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al have recently extended these results by finding 
a 29% increased risk of hospital admission for a 
cardiovascular event in the adult offspring of obese 
mothers compared with the offspring of mothers with 
normal BMI.76 Likewise, the former exhibit a 35% 
increased risk of premature death from any cause, 
compared with the latter.76

Other pathophysiological mechanisms 
linking maternal obesity to increased 
cardiometabolic risk in offspring 

Both animal and human studies have suggested a 
number of mechanisms, apart from hyperinsulinaemia 
and hyperleptinaemia, linking maternal obesity to 
the increased incidence of obesity and cardiometa-
bolic diseases in offspring. In ewes, maternal obesity 
upregulates fatty acid and glucose transporters and 
increases expression of enzymes mediating fatty 
acid biosynthesis in fetal adipose tissue depots.77 
Human studies using magnetic resonance imaging 
have shown that maternal BMI predicts infant in-
trahepatocellular lipid storage, as seen in animal 
models, which implies that maternal obesity may 
predispose the offspring to developing nonalcoholic 
fatty liver, the hepatic manifestation of metabolic 
syndrome.78,79 Furthermore, maternal obesity appears 
to downregulate fetal myogenesis. Skeletal muscle 
is the principal site for glucose and fatty acid utiliza-
tion. Thus, maternal obesity might result in decrease 
of the offspring’s skeletal muscle mass and changes 
of its properties, eventually increasing their risk for 
the development of type 2 diabetes and obesity.80,81 
Regarding the programming of vascular function and 
blood pressure, studies in rats highlighted the presence 
of endothelial dysfunction in the offspring of obese 
mothers, while studies in rodents demonstrated that 
the offspring of obese females develop hypertension 
and increased cardiovascular response to stress due to 
increased sympathetic activity.82 In addition, studies 
in human full-term placentas showed that maternal 
obesity impacts placental fatty acid uptake and could 
therefore modify the fetus metabolism and the child’s 
predisposition to develop diseases later in life.83 Ma-
ternal obesity leads to a lipotoxic placental environ-
ment that is associated with decreased regulators of 
angiogenesis and increased markers of inflammation 
and oxidative stress.84 This environment via in utero 
programming may trigger adaptive pathways which 

ultimately result in increased percentage of body fat 
and propensity for future obesity in the offspring of 
obese women.85

Management of weight during 
pregnancy

As underlined earlier in this review, maternal pre-
pregnancy BMI and gestational weight gain are two 
factors of great importance for pregnancy outcome. 
The increasing prevalence of overweight and obesity 
among women of childbearing age and the rising 
percentage of women gaining too much weight during 
pregnancy necessitated the revision of the Institute of 
Medicine (IOM) guidelines of 1990. In 2009, the IOM 
published new guidelines for recommended weight 
gain during pregnancy according to the maternal pre-
gravid BMI. Thus, IOM recommends a weight gain 
of 12.5-18 kg for women of BMI <18.5 kg/m2, 11.5-
16 kg for women of BMI 18.5-24.9 kg/m2, 7.5-11.5 
kg for women of BMI 25-29.9 kg/m2 and 5-9 kg for 
women of BMI ≥30 kg/m2 (Table 3). The committee 
formulated these guidelines taking into consideration 
not only the welfare of the child but also the health of 
the mother and aiming at optimal pregnancy outcome. 
IOM recommendations provide useful guidance for 
monitoring weight during pregnancy in order to avoid 
fetal and maternal complications.

A different approach regarding weight gain during 
pregnancy has been suggested by a Swedish study of 
298,648 singleton pregnancies conducted by Cedergren 
who proposed that the optimal gestational weight gain 
based on pre-pregnancy BMI was 4-10 kg for BMI 
less than 20 kg/m2, 2-10 kg for BMI 20-24.9 kg/m2, 
less than 9 kg for BMI 25-29.9 kg/m2 and less than 
6 kg for BMI of 30 kg/m2 or more.86

Table 3. IOM 2009 recommendations for total weight gain 
during pregnancy, by pre-pregnancy BMI.53

Pre-gestational BMI  
(kg/m2)

Recommended gestational 
weight gain (kg)

<18.5 12.5-18
18.5-24.9 11.5-16
25-29.9 7.5-11.5

≥30 5-9




