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Abstract- The author wishes to enlarge an important current debate among obstetricians trying to
sensitize specialists of obesity/endocrinology/nutrition, and make them aware of a possible very
important debate: having a “normal shaped” baby (neither too small, nor too big, 10% of SGA,
small for gestational age and 10% of LGA, large for gestational age), is possible by an optimal
gestational weight gain (optGWG) during pregnancy. This is a simple mathematical linear
equation, y= ax+b (y being optimal gestational weight gain, optGWG, x being pre-pregnancy
body mass index, ppBMI). Beginning with severe obesity (36 kg/m²), women should not gain
weight during their pregnancy, while they should lose weight in higher BMIs (e.g. losing 6 kg for a
40 kg/m² morbid obese). This is predictable since the first trimester of pregnancy.
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Conclusion: The pregnancy-strategy to convince obese

women with the paramount motivation of the good of their
babies has to be attempted. Besides actively counter
balancing morbid effects of high BMIs in pregnancies (and,
importantly for the future of mankind, by avoiding a lot of
macrosomic and LGA newborns), should imply new habits in
women’s future lives afterwards.
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optGWG (kg) = -1.2 ppBMI (Kg/m²) + 42 ± 2kg [4].
optGWG being optimal gestational weight gain. ppBMI
being pre-pregnancy BMI.
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eople with obesity worldwide has become a major
challenge in this 21st century with an apparent
irresistible rise of this epidemic since the 1970’s
[1,2]. Nowadays, it is evaluated that obese people (≥ 30
kg/m²) represent some one billion inhabitants (out of
seven) on this planet [1,2]. Women (probably
comprising more than 50% cases of total obesity cases)
are particularly affected and this problem has become a
major challenge for obstetric care [3]. But we may
consider that pregnancy in obese women can be one of
the best possibility of management and counselling: all
pregnant women are prone to a monthly follow-up
during 9 months. This kind of intense follow up and
dialogue rarely exists in humans’ lives and, there, we
may have a major public health leverage of action.
We have recently shown that “There is a
peculiar phenomenon: two separate individuals (mother
and foetus) have a mutually interactive dependency
concerning their respective weight” [4]. Based on the
simple axiom: “what is the optimal gestational weight
gain at term (optGWG) to achieve the natural rate of
10% of SGA (small for gestational age) as well as 10%
of LGA (Large for gestational age) in newborns in my
population”.
Considering crude results on a reproductive
population, only women with a normal BMI (20-24.9
kg/m²) seem to achieve a “natural” equilibrium in the
newborns’ SGA/LGA risk (both 10%). Very thin mothers
have a higher risk of small for gestational age (SGA,
until 25% of births) infants, and rarely give birth to a
large for gestational age (LGA) infant. While morbidly
obese women often give birth to LGA (until also 20-25%
of births), and rarely to SGA. This equilibrium in the
SGA/LGA risk (both 10%) is materialized geometrically
by a crossing point: we proposed to call this crossing
point the Maternal Fetal Corpulence symbiosis (MFCS)
[4]. We have shown also that this MFCS point could
exist in all women with an adequate gestational weight
gain adapted to the maternal pre-pregnancy BMI. The
optimal gestational weight gain (optGWG) to achieve
this goal is a mathematical linear equation, y= ax+b:
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Abstract- The author wishes to enlarge an important current
debate among obstetricians trying to sensitize specialists of
obesity/endocrinology/nutrition, and make them aware of a
possible very important debate: having a “normal shaped”
baby (neither too small, nor too big, 10% of SGA, small for
gestational age and 10% of LGA, large for gestational age), is
possible by an optimal gestational weight gain (optGWG)
during pregnancy. This is a simple mathematical linear
equation, y= ax+b (y being optimal gestational weight gain,
optGWG, x being pre-pregnancy body mass index, ppBMI).
Beginning with severe obesity (36 kg/m²), women should not
gain weight during their pregnancy, while they should lose
weight in higher BMIs (e.g. losing 6 kg for a 40 kg/m² morbid
obese). This is predictable since the first trimester of
pregnancy.
We have previously shown by a mathematical
simulation on 59,000 singleton term pregnancies that we could
lower by 35/40% major complications like caesarean sections,
late onset preeclampsia, and the harmful incidence of
macrosomic babies (over 4 kg). After delivery, these women
would further lose additional 5-10 kg (baby, placenta, amniotic
fluid), and have a significant weight loss as compared with
their ppBMI. This very encouraging achievement (along with a
9-month dialogue with health workers) should also trigger
behavioural changes later in these women.
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We
concluded
then:
“IOM-2009
recommendations are adequate for normal and overweighted women but not for thin and obese women: a
thin woman (17 kg/m²) should gain 21.6 ± 2 kg (instead
of 12.5-18). An obese 32 kg/m² should gain 3.6 kg
(instead of 5-9). Very obese 40 kg/m² should lose 6 kg.”
[4] See Table 1.
We have put an online calculator consultable on
smart phone at REPERE.RE (REseau PErinatal
REunion), in three languages (French, Spanish and
English) [5], adapted to the Reunionese women. We
encourage any reader to validate these findings
adapted to their own populations (it is easy to do if you
know the specific SGA/LGA curves of your term -37-42
weeks gestation- newborns).
I.

The Controversies on Gestational
Weight Gain. [4]

Knowing the optimal gestational weight gain
(GWG, from conception to birth) among the annual 135
million of human pregnancies is considered to be one of
the “Holy Grails” to achieve for maternity health care
providers and for women themselves. Extensive literature
exists on the subject with, in background, the current
international cornerstone which is the 2009-IOM
recommendations [6] based on the WHO-BMI
classification standardized in 2000 [7]: Since then a lot of
controversies aroused on these recommendations, for
example Asian people claim that their women are leaner
than
Caucasians,
and
that
the
International
recommendations are too low. On the other hand, for
obese women, the major controversies concerns the
debate if severe and morbid obese women should lose
weight during their pregnancy [8-14] (our results suggest
that it should be the case, see Table 1). We already
extensively discussed these controversies in another
paper [4].
II.

Lowering Important Maternal/fetal
Morbidities by Achieving an Optimal
Gestational Weight Gain (optGWG)

We have recently retrospectively tested the effect
of achieving optGWG (± 2kg) in our reunionnese
population by a mathematical simulation on a 18 -year
(2001-2018) [15] and 19-year historical cohort. (20012019) [16] on 57,000, and then 59,000 term pregnancies.
Achieving an optGWG in overweight-obese women should
on the mother side almost halve the incidence of
preeclampsia (major complication of human pregnancies,
hypertension plus proteinuria) [15,16,17], diminish by
some 30% the rate of caesarean sections and probably
lower the rate of gestational diabetes mellitus (GDM) [16].
For newborns, while reaching a 10% rate of large for
gestational age (the very definition of the linear equation),
it would lower by 30 to 40% the rate of the harmful
© 2021 Global Journals

macrosomic babies (≥ 4 kg), prone to neonatal
complications, and following morbidities in later life
(cardiovascular diseases, obesity, type 2 diabetes,
metabolic syndrome etc…) as well as tranfers of these
babies in neonatal department [16]. Besides having
significant health (and cost) benefits by lowering all these
maternal/foetal complications, such interventions should
convince and induce major changes of behaviour in these
women during their pregnancies.
III.

Physicians and Health Workers’
Future Dialogue with
Overweight/obese Women

Obese pregnant women being somewhere
“captive” of a 9-month follow-up management of the
problem may be caught at the root. First of all, and very
important: our calculator [5] does not classify women in
“guilty
categories”
(underweight/normal
weight/
overweight/obese class I/obese class II or III). It simply
counsels to each single woman (considered simply as a
single plot on a curve) a personal goal of gestational
weight gain to possibly achieve to have a “newborn in
good shape” (neither too small, nor too big) since the first
prenatal visit in the first trimester of pregnancy.
Women as they attempt to navigate pregnancy
in a food environment that favors over-consumption of
unhealthy foods and a world where the demands of life
limit the amount of time available for physical activity.
Therefore, it is well-known how it is difficult to make
obese people losing weight (diet counselling, physical
exercises etc…[2, 18-19 ]). We propose that the
perspective to have a “newborn in good shape” may be
that time highly motivating to women with obesity. If we
take the example of a severe obese 36 kg/m² (see Table
1), she should not take any pound or kilogram during
her pregnancy. After delivering the baby (and the
placenta), she would lose some 10-15 kg as compared
to her basic state before pregnancy. We have shown
recently that very severe obese should even lose weight
during their pregnancy [21]. These two very
encouraging achievements (“good-shaped baby” and
personal loss of weight) would probably motivate these
women to extend the new behaviours acquired during
pregnancy.
IV.

Conclusion

Being overweight/obese may not have to result
in a higher risk of developing important maternal/fetal
morbidities by establishing targeted and strictly
monitored interventions on adequate GWG. We have
certainly
an achievable
pathway to actively
counterbalance the morbid effects of high BMIs; an
approach urgently requiring adequately powered
prospective trials. Lowering by 30-40% such major
complications like caesarean sections, late onset
preeclampsia, and, concerning newborns the harmful

References Références Referencias
1.

2.

3.

4.

5.

6.

7.
8.

9.

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(10113):
2627-2642. doi: 10.1016/S0140-6736(17)32129-3.
Dai H, Alsalhe TA, Chalghaf N, Riccò M, Bragazzi
NL, Wu J. The global burden of disease attributable
to high body mass index in 195 countries and
territories, 1990-2017: An analysis of the Global
Burden of Disease Study. PLoS Med. 2020 Jul 28;
17(7): e1003198. doi: 10.1371/journal.pmed.
1003198. PMID: 32722671; PMCID: PMC7386577.
Szewczyk Z, Weaver N, Rollo M, Deeming S,
Holliday E, Reeves P, Collins C. Maternal Diet
Quality, Body Mass Index and Resource Use in the
Perinatal Period: An Observational Study. Nutrients.
2020 Nov 17; 12(11):3532. doi: 10.3390/
PMID:
33213030;
PMCID:
nu12113532.
PMC7698580.
Robillard PY, Dekker G, Boukerrou M, Le Moullec N,
Hulsey TC. Relationship between pre-pregnancy
maternal BMI and optimal weight gain in singleton
pregnancies. Heliyon. 2018; 4(5): e00615. doi:
10.1016/j.heliyon.2018.e00615.
Gestational weight gain calculator (English version)
on smart phone. REPERE.RE (Reseau Perinatal
REunion).
https://www.repere.re/infos-parents/lesuivi-de-ma-grossesse/weight-gain-during-mypregnancy.html?L=968%27%5B0%5D English.
IOM. Weight gain during pregnancy: reexamining
the Guidelines. Institute of Medicine (US), National
Research Council (US), Committee to Reexamine
IOM Pregnancy Weight Guidelines, 2009.
WHO. Obesity: Preventing and Managing the Global
Epidemic Report of a WHO Consultation; 2000.
0512-3054 (Print) 0512-3054 (Linking).
Comstock SS. Time to change weight gain
recommendations for pregnant women with obesity.
J Clin Invest. 2019. pii: 131932. doi:
10.1172/JCI131932.
Kapadia MZ, Park CK, Beyene J, Giglia L, Maxwell
C, McDonald SD. Can we safely recommend
gestational weight gain below the 2009 guidelines in
obese women? A systematic review and metaanalysis. Obes Rev. 2015;16(3):189-206.

© 2021 Global Journals

Year

No fundings

10. American
College
of
Obstetricians
and
Gynecologists. ACOG Committee opinion no. 548:
weight gain during pregnancy. Obstet Gynecol
2013; 121:210-212.
11. 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(6):
574.e1-8.
12. Kiel DW, Dodson EA, Artal R, Boehmer TK, Leet TL.
Gestational weight gain and pregnancy outcomes in
obese women: how much is enough? Obstet
Gynecol. 2007; 110(4):752-8.
13. Oken E, Kleinman KP, Belfort MB, Hammitt JK,
Gillman MW. Associations of gestational weight gain
with short- and longer-term maternal and child
health outcomes. Am J Epidemiol. 2009; 170(2):
173-80.
14. Kapadia MZ, Park CK, Beyene J, Giglia L, Maxwell
C, McDonald SD. Weight Loss Instead of Weight
Gain within the Guidelines in Obese Women during
Pregnancy: A Systematic Review and MetaAnalyses of Maternal and Infant Outcomes. PLoS
One. 2015; 10(7):e0132650. doi: 10.1371/
15. Robillard PY, Dekker G, Boukerrou M, Boumahni B,
Hulsey T, Scioscia M. Gestational weight gain and
rate of late-onset preeclampsia: a retrospective
analysis on 57 000 singleton pregnancies in
Reunion Island. BMJ Open. 2020 Jul 28; 10(7):
e036549. doi: 10.1136/bmjopen-2019-036549.
16. Robillard PY, Dekker GA, Boukerrou M, Boumahni B,
Hulsey TC, Scioscia M. The urgent need to optimize
gestational weight gain in overweight/obese women
to lower maternal-fetal moribidities: a retrospective
analysis on 59,000 singleton term pregnancies.
Archives Women Health Care. 2020; 3(3):1-9.
17. Robillard PY, Dekker G, Scioscia M, et al. Increased
BMI has a linear association with late-onset
preeclampsia: A population-based study. PLoS
One. 2019; 14(10):e0223888. 2019. doi:10.1371/
journal.pone.0223888
18. Casu L, Gillespie S, Nisbett N. Integrating nutrition
and physical activity promotion: A scoping review.
PLoS One. 2020 Jun 5; 15(6): e0233908. doi:
10.1371/journal.pone.0233908. PMID: 32502158;
PMCID: PMC7274388.
19. Astbury NM, Albury C, Nourse R, Jebb SA.
Participant experiences of a low-energy total diet
replacement programme: A descriptive qualitative
study. PLoS One. 2020 Sep 8; 15(9):e0238645. doi:
10.1371/journal.pone.0238645. PMID: 32898176;
PMCID: PMC7478843.
20. Papastefanou I, Nowacka U, Syngelaki A, Dragoi V,
Karamanis G, Wright D, Nicolaides KH. Competingrisks model for prediction of small-for-gestationalage neonates from estimated fetal weight at 19-

33

Global Journal of Medical Research ( ED ) Volume XXI Issue III Version I

incidence of macrosomic newborns (over 4 kg) is of
paramount importance. For the good of their babies, it is
quite sure that, this time, obese women would be
compliant to new behaviours (and perhaps follow them
later on after delivery).
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IOM 2009 recommendations seem to be inadequate for underweight women, and on the other side for
obese, beginning at 32 kg/m². Especially, from 36 kg/m² and upward, women should LOSE weight for this
pregnancy.
We have validated this linear curve until 40-41 kg/m², as we did not had in our cohort enough morbid obese
women (over 40 kg/m²). Moreover, and especially, we had not enough women who had actually lost weight during
their pregnancy to test it (if we extrapolate this curve, a woman with a pre-pregnancy BMI of 45 kg/m² should lose 12
kg).
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Table 1: Comparisons between the current international recommendations for gestational weight gain (IOM 2009),
and the linear equation. Being a linear equation, each woman may be considered as a single plot, and the
calculations are then individualized.

MATERNAL CORPULENCE
(PRE-PREGNANCY BMI)

GESTATIONAL WEIGHT GAIN (GWG)
IOM 2009 RECOMMENDATIONS []

Underweight women
< 18.5kg/m²

12.5-18 kg

Normal weight women
18.5-24.9 kg/m²

11.5-16 kg

Overweight women
25-29.9 kg/m²

7-11.5 kg

Obesity class I
30-34.9 kg/m²

5-9 kg

Obesity class II
35-39.9 kg/m²

5-9 kg

Obesity class III
Over 40 kg/m²
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5-9 kg

PROPOSED LINEAR MODEL
To have “normally shaped
newborns”[3]
22.8 kg (16 kg/m²)
21.6 kg (17 kg/m²)
20.4 kg (18 kg/m²)
19.2 kg (19kg/m²)
18 kg (20 kg/m²)
16.8 kg (21 kg/m²)
15.6 kg (22kg/m²)
13.2 kg (24 kg/m²)
12.1 kg (24.9 kg/m²)
12.0 kg (25 kg/m²)
10.8 kg (26 kg/m²)
8.4 kg (28 kg/m²)
7.2 kg (29 kg/m²)
6.0 kg (30 kg/m²)
4.8 kg (31 kg/m²)
3.2 kg (32 kg/m²)
2.4 kg (33 kg/m²)
1.2 kg (34 kg/m²)
0 kg (35 kg/m²)
Minus 1.2 kg (36 kg/m²)
Minus 2.4kg (37 kg/m²)
Minus 3.6 kg (38 kg/m²)
Minus 4.8 kg (39 kg/m²)
Minus 6 kg (40kg/m²)
Minus7.2 kg (41 kg/m²)

