, in particular the international

IOM 2009 on GWG.?

For a decade, we have witnessed an ongoing contro-
versy on the ‘optimal’ GWG in the international litera-
ture, with the strongest debates on what to do with women
with obesity, in particular the question whether or not the
IOM advice of a GWG of 5-9 kg for women with obesity is
adequate.”™* The findings of this study and our previous
findings on GWG and normal birth weight distribution

Table 4 Multiple logistic regression model to validate the independent association of adequate gestational weight gain (GWG)

and other confounding factors for term preeclampsia)

Multiple logistic regression for term preeclampsia (>37 weeks)

Coefficient OR 95% ClI P value
Optimal GWG (Yes/no) -0.30 0.73 0.59 to 0.92 0.007
Smoking -0.29 0.74 0.56 to 0.98 0.04
Maternal BMI 0.06 1.06 1.05 to 1.07 <0.0001
(increment of 5 kg/m?)
Gestational diabetes mellitus -0.058 0.94 0.74t01.18 0.61
Chronic hypertension 1.51 4.5 3.3t06.2 <0.0001
Maternal age 0.03 1.03 1.02 to 1.05 <0.0001
(increment of 5 years of age)
Primiparity 1.07 2.9 2.4510 3.48 <0.0001

Optimal GWG and smoking (negative coefficient) have a similar protective effect of 0.74. Primiparity, maternal body mass index (BMI), chronic
hypertension and maternal ages increase the risk. Controlling for all the other factors, maternal prepregnancy BMl is still an independent factor

(coefficient 0.06, increment of 6% per increment of 5 kg/m2).
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indicate that the IOM guidelines are incorrect. Also other
researchers like Kiel et al,'® Marguerison Zilko et al'* and
Oken et al* recommended weight loss in superobese
pregnant women, a concept challenged by Kapadia et al."®
We have put an online calculator accessible for any smart
phone at REPERE.RE (REseau PErinatal REunion), in
three languages (French, Spanish and English),'® and
every reader is invited to validate these findings in their
own populations.

In Reunion Island, we have witnessed the LOP rate
rising year after year since 2000, as we are a country where
obesity is a public health problem (our obesity rate in
women was of 11% in 2001 and 21% in 2018).° In a recent
study on the same population cohort, we demonstrated
that being overweight or obese is primarily a risk factor
for LOP (>34 weeks gestation)’ being by far the main
pattern of the disease (90% in high-income countries, of
which 2/3 37 weeks onward,'” ' and approximately 70%
in medium-low income countries® ”). Optimising GWG
is a hot topic in current perinatology, with a particular
focus on long term maternal and child health. This study
indicates that optimising GWG may represent an effective
strategy to reduce the risk of LOP37.'"?! Further research
is urgently required to identify ways to assist women in
achieving an optimal GWG, with randomised controlled
trials to confirm that such intervention would translate
our findings in a marked reduction in LOP rates.

The strength of our study is the capturing of all peri-
natal outcomes in a population of the area (approxi-
mately 360 000 inhabitants, and 5100 births per year)
in the only level 3 maternity in the area, where we are
sure that all preeclampsia cases were referred to our
hospital during the 18.5-year period. A weakness of this
study is that patients with preeclampsia, especially severe
preeclampsia, tend to have a rapid weight gain over the
last days and weeks prior to diagnosis due to oedema (a
high difference of 2.7 kg, table 1), but this bias should
be the same in the different BMI categories. The other
obvious weakness is the retrospective nature of this study,
demonstrating association and not necessarily causation.

CONCLUSION

Our findings indicate that being overweight or obese
(class I to III) at the beginning of any pregnancy is not by
default associated with increased maternal and perinatal
risks concerning LOP: we may help actively to counter-
balance the morbid effects of high BMIs by individual-
ised counselling on their GWG. This approach urgently
requires adequately powered prospective trials.

Contributors P-YR participated at all the stages of the study (data collection,
analysis, writings, etc). BB participated at the data collection. TH verified all the
epidemiological calculations and participated deeply to the data analysis. GD, MS
and TH expertised the analysis, the text and the final writings (and the English
Language). MB, as the head of the Sud-Réunion University’s maternity, is the
cornerstone of the existence of the perinatal data base made in its department and
being worried by the obesity problem in la Reunion asked for more research on
gestational weight gain.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests None declared.
Patient consent for publication Not required.

Ethics approval This study was conducted in accordance with French legislation.
As per new French law applicable to trials involving human subjects (Jardé Act), a
specific approval of an ethics committee (comité de protection des personnes) is
not required for this non-interventional study based on retrospective, anonymised
data of authorised collections and written patient consent is not needed.

Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement No data are available.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Pierre-Yves Robillard http://orcid.org/0000-0001-8916-9045

REFERENCES

1 NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in
body-mass index, underweight, overweight, and obesity from 1975
to 2016: a pooled analysis of 2416 population-based measurement
studies in 128-9 million children, adolescents, and adults. Lancet
2017;390:2627-42.

2 Denison FC, Aedla NR, Keag O, et al. Care of women with obesity in
pregnancy: Green-top guideline No. 72. BJOG 2019;126:e62-106.

3 IOM. Weight gain during pregnancy: reexamining the guidelines.
Institute of Medicine (US), National Research Council (US), 2009.

4 Robillard P-Y, Dekker G, Boukerrou M, et al. Relationship between
pre-pregnancy maternal BMI and optimal weight gain in singleton
pregnancies. Heliyon 2018;4:e00615.

5 Robillard P-Y, Dekker G, Scioscia M, et al. Increased BMI has a linear
association with late-onset preeclampsia: a population-based study.
PLoS One 2019;14:e0223888.

6 Robillard P-Y, Dekker G, lacobelli S, et al. An essay of reflection:
why does preeclampsia exist in humans, and why are there such
huge geographical differences in epidemiology? J Reprod Immunol
2016;114:44-7.

7 Robillard P-Y, Dekker G, Chaouat G, et al. High incidence of early
onset preeclampsia is probably the rule and not the exception
worldwide. 20th anniversary of the reunion workshop. A summary. J
Reprod Immunol 2019;133:30-6.

8 Tranquilli AL, Brown MA, Zeeman GG, et al. The definition of severe
and early-onset preeclampsia. statements from the International
Society for the study of hypertension in pregnancy (ISSHP).
Pregnancy Hypertens 2013;3:44-7.

9 Kapadia MZ, Park CK, Beyene J, et al. Can we safely recommend
gestational weight gain below the 2009 guidelines in obese women?
A systematic review and meta-analysis. Obes Rev 2015;16:189-206.

10 Beyerlein A, Schiessl B, Lack N, et al. Optimal gestational weight
gain ranges for the avoidance of adverse birth weight outcomes: a
novel approach. Am J Clin Nutr 2009;90:1552-8.

11 American College of Obstetricians and Gynecologists. ACOG
Committee opinion no. 548: weight gain during pregnancy. Obstet
Gynecol 2013;121:210-2.

12 Margerison Zilko CE, Rehkopf D, Abrams B. Association of maternal
gestational weight gain with short- and long-term maternal and child
health outcomes. Am J Obstet Gynecol 2010;202:574.e1-574.€8.

13 Kiel DW, Dodson EA, Artal R, et al. Gestational weight gain and
pregnancy outcomes in obese women: how much is enough? Obstet
Gynecol 2007;110:752-8.

14 Oken E, Kleinman KP, Belfort MB, et al. Associations of gestational
weight gain with short- and longer-term maternal and child health
outcomes. Am J Epidemiol 2009;170:173-80.

15 Kapadia MZ, Park CK, Beyene J, et al. Weight loss instead of weight
gain within the guidelines in obese women during pregnancy:

a systematic review and meta-analyses of maternal and infant
outcomes. PLoS One 2015;10:e0132650.

16 Avec la participation financiére de I’ARS La Réunion. Weight gain
during my pregnancy. Available: https://www.repere.re/infos-parents/

6

Robillard P-Y, et al. BMJ Open 2020;10:036549. doi:10.1136/bmjopen-2019-036549


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0001-8916-9045
http://dx.doi.org/10.1016/S0140-6736(17)32129-3
http://dx.doi.org/10.1111/1471-0528.15386
http://dx.doi.org/10.1016/j.heliyon.2018.e00615
http://dx.doi.org/10.1371/journal.pone.0223888
http://dx.doi.org/10.1016/j.jri.2015.07.001
http://dx.doi.org/10.1016/j.jri.2019.05.003
http://dx.doi.org/10.1016/j.jri.2019.05.003
http://dx.doi.org/10.1016/j.preghy.2012.11.001
http://dx.doi.org/10.1111/obr.12238
http://dx.doi.org/10.3945/ajcn.2009.28026
http://dx.doi.org/10.1097/01.aog.0000425668.87506.4c
http://dx.doi.org/10.1097/01.aog.0000425668.87506.4c
http://dx.doi.org/10.1016/j.ajog.2009.12.007
http://dx.doi.org/10.1097/01.AOG.0000278819.17190.87
http://dx.doi.org/10.1097/01.AOG.0000278819.17190.87
http://dx.doi.org/10.1093/aje/kwp101
http://dx.doi.org/10.1371/journal.pone.0132650
https://www.repere.re/infos-parents/le-suivi-de-ma-grossesse/weight-gain-during-my-pregnancy.html?L=968%27%5B0%5D

le-suivi-de-ma-grossesse/weight-gain-during-my-pregnancy.html|?L= mass index categories: a population-based cohort study from 2013
968%27%5B0%5D to 2017. J Perinat Med 2019;47:585-91.

17 Huluta |, Panaitescu AM. Prediction of preeclampsia developing at 20 Santos S, Voerman E, Amiano P, et al. Impact of maternal
term. Ginekol Pol 2018;89:218-21. body mass index and gestational weight gain on pregnancy

18 Durst JK, Tuuli MG, Stout MJ, et al. Degree of obesity at delivery complications: an individual participant data meta-analysis
and risk of preeclampsia with severe features. Am J Obstet Gynecol of European, North American and Australian cohorts. BJOG
2016;214:651.e1-651.e5. 2019;126:984-95.

19 Premru-Srsen T, Kocic Z, Fabjan Vodusek V, et al. Total gestational 21 Comstock SS. Time to change weight gain recommendations for
weight gain and the risk of preeclampsia by pre-pregnancy body pregnant women with obesity. J Clin Invest 2019;129:4567-9.

Robillard P-Y, et al. BMJ Open 2020;10:6036549. doi:10.1136/bmjopen-2019-036549 7


https://www.repere.re/infos-parents/le-suivi-de-ma-grossesse/weight-gain-during-my-pregnancy.html?L=968%27%5B0%5D
https://www.repere.re/infos-parents/le-suivi-de-ma-grossesse/weight-gain-during-my-pregnancy.html?L=968%27%5B0%5D
http://dx.doi.org/10.5603/GP.a2018.0037
http://dx.doi.org/10.1016/j.ajog.2015.11.024
http://dx.doi.org/10.1515/jpm-2019-0008
http://dx.doi.org/10.1111/1471-0528.15661
http://dx.doi.org/10.1172/JCI131932

	Gestational weight gain and rate of late-­onset preeclampsia: a retrospective analysis on 57 000 singleton pregnancies in Reunion Island
	Abstract
	Introduction﻿﻿
	Material and methods
	Design and study population
	Definition of exposure and outcomes
	Primary outcome

	Statistical analysis
	Patients and public involvement

	Results
	Discussion
	Conclusion
	References


