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Abstract

Diabetes mellitus is a widely occurring disorder, and obesity is its main feature. As the burden of obesity is increasing steadily, it leads to the increasing 
prevalence of diabetes, as well as of the most common non-communicable diseases. A comprehensive approach for the prevention of obesity appears to 
constitute the most effective intervention to reduce their prevalence worldwide. Numerous measures were applied to treat obesity and prevent its complications, 
of them different types of diet, physical activity, behavioral programs, pharmacologic interventions, and surgical treatments – but all of them have a significant 
degree of dropping-off and weight-regain over time. In this review we highlight pregnancy as a key period in a woman’s life, which can improve compliance 
with these programs and affect the next generation’s health, breaking the vicious cycle of family obesity.

ABBREVIATIONS

DM: Diabetes Mellitus; OECD: The Organization for Economic 
Cooperation and Development; DNA: Deoxyribonucleic Acid; 
CpG: Cytosine-Phosphate-Guanine.

INTRODUCTION

The prevalence of diabetes mellitus (DM) is ever expanding, 
with an emphasis on the industrialized nations. Its prevalence 
varies from 6.8% to 15.3% in the United States, and may be 
even higher in certain societies, depending on race or ethnicity 
[1]. Type 2 diabetes accounts for the large majority of the cases 
(at least in the industrial countries), and its prevalence rises 
markedly when adjusted to degrees of obesity [2].

Obesity is the leading feature in type 2 diabetes, affecting 
nearly all aspects of our life. In addition to its causative role in 
DM, it is a known independent risk factor for respiratory and 
cardiovascular disorders, inflammatory and traumatic injuries of 
bones and joints, infertility, as well as various types of malignancy 
[3].

As the burden of obesity is increasing steadily, it leads to the 
increasing prevalence of diabetes, as well as of the most common 
non-communicable diseases. Between 2017 and 2020 the adult 
obesity prevalence in the United States was nearly 42% [4], and 
in Europe was estimated to be present in almost 60% of the adult 
population [5]. According to OECD’s extrapolations for 2030, the 
percentage of obese people in the United States will exceed 45%, 
and a similar trend is observed in other industrial countries [6]. 

This tendency is more exaggerated in the developing countries 
and appears to be even more prominent in children. 

A comprehensive approach for the prevention of obesity 
appears to constitute the most effective intervention to reduce 
worldwide burden of diabetes and other non-communicable 
diseases, improve quality of life, and reduce the costs of public 
as well as individual healthcare [7]. Herein we review the 
approaches applied to this overall attempt for intervention. In 
the same line of thought we will dedicate a significant part of this 
review to highlight pregnancy as a key moment in a woman’s 
life, which can and should be levered to improve compliance 
with these programs and not less important, affect the next 
generation’s health.

DEALING WITH OBESITY

A myriad of measures and treatments were applied to 
treat obesity and to prevent its complications. The first known 
method for weight reduction is the dietary approach. Most of 
the popular diets have nearly the same effect, allowing minimal 
loss of approximately 5 kg after 6 months, or up to 10 kg after 
a year when the diet restriction is increased [8]. It should 
preferably be followed by exercise, which alone causes very 
modest weight reduction, but combined with diet and behavioral 
change provides nearly 8 kg of mean weight loss [9]. There are 
also medications used for weight reduction – SNRIs, enteric 
lipase inhibitors, GLP-1 receptor analogues, all of which led to 
substantial weight reduction when compared to placebo [8]. 
The most extreme weight-loss treatment is bariatric surgery – 
starting from adjustable laparoscopic band (12-15% basic weight 
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loss) through sleeve gastrectomy (18-19% basic weight loss) to 
gastric bypass techniques (25% basic weight loss) [9].

Not surprisingly, the more aggressive the intervention 
the more complications it can inflict. Most patients cannot 
withstand strict diet for a long time due to adverse effects such as 
constipation, halitosis, headaches, muscle cramps, and weakness 
[10]. Additionally, some patients return to forbidden foods as 
the diet leads to increased rates of depressive mood, or lack of 
satisfaction with the weight-loss degree [11]. Most pharmacologic 
treatments also cause adverse effects, especially gastrointestinal 
symptoms such as nausea, bloating, and change in bowel 
habits [12]. Bariatric surgery is a leader here too, starting from 
postoperative complications, which are much more common in 
obese patients, all the way through micronutrient deficiencies, 
gastroesophageal reflux to dumping syndrome. All the latter 
require correction with a wide range of dietary supplements and 
strategies, which may be even sometimes unsuccessful [4]. All 
these complications impact the patients’ compliance as well as 
the durability of the effect [13].

There is a strong familial predisposition to body habitus. 
Worldwide people know that there is a family doom to become 
either lean or obese, and whatever one does, when it is stopped, 
one returns to one’s family habitus. This doom is not so mistic and 
vague, it indeed relies on family genetics. However, intrauterine 
environment, infant nutrition, domestic consumption habits and 
activity habits, which are all humanly caused, are significant 
contributors.

GENETICS OF OBESITY

The investigation of genetic origins of obesity started with 
mice research and reversed transcription of the leptin gene in 
early 1990s [14]. Today we are aware of more than a hundred 
genes involved in the determination of the obesity phenotype. 
Generally, there appear to be three groups among these known 
genes: expressed mostly either in the neural tissue, or in the 
adipose tissue or even in different tissues but moderating 
the functions of the first two groups. There are some specific 
syndromes with obesity as their main feature, such as Prader-
Willy syndrome, which has a specific gene linkage (so called 
monogenic obesity), but there are much more genes which are 
involved in a very complex structure predisposing to obesity in 
conjunction with environmental circumstances [15]. So, in most 
cases obesity can be defined as a multifactorial disorder, even on 
the level of inheritance.

INTRAUTERINE ENVIRONMENT

Pregnancy is an Achilles tendon of chronic disorders. 
Pregnant women see their health providers more frequently than 
non-pregnant women or men, which gives doctors, midwives 
and nurses an opportunity to consult their patients about 
necessary nutrients, types of physical activity and use of different 
medications. A pregnant woman is usually more motivated to 
adopt healthy lifestyle, minding the health of the future baby. 
Additionally, occupational regulations and private pregnancy 

insurance programs help patients to free up enough time for 
lifestyle changes.

And still, it’s better to overcome obesity before getting 
pregnant. During pregnancy, being obese increases maternal 
risks for diabetes, hypertensive disorders, thromboembolism, 
restricted or accelerated fetal growth, spontaneous or iatrogenic 
preterm birth, early and late pregnancy loss, cesarean section, 
shoulder dystocia [15]. Obesity after birth delays rehabilitation 
and reduces the chance of successful breastfeeding [16]. On the 
other hand, if the pregnancy is already ongoing, dealing with the 
patient’s obesity can prevent some of the known complications 
[17]. Moreover, ample evidence indicates that aggressive 
maternal obesity treatment can prevent the familial obesity in 
the offspring [18].

Fetal development is programmed by inherited genetics, 
but maternal pathophysiologic processes have a great impact 
on its implementation. Multiple studies demonstrate the known 
relationship between maternal obesity and fetal macrosomia 
[19]. Indeed, leptin and fasting insulin levels are almost doubled 
in obese pregnant women, and their inflammatory markers 
are also substantially elevated [20]. Moreover, vasodilatory 
responses are significantly reduced in obese pregnant women, 
and this effect is inversely related to the levels of inflammatory 
and metabolic markers. These findings can explain not only 
the paradoxical association between obesity and intrauterine 
fetal growth restriction and preeclampsia [21][19], but also 
endothelial vascular programming of the future adult life. Animal 
and human studies demonstrated that descendants of obese 
mothers have significantly increased adiposity, insulin resistance 
and consequently glucose intolerance in infancy, as well as 
childhood, adolescent and adult life [22-24]. The noxious effect 
reveals itself not only in case of pregestational obesity but also in 
case of excessive weight gain during pregnancy [25].

Additional studies link obesity during pregnancy to children’s 
asthma and atopic features [26] and child neuro development 
[27].

THEORY OF EPIGENETICS

Not only the genetic code itself impacts results of the gene 
expression. To be transcribed the genetic code must be accessible 
for the cellular transcription mechanism at the desired moment 
for the necessary period. This function is managed by histones – 
proteins which make the DNA conformation compact differently 
at different places and time periods. Methylation of the histones 
at key positions change their conformation, modifying the 
window of specific gene transcription at the desired moment. The 
process of histone methylation is a part of a phenomenon known 
as epigenetics. The key feature of the epigenetic gene status is its 
amenability for change, so the effect persists if the intervention 
continues, and vice versa [28]. In the case of obesity, �changes 
in lifestyle and glycemic control are associated with different 
methylation pattern of cytosine-phosphate-guanine (CpG) sites 
in specific genes [29,30].
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Epigenetic effects on the fetus during pregnancy have lifelong 
consequences. In this, the development of adipose tissue is 
influenced by different genes during specific periods of pregnancy 
[31,32], and there is no other opportunity to get back to the gene 
that already fulfilled its developmental role. Thus, the effect 
started during pregnancy is irreversible for the next generation 
who is developing in a woman’s uterus. That is why pregnancy 
is a unique window of opportunity to break the vicious cycle of 
family obesity. 

Interventional research in obesity prevention started with 
estimating glucose metabolism in animal offspring. Studies in 
ewe dams reveal optimized glucose clearance in calves, whose 
mother received strictly normal nutrition during early pregnancy, 
compared with dams whose mother fed excessively [33]. And in 
human research of diabetes, optimizing maternal lifestyle and 
glycemic control led to improved patterns of neonatal glycemic 
level and body composition [34], and later infant weight-for-age 
z-scores [35]. At the tissue and cellular level, it was found that 
the methylation changes observed in infants affected by maternal 
gestational diabetes were reduced by the studied pregnancy 
lifestyle intervention [36]. Even when diabetes was excluded, the 
hazardous effect of maternal obesity on neonatal and childhood 
parameters was attenuated by controlling gestational weight 
gain [22].

The above described the results of corrective intervention 
during pregnancy, but maybe the effect can be even greater 
when the intervention will have taken place before conception? 
This proposition, mentioned earlier, in the context of preventing 
pregnancy complications may come true here. Kral in his 
consequetive earlier studies demonstrated that extensive weight 
loss following bariatric surgery reduces obesity rates in children 
who were followed for up to 18 years [37].

Numerous additional studies were performed to prove that 
maternal lifestyle intervention can impact obesity and other 
health risk factors in the offsping [38-40], but only a small 
number could actually prove the difference [22]. That was 
because obesity is still a multifactorial phenomenon. Not only 
is the prepregnancy and pregnancy lifestyle important, but also 
infant nutrition components, domestic consumption and activity 
habits and occupational activity norms are. The most important 
effect of preventing obesity is the reduction of its complication 
rate, namely incidence of diabetes mellitus, cardiovascular 
disease, sleep apnea, pathologic fractures and numerous others. 
Therefore, the main outcome for all of the studies mentioned 
above only reveals itself after a generation or two pass.

But we already know that prenatal lifestyle intervention for 
overweight pregnant women is not associated with increased 
costs [41], so it should be promising to use health-promoting 
programs which possibly are associated with some degree of cost 
effectiveness for our descendants. 

CONCLUSION

In conclusion, pregnancy is a miraculous period, when 

increased motivation combined with widened opportunities can 
break the vicious cycle of intergenerational obesity and prevent 
its future complications. Educating future mothers in order to 
resolve their medical and psychosocial problems will be cost-
effective via improving individual health as well as their offspring.
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