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ABSTRACT
The global rise in obesity and type 2 diabetes has been too rapid to be explained by genetic change alone, 

which points to developmental and environmental contributions to cardiometabolic risk. Metabolic conditions 
during sensitive windows, particularly preconception, pregnancy, and early postnatal life, appear to shape 
long-term metabolic regulation and disease susceptibility. In this narrative review, we synthesise human cohort 
studies, natural experiments, and experimental models, and we translate the resulting evidence into clinical and 
public health practice. Across human cohorts, maternal metabolic disturbances such as gestational diabetes 
and obesity are consistently associated with higher offspring risk of obesity, insulin resistance, and impaired 
glucose regulation, with adjusted estimates commonly between 1.4- and 2.0-fold. Epigenome-wide studies 
report differential DNA methylation in insulin-signalling, adipogenic, and energy-homeostasis pathways, 
lending biological plausibility, and experimental models show that transient early perturbations can durably 
alter metabolic physiology even after diet is later normalised. We read these converging findings as metabolic 
imprinting: relatively stable but potentially modifiable regulatory states, rather than deterministic germline 
inheritance. Set against current guidance from the ADA, FIGO, WHO, USPSTF, and ACOG, the evidence 
supports concrete actions across the reproductive life course, including preconception screening and weight 
optimisation, gestational diabetes screening and glycaemic management, appropriate gestational weight gain, 
and postpartum and offspring follow-up. Preconception and maternal metabolic health therefore emerge as 
practical, high-value targets for reducing the long-term cardiometabolic burden.
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INTRODUCTION
Population genetics alone cannot account 

for the rapid global rise in obesity and related 
metabolic disorders. Obesity prevalence has 
more than tripled in recent decades, and the 
incidence of type 2 diabetes keeps climbing 
across very different settings, which implies that 

environmental and developmental factors are 
central to cardiometabolic risk.1,2,3

Cardiometabolic disease also clusters within 
families and persists across generations, despite 
better health knowledge and public health 
programmes. Longitudinal cohorts repeatedly 
show that offspring of mothers with metabolic 
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disturbances, particularly gestational diabetes 
and obesity, carry a higher risk of obesity, insulin 
resistance, and impaired glucose regulation, 
with adjusted estimates typically 1.3- to 2.0-fold 
above unexposed peers.4,5 Shared adult lifestyle 
alone is an unlikely explanation.

Molecular epidemiology adds plausibility. 
Epigenome-wide studies in mother–child 
cohorts find differential DNA methylation in 
genes governing glucose metabolism, insulin 
signalling, and adipogenesis in offspring 
exposed to adverse maternal metabolic states,6 
pointing to mechanisms that could connect early 
metabolic environments to long-term regulation 
and disease.

Developmental origins of health and 
disease (DOHaD) frameworks stress these 
early environments, yet the implications are still 
poorly integrated into routine cardiometabolic 
prevention.7 Prenatal famine cohorts illustrate 
how early nutrition can leave metabolic traces 
detectable decades later.8 This review uses 

metabolic imprinting as a pragmatic frame that 
draws together experimental, epidemiological, 
and molecular evidence, and, with an eye on 
clinical practice, sets out concrete preventive 
actions across the reproductive life course 
(Figures 1 and 2).

METHODS
We conducted a narrative review of evidence 

linking early-life metabolic exposures to later 
cardiometabolic outcomes. We prioritized 
systematic reviews and meta-analyses, large 
prospective birth and intergenerational cohorts, 
natural experiments such as famine cohorts, 
and experimental models offering mechanistic 
plausibility, and we drew on current clinical 
practice guidelines. Searches of major biomedical 
databases combined terms such as “metabolic 
programming”, “metabolic imprinting”, 
“gestational diabetes”, “maternal obesity”, 
“pregnancy”, “offspring”, “epigenetics”, “DNA 
methylation”, “insulin resistance”, and “type 2 

Figure 1. Sensitive developmental windows and candidate mechanisms of metabolic imprinting. Metabolic exposures during 
preconception, pregnancy, and early postnatal life act through epigenetic regulation, developmental programming of metabolic 
regulatory systems, and gestational (placental, inflammatory, and neuroendocrine) signalling to establish altered metabolic 
set-points. These relatively stable but potentially modifiable states are associated with offspring cardiometabolic outcomes; 
risk remains modifiable across the life course.

PRECONCEPTION
• Parental obesity/dysglycaemia
• Maternal metabolic status
• Paternal metabolic health
• Periconception nutrition

PREGNANCY (in utero)
• Maternal obesity
• Gestational diabetes/hyperglycaemia
• Intrauterine nutrient excess
• Altered placental signalling

EARLY POSTNATAL/INFANCY
• Early overnutrition
• Rapid catch-up growth
• Infant feeding pattern
• Postnatal diet quality

DEVELOPMENTAL AND MOLECULAR MECHANISMS

Epigenetic regulation
• DNA methylation
• Chromatin remodelling 
• Altered gene expression in
  insulin/lipid / adipogenic pathways

Programming of regulatory systems
• Pancreatic b-cell function
• Hypothalamic appetite circuits
• Adipose differentiation
• Hepatic glucose metabolism

Gestational signalling
• Placental nutrient transfer
• Inflammatory pathways
• Neuroendocrine appetite 
  regulation

ALTERED METABOLIC SET-POINTS ("metabolic imprinting") 
Relatively stable, yet potentially modifiable, regulatory states - not DNA sequence change

Typical adjusted risk in human cohorts: ~1.4-2.0-fold

• Obesity / increased adiposity
• Impaired glucose regulation

• Insulin resistance
• Type 2 diabetes/metabolic disease

OFFSPRING CARDIOMETABOLIC OUTCOMES

Sensitive developmental windows and mechanisms of metabolic imprinting
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diabetes”. We emphasised literature from the 
past decade and retained seminal studies where 
foundational.

CONCEPTUAL BACKGROUND: METABOLIC 
PROGRAMMING AND PERSISTENCE

Early metabolic environments may set 
durable physiological “set-points” for appetite, 
insulin sensitivity, energy storage, and adipose 
biology.9,10,11 In fetal and early postnatal life, 
pancreatic beta-cell function, hypothalamic 
appetite circuits, adipose differentiation, 
and hepatic glucose metabolism all mature 
quickly and stay sensitive to metabolic signals, 
so exposures in these windows can shape 
both structure and later regulatory function  
(Figure 1).1,10

Cohort data support persistence. In utero 
exposure to maternal hyperglycaemia is linked to 
impaired glucose tolerance and insulin resistance 
in adolescence and adulthood, commonly 1.4- to 
1.8-fold,4 and maternal obesity tracks with higher 
offspring obesity and metabolic dysfunction.12 
Differential methylation in insulin-signalling, 
lipid-metabolism, and adipogenic genes offers 
one plausible route,6 and some metabolic 
changes after prenatal undernutrition remain 
measurable decades on.8 Persistence here is not 
genetic mutation or fixed inheritance. We use 
“intergenerational persistence” descriptively, 
for continuity of phenotype, since firm evidence 
for germline epigenetic inheritance in humans is 
still limited.

EVIDENCE FROM EXPERIMENTAL MODELS
Experimental work isolates early metabolic 

exposure under controlled conditions. 
Foundational models showed that early metabolic 
disturbance can leave persistent changes in 
offspring insulin sensitivity, glucose metabolism, 
and energy homeostasis,13,14 establishing that 
a transient early exposure can carry long-term 
consequences. Across maternal overnutrition, 
high-fat diet, and metabolic-dysfunction models, 
offspring show higher fasting glucose, lower 
insulin sensitivity, more adiposity, and altered 
energy balance, and these phenotypes frequently 
outlast the exposure, persisting even after diets 
normalise at weaning.15,16

Candidate mechanisms include epigenetic 
regulation (DNA methylation and chromatin 
remodelling), altered gene expression, placental 
signalling, inflammatory pathways, and 
neuroendocrine appetite control.17,18,19 The 
experimental metabolic imprinting model first 
characterised by Vadlamudi and colleagues 
frames these observations well: early exposure 
seems to reset physiological thresholds rather 
than cause immediate disease, and the resulting 
states stay potentially modifiable.13,15 Animal 
data cannot be read straight across to humans, 
but they give a coherent mechanistic basis that 
fits the human cohort patterns.1,20

EVIDENCE FROM HUMAN COHORTS AND 
NATURAL EXPERIMENTS

H u m a n  c o h o r t s  c o n s i s t e n t l y  t i e 
maternal metabolic disturbance to offspring 
cardiometabolic outcomes. Gestational 
diabetes or hyperglycaemia raises offspring 
risk of impaired glucose regulation and insulin 
resistance, often 1.4- to 1.8-fold after adjustment,4 
and epigenome-wide studies find differential 
methylation in insulin-signalling and adipogenic 
pathways in exposed offspring.6

Natural experiments add weight. Prenatal 
famine exposure is associated with higher risk 
of obesity and impaired glucose metabolism 
decades later, varying by gestational timing,8 and 
metabolic-pathway methylation differences have 
been reported long after exposure, consistent 
with sensitive developmental windows.21 
Intergenerational cohorts show parent–offspring 
associations in metabolic traits, though these may 
reflect shared environment, maternal physiology, 
and early conditions rather than confirmed 
germline transmission.22,23 Systematic reviews 
put the increase in offspring obesity and altered 
glucose regulation at roughly 1.5- to 2.0-fold 
with maternal obesity and gestational metabolic 
disturbance,5,12 plausibly through placental 
function and intrauterine signalling.23,20

SYNTHESIS OF CONVERGING EVIDENCE
Table 1 sets representative human findings 

alongside the experimental picture. It is meant 
to show conceptual alignment, not mechanistic 
equivalence or proof of germline inheritance.24
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L I M I T S O F I N T E R P R E TAT I O N A N D 
MODIFIABILITY

Most human evidence is observational, 
so associations cannot prove causation, and 
epigenetic signals may mark exposure or 
downstream processes rather than primary 
causes.22,23 Persistence is also not irreversibility: 
later environments, maternal glycaemic control, 
and clinical care can shift risk, even if reported 
effects on long-term offspring outcomes vary.25,26 
Much of the heterogeneity across cohorts 
likely comes from differences in exposure 
severity, timing, treatment in pregnancy, and 
socioeconomic and postnatal context,27,28 which 
fits reading metabolic imprinting as altered 
susceptibility rather than fixed fate. A workable 
framework should integrate the experimental, 
epidemiological, and molecular strands, explain 
persistent phenotypes, and stay cautious about 
causal and intergenerational claims.

C L I N I C A L  A N D  P U B L I C  H E A LT H 
IMPLICATIONS

A metabolic imprinting lens moves prevention 
upstream, ahead of adult-only lifestyle strategies. 
Diet, activity, and behavioural programmes 
are widely used, yet obesity and metabolic 
disease keep rising, and interventions limited to 
pregnancy or early life tend to have modest or 
uneven long-term effects on offspring,25 which 

fits the idea that programming set before and 
around conception adds to later risk.1 Since 
higher offspring cardiometabolic risk tracks with 
maternal obesity and gestational diabetes,5,12 
maternal metabolic health is a logical, high-
value target, with mechanistic support from 
links between maternal metabolic disturbance, 
placental function, and intrauterine signalling.23,20 
Guidelines increasingly treat care as a continuum 
from preconception to postpartum, and Figure 
2 maps the developmental evidence onto that 
continuum.

Preconception care
Preconception and early gestation look 

especially sensitive,16,28 so preconception care is 
a practical entry point. The American Diabetes 
Association (ADA) recommends screening 
women with prior gestational diabetes for type 
2 diabetes or prediabetes before conception, 
or before 15 weeks if not done earlier, and 
optimising glycaemia before pregnancy.29 
The American College of Obstetricians and 
Gynecologists (ACOG) similarly advises that 
obesity management start before pregnancy 
and continue postpartum.30 The International 
Federation of Gynecology and Obstetrics (FIGO) 
“Think Nutrition First” recommendations 
place adolescent, preconception, and maternal 
nutrition, including folic acid and indicated 
micronutrient optimisation, within a life-course 

Table 1. Conceptual alignment between human metabolic cohort studies and key features of 
experimental metabolic imprinting

Anchor human 
evidence Core human observation Experimental feature 

(conceptual) Conceptual convergence

Gestational diabetes and 
maternal hyperglycaemia 
cohorts4,6

Offspring show higher risk of 
impaired glucose regulation/
insulin resistance; differential 
DNA methylation in metabolic 
pathways.

Early metabolic disturbance 
produces persistent 
susceptibility even after 
later diet normalisation15

Early exposure may 
durably shift metabolic 
regulation without DNA 
sequence change.

Prenatal famine 
cohorts8,21

Increased long-term obesity / 
impaired glucose metabolism; 
timing of exposure matters; 
epigenetic differences persist.

Programming depends 
on critical windows and 
can persist long after 
exposure17,19

Transient early 
environment can influence 
lifelong metabolic 
trajectory.

Intergenerational 
cohorts21,22

Parent–offspring associations 
in metabolic traits / epigenetic 
markers; causality uncertain

Some models show 
multigenerational 
phenotypes without 
mutation19

Human data more 
consistent with 
developmental/
environmental continuity 
than proven germline 
inheritance

Maternal obesity 
cohorts5,12,23

Higher offspring obesity and 
metabolic dysregulation; 
placental/intrauterine signalling 
implicated

Maternal overnutrition 
induces persistent 
metabolic change15

Gestational metabolic 
state may shape offspring 
susceptibility
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approach to intergenerational health.31 Evidence 
that paternal periconception metabolic health 
also affects offspring widens the target beyond 
the mother, though the human mechanisms are 
still being worked out.32,3

Pregnancy
In pregnancy, the US Preventive Services 

Task Force recommends screening for gestational 
diabetes at or after 24 weeks (grade B),33 with 
earlier testing in high-risk or obese pregnancies 
as the ADA and ACOG advise.29,30 When 
gestational or pre-existing diabetes is present, 
medical nutrition therapy, glucose monitoring, 
and pharmacotherapy aimed at pregnancy-
specific glycaemic goals lower maternal and 
neonatal complications.29 Attention to gestational 
weight gain by body-mass-index category30 
and structured nutritional counselling within 
antenatal care34 further support a healthier 
intrauterine environment.

Postpartum and Offspring Follow-up
The postpartum period extends the window 

for prevention. The ADA recommends postpartum 
glucose testing after gestational diabetes and 
lifelong surveillance for type 2 diabetes,29 while 
interpregnancy weight optimisation and family-
based lifestyle support can lower risk in later 
pregnancies and in offspring.35,36 Breastfeeding 
support and tracking of infant growth address 
the early postnatal window that experimental 
models highlight.15

Public Health and Future Clinical Applications
At population level, folding preconception 

and maternal metabolic care into cardiometabolic 
prevention may cut long-term burden, especially 
where metabolic disease and social disadvantage 
cluster together across generations.24,36 A 
developmental, intergenerational framework can 
sharpen prevention by naming the vulnerable 
windows and the points at which to act,1,19 while 
keeping risk modifiable rather than predetermined. 

Figure 2. Translating metabolic imprinting into preventive care across the reproductive life course. Developmental evidence is 
mapped onto a continuum of clinical action spanning preconception, pregnancy, and the postpartum and offspring period, with 
supporting guidance from the ADA (2026), USPSTF (2021), ACOG Practice Bulletin No. 230 (2021), FIGO (2015), and WHO 
(2016). GDM, gestational diabetes mellitus; BMI, body mass index; ANC, antenatal care. The figure summarises guidance for 
orientation; the full source documents should be consulted for graded recommendations.

Translating metabolic imprinting into preventive care across the reproductive life course

PR ECONCEPTION

Screen & optimise glycaemia
Screen for type 2 diabetes/prediabetes. 
especially after prior GDM; optimise control 
before conception

Optimise weight & BMI
Begin obesity management 
before pregnancy; structured nutrition and 
physical-activity counselling.

.
"Think Nutrition First”
Folic acid and micronutrient optimisation 
(iron, iodine, vitamin D as indicated):
 address adolescent and paternal 
metabolic health.

PREGNANCY POSTPARTUM & OFFSPRING

Screen for GDM
Screen for gestational diabetes at or after 
24-28 weeks; consider early testing in 
high-risk/obese pregnancies.

Glycaemic & nutritional therapy 
Medical nutrition therapy, glucose 
monitoring and pharmacotherapy to 
pregnancy glycaemic targets.

Gestational weight & antenatal care
Appropriate gestational weight gain by 
BMI category, nutritional counselling 
within structured antenatal-care contacts.

Postpartum re-evaluation
Postpartum glucose testing after GDM and 
lifelong surveillance for type 2 diabetes: 
cardiometabolic risk review.

Breastfeeding & infant growth 
Support breastfeeding; monitor 
infant growth trajectory and avoid excess 
early weight gain.

Interpregnancy & family prevention
Interpregnancy weight optimisation:
family-based lifestyle support and 
offspring cardiometabolic follow-up 
into childhood.

Continuous, life-course prevention - cardiometabolic risk remains modifiable at every stage

ADA, 2026 - Management of diabetes in pregnancy: preconception screening after prior GDM (test before 15 weeks if not 
done preconception), glycaemic targets, technology use, and postpartum re-evaluation.

USPSTF, 2021 - Screen for gestational diabetes at or after 24 weeks of gestation (grade B).

ACOG Practice Bulletin No. 230, 2021 - Obesity in pregnancy: management begins before pregnancy and continues 
through the postpartum period: gestational-weight-gain targets by BMI category.

FIGO, 2015- "Think Nutrition First": adolescent, preconception and maternal nutrition 
optimisation across the life course.

WHO, 2016- Antenatal care for a positive pregnancy experience: nutritional counselling within structured ANC contacts. 
Guidance is summarised for orientation; readers should consult the full source documents for graded recommendations.

Supporting current clinical guidance
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In practice, this means building brief metabolic-
risk assessment into preconception and antenatal 
visits, adding offspring cardiometabolic follow-
up to routine care for at-risk families, and testing 
whether earlier, sustained action across the 
preconception-to-postpartum continuum yields 
durable intergenerational benefit.

CONCLUSION
Metabolic imprinting gives a biologically 

plausible way to read converging experimental, 
molecular, and epidemiological evidence that 
early-life metabolic environments leave a 
durable mark on metabolic regulation. Human 
cohorts and natural experiments link prenatal and 
early-life exposures to lasting cardiometabolic 
outcomes, and experimental models supply 
mechanistic plausibility for persistent change. 
The frame stresses developmental sensitivity 
and altered susceptibility, not deterministic 
inheritance. For practice and public health, it 
argues for prioritising preconception and maternal 
metabolic health, operationalised through current 
ADA, USPSTF, ACOG, FIGO, and WHO 
guidance across the reproductive life course, 
alongside continued life-course prevention. 
Future work should clarify mechanisms, quantify 
reversibility, and find interventions with durable 
intergenerational benefit.

ACKNOWLEDGMENTS 
The authors used an AI-based language 

tool to assist with English-language editing, 
formatting to the journal style, and preparation 
of the schematic figures. The tool was not used 
to generate study data, source material, or 
scientific conclusions, and received no specific 
funding. The authors reviewed and verified all 
content, including every reference, and take full 
responsibility for the final manuscript.

CONFLICT OF INTERESTS
The authors declare no conflict of interest.

FUNDING

This study received no specific grant from 
any funding agency.

COPYRIGHT LICENCE STATEMENT 
The authors retain copyright of this article 

and grant Acta Medica Indonesiana the right of 
first publication, with the work simultaneously 
licensed under a Creative Commons Attribution 
4.0 International License (CC BY 4.0). This 
licence permits others to share and adapt the 
work, provided the authors and the original 
publication in this journal are appropriately 
credited.

REFERENCES
1.	 Hoffman DJ, Powell RM, Barrett KD. Developmental 

origins of metabolic diseases. Physiol Rev. 
2021;101(3):739-95. doi:10.1152/physrev.00022.2020.

2.	 Cechinel LR, Thomaz ACB, da Silva MM. 
Parental obesity-induced changes in developmental 
programming. Front Cell Dev Biol. 2022;10:821657. 
doi:10.3389/fcell.2022.821657.

3.	 Liao J, Lu D, Reisinger SN, et al. Epigenetic effects 
of paternal environmental exposures and experiences 
on offspring phenotypes. Trends Endocrinol Metab. 
2025;36(1):12-24. doi:10.1016/j.tem.2024.10.004.

4.	 Dieguez AC, Kuang A, Josefson JL, et al. In utero 
exposure to maternal hyperglycemia and offspring 
type 2 diabetes genetic risk score are independently 
associated with risk of impaired glucose tolerance in 
youth. Diabetes Care. 2025;48(3):512-21. doi:10.2337/
dc24-1857.

5.	 Gerede A, Danavasi M, Stavros S, et al. Obesity and 
pregnancy: impact on childbirth timing, delivery mode, 
and maternal recovery: an update. Med Sci (Basel). 
2025;13(3):182. doi:10.3390/medsci13030182.

6.	 Salama OE, Rawal Y, Irabor P, et al. In-utero exposure 
to maternal diabetes and DNA methylation alterations 
in the Next Generation birth cohort. Clin Epigenetics. 
2025;17(1):165. doi:10.1186/s13148-025-01972-3.

7.	 Barker DJP. Fetal origins of coronary heart 
disease. BMJ. 1995;311(6998):171-4. doi:10.1136/
bmj.311.6998.171.

8.	 C h e n g  M ,  C o n l e y  D ,  K u i p e r s  T,  e t  a l . 
Accelerated biological aging six decades after 
prenatal famine exposure. Proc Natl Acad Sci U 
S A. 2024;121(24):e2319179121. doi:10.1073/
pnas.2319179121.

9.	 Hales CN, Barker DJP. The thrifty phenotype 
hypothesis. Br Med Bull. 2001;60(1):5-20. doi:10.1093/
bmb/60.1.5.

10.	 Waterland RA, Michels KB. Epigenetic epidemiology 
of the developmental origins hypothesis. Annu 
Rev Nutr. 2007;27:363-88. doi:10.1146/annurev.
nutr.27.061406.093705.

11.	 Jirtle RL, Skinner MK. Environmental epigenomics and 
disease susceptibility. Nat Rev Genet. 2007;8(4):253-
62. doi:10.1038/nrg2045.



Herry Herman                                                                                               Acta Med Indones-Indones J Intern Med

464

12.	 Kweon JY, Mun H, Choi MR, et al. Maternal 
obesity induced metabolic disorders in offspring and 
myeloid reprogramming by epigenetic regulation. 
Front Endocrinol (Lausanne). 2024;14:1256075. 
doi:10.3389/fendo.2023.1256075.

13.	 Vadlamudi S, Kalhan SC, Patel MS. Persistence of 
metabolic consequences in the progeny of rats fed a 
HC formula in their early postnatal life. Am J Physiol 
Endocrinol Metab. 1995;269(4):E731-8. doi:10.1152/
ajpendo.1995.269.4.E731.

14.	 Hiremagalur BK, Vadlamudi S, Johanning GL, et al. 
Long-term effects of feeding a high-carbohydrate diet 
in the pre-weaning period by gastrostomy: a new rat 
model for obesity. Int J Obes Relat Metab Disord. 
1993;17(9):495-502.

15.	 Schiera G, Macajone G, Volpes S, et al. Maternal 
overnutrition and fetal programming: long-term 
metabolic, cognitive, and epigenetic consequences. 
Cells. 2026;15(4):366. doi:10.3390/cells15040366.

16.	 Jahan-Mihan A, Leftwich J, Berg K, et al. The impact 
of parental preconception nutrition, body weight, 
and exercise habits on offspring health outcomes: 
a narrative review. Nutrients. 2024;16(24):4276. 
doi:10.3390/nu16244276.

17.	 Gharipour M, Craig JM, Stephenson G. Epigenetic 
programming of obesity in early life through 
modulation of the kynurenine pathway. Int J Obes 
(Lond). 2025;49(1):49-53. doi:10.1038/s41366-024-
01647-8.

18.	 Núñez-Sánchez MÁ, Jiménez-Méndez A, Suárez-
Cortés M, et al. Inherited epigenetic hallmarks of 
childhood obesity derived from prenatal exposure 
to obesogens. Int J Environ Res Public Health. 
2023;20(6):4711. doi:10.3390/ijerph20064711.

19.	 Sandovici I, Morais T, Constância M, et al. Epigenetic 
changes associated with obesity-related metabolic 
comorbidities. J Endocr Soc. 2025;9(9):bvaf129. 
doi:10.1210/jendso/bvaf129.

20.	 Andonotopo W, Bachnas MA, Dewantiningrum J, et 
al. Nutriepigenomics in perinatal medicine: maternal 
nutrition as a modulator of fetal gene expression 
and long-term health. J Perinat Med. 2025 Sep 17. 
doi:10.1515/jpm-2025-0289.

21.	 Costi C, Menta G, Fiorito G, et al. The intergenerational 
association of epigenetic modifications between 
mothers and offspring, from birth to adolescence. 
Econ Hum Biol. 2025;58:101509. doi:10.1016/j.
ehb.2025.101509.

22.	 Belton C, Kelsey G. Mediators of maternal 
intergenerational epigenetic inheritance in mammals. 
Epigenomics. 2025;17(12):827-35. doi:10.1080/1750
1911.2025.2525749.

23.	  Louwen F, Kreis NN, Ritter A, et al. Maternal obesity 
and placental function: impaired maternal-fetal 
axis. Arch Gynecol Obstet. 2024;309(6):2279-88. 
doi:10.1007/s00404-024-07462-w.

24.	 Schafte K, Bruna S. The influence of intergenerational 
trauma on epigenetics and obesity in Indigenous 
populations - a scoping review. Epigenetics. 
2023;18(1):2260218. doi:10.1080/15592294.2023.2
260218.

25.	 Philippe K, Teo SM, Perrotta C, et al. Why do 
preconception and pregnancy lifestyle interventions 
demonstrate limited success in preventing overweight 
and obesity in children? A scoping review investigating 
intervention complexity, process evaluation 
components, and author interpretations. Obes Rev. 
2024;25(12):e13822. doi:10.1111/obr.13822.

26.	 Clement NS, Abul A, Farrelly R, et al. Pregnancy 
outcomes in type 2 diabetes: a systematic review and 
meta-analysis. Am J Obstet Gynecol. 2025;232(4):354-
66. doi:10.1016/j.ajog.2024.11.026.

27.	 Li T, Ma X, Ma L. Effects of gestational diabetes 
mellitus on offspring: a literature review. Int J Gynaecol 
Obstet. 2025;171(1):82-93. doi:10.1002/ijgo.70185.

28.	 Hivert MF, Backman H, Benhalima K, et al. 
Pathophysiology from preconception, during 
pregnancy, and beyond. Lancet. 2024;404(10448):158-
74. doi:10.1016/S0140-6736(24)00827-4.

29.	 American Diabetes Association Professional Practice 
Committee. 15. Management of diabetes in pregnancy: 
standards of care in diabetes-2026. Diabetes Care. 
2026;49(Suppl 1):S321-38. doi:10.2337/dc26-S015.

30.	 American College of Obstetricians and Gynecologists. 
Obesity in pregnancy: ACOG Practice Bulletin 
No. 230. Obstet Gynecol. 2021;137(6):e128-44. 
doi:10.1097/AOG.0000000000004395.

31.	 Hanson MA, Bardsley A, De-Regil LM, et al. 
The International Federation of Gynecology and 
Obstetrics (FIGO) recommendations on adolescent, 
preconception, and maternal nutrition: “Think Nutrition 
First”. Int J Gynaecol Obstet. 2015;131(Suppl 4):S213-
53. doi:10.1016/S0020-7292(15)30034-5.

32.	  Eid N, Morgan HL, Watkins AJ. Paternal periconception 
metabolic health and offspring programming. 
Proc Nutr Soc. 2022;81(2):119-25. doi:10.1017/
S0029665121003736.

33.	 US Preventive Services Task Force. Screening 
for gestational diabetes: US Preventive Services 
Task Force recommendation statement. JAMA. 
2021;326(6):531-8. doi:10.1001/jama.2021.11922.

34.	 World Health Organization. WHO recommendations 
on antenatal care for a positive pregnancy experience. 
Geneva: World Health Organization; 2016.

35.	 Mukhtar F. A systematic review of the management of 
maternal obesity in pregnancy: antenatal management, 
outcomes, and long-term implications on maternal 
health. Cureus. 2025;17(7):e87258. doi:10.7759/
cureus.87258.

36.	 Kaza M, Paltoglou G, Rodolaki K, et al. Gestational 
diabetes and obesity: immediate and late sequelae 
for offspring. Children (Basel). 2025;12(9):1263. 
doi:10.3390/children12091263.


