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Abstract: Over the past thirty years, the DOHaD (Developmental Origins of Health and 
Disease) paradigm has radically transformed our understanding of the aetiology of chronic dis-
eases, shifting the focus from genetic determinism to the biological plasticity of early life. This 
perspective converges naturally with Psycho-Neuro-Endocrine-Immunology (PNEI), which in-
terprets the organism not as a collection of isolated systems but as an interconnected network in 
which the nervous, endocrine, immune and metabolic systems engage in constant dialogue with 
the psychosocial environment. 

The intersection of these two approaches reveals pregnancy as the temporal window of maxi-
mum susceptibility and evolutionary opportunity. Within this scenario, the placenta emerges as 
a sophisticated interface organ, capable of translating maternal environmental stimuli — includ-
ing stress signals and adaptive responses — into molecular signals that shape the neurodevelop-
ment, hypothalamic-pituitary-adrenal (HPA) axis and metabolic setting of the offspring. 

In this research landscape, mindfulness-based practices are emerging as promising non-
pharmacological and transdiagnostic interventions. Although scientific evidence has already val-
idated their efficacy in regulating the stress response, autonomic nervous system balance and 
low-grade chronic inflammation, the hypothesis that such modulation may directly influence fe-
tal programming remains an unexplored frontier of considerable clinical potential. 

The present review aims to bridge this gap by offering a critical synthesis that integrates con-
templative neuroscience, polyvagal theory, epigenetics and perinatal medicine. Through the pro-
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posal of an original theoretical model, it explores how maternal neurovegetative regulation — 
analysed in terms of heart rate variability (HRV) and placental communication — may act as a 
systemic determinant of health. From this perspective, mindfulness is redefined not merely as a 
tool for distress reduction, but as an active modulator of salutogenic processes, capable of foster-
ing, from the earliest stages of development, the biological foundations of human resilience. 

 
Keywords: Developmental Origins of Health and Disease (DOHaD), fetal programming; 

mindfulness, heart rate variability (HRV), salutogenesis, placenta. 
 

Introduction 

The Developmental Origins of Health and Disease (DOHaD) paradigm has 
marked a decisive conceptual transition, overcoming genetic determinism in fa-
vour of a dynamic model in which adult health is shaped from the earliest stages of 
development (Barker, 1998; 2004; Gluckman et al., 2008). Barker’s epidemiological 
evidence demonstrated that low birth weight is predictive of chronic diseases in 
adulthood, identifying gestation as a critical window of biological plasticity (Bark-
er, 1990; 1995; Hanson & Gluckman, 2011). Through predictive adaptive responses 
(PARs), the fetus modulates its phenotype in response to maternal signals; howev-
er, a potential developmental mismatch between the prenatal and postnatal envi-
ronment may convert such adaptations into pathological risk factors (Gluckman & 
Hanson, 2005). 

PNEI defines this programming as a systemic phenomenon mediated by bidi-
rectional communication among the nervous, endocrine, immune and metabolic 
systems (McEwen, 1998; 2007; Ader, 2007; Bottaccioli & Bottaccioli, 2017). Pregnan-
cy thus becomes a complex ecosystem in which maternal psychophysiological var-
iables — from inflammation to stress regulation — shape fetal development (Van 
den Bergh et al., 2005; 2015; Glover, 2014; O’Donnell & Meaney, 2017). 

Adopting Antonovsky’s salutogenic perspective, perinatal medicine must 
evolve toward strengthening maternal-fetal resilience mechanisms, moving be-
yond mere pathogenic prevention (Antonovsky, 1979; Hanson & Gluckman, 2011). 
In this context, contemplative neuroscience identifies mindfulness as a systemic 
modulator capable of influencing the HPA axis, heart rate variability, gene expres-
sion and the organisation of neural networks (Kabat-Zinn, 2003; Davidson & 
McEwen, 2012; Tang et al., 2015). Exploring the impact of such practices on fetal 
programming represents an innovative clinical frontier (Crovetto et al., 2023; 
Nakaki et al., 2023). The present review proposes an integrated model of prenatal 
salutogenesis, synthesising PNEI evidence, polyvagal theory and clinical research 
on mindfulness-based interventions (Babbar et al., 2021). 
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DOHaD and Developmental Plasticity: From Fetal Origins 
of Disease to the Medicine of Salutogenesis 

The DOHaD paradigm represents an epistemological turning point in contempo-
rary medicine, having relocated the aetiopathogenesis of chronic diseases from adult 
maturity phases to the early periods of human development (Barker, 2004). David 
Barker’s epidemiological observations highlighted the correlation between low birth 
weight and increased incidence of chronic diseases — including ischaemic heart dis-
ease, hypertension and metabolic syndrome — in adulthood (Barker, 1990; 1995; 
1998). These findings led to the formulation of the Fetal Origins Hypothesis, which 
postulates that the intrauterine environment exerts a lasting influence on the func-
tional programming of organs and biological systems (Barker, 1995). 

The evolution of the DOHaD model, integrated with evolutionary biology, in-
troduced the concept of predictive adaptive responses (Gluckman et al., 2008). 
Within this framework, the fetus is not a passive organism but a dynamic biologi-
cal system capable of interpreting maternal environmental signals to adapt its de-
velopment to anticipated postnatal conditions (Gluckman et al., 2005). The result-
ing phenotype is the outcome of a continuous interaction between genetic heritage 
and early biological experience (Gluckman et al., 2008). While such responses are 
adaptive in predictable contexts (Gluckman & Hanson, 2004), developmental mis-
match between the prenatal and postnatal environment may convert these adapta-
tions into factors of pathological susceptibility (Gluckman & Hanson, 2005). 

These processes are mediated by epigenetic mechanisms — DNA methylation, 
histone modifications and microRNA regulation — which modulate gene expression 
without altering the nucleotide sequence (Meaney & Szyf, 2005; Moore et al., 2013; 
Meaney, 2010). Within this framework, health is not understood as the mere absence 
of disease, but as an expression of the organism’s adaptive capacity, in accordance 
with Antonovsky’s salutogenic model: whereas the pathogenic paradigm seeks the 
causes of disease, salutogenesis focuses on the processes that sustain functional sta-
bility and resilience in the face of adverse conditions (Antonovsky, 1979). 

The current extension of the DOHaD paradigm adopts a life-course perspective, rec-
ognising that developmental programming begins in the preconception phase and con-
tinues throughout the entire perinatal pathway. PNEI provides the essential theoretical 
framework for decoding this network of interactions (Bottaccioli & Bottaccioli, 2017): 
maternal stress is not a mere emotional experience, but a systemic event involving the 
HPA axis, autonomic nervous system, immune response, energy metabolism and 
epigenome (McEwen, 1998; 2007; Ader, 2007). This convergence confirms that the intra-
uterine environment constitutes a dynamic biological ecosystem, constantly shaped by 
bidirectional communication between mother and fetus (O’Donnell & Meaney, 2017). 



PNEI review – ISSNe 2532-2826 ‒ DOI: 10.3280/pnei2025oa23569 
Copyright © FrancoAngeli This work is released under Creative Commons Attribution ‒ Non-Commercial –  

No Derivatives License. For terms and conditions of usage please see: http://creativecommons.org 
 

4 

The Placenta: Neuroendocrine, Immune and Epigenetic 
Hub 

The placenta is not a mere passive filter for nutritional exchange, but an organ of bio-
logical integration that translates maternal experience into developmental instructions 
for the fetus. As a neuroendocrine organ, it synthesises crucial mediators such as CRH 
(corticotropin-releasing hormone), capable of critically modulating the maternal-fetal 
HPA axis (Bronson & Bale, 2016; Kramer & Bale, 2023; Ragusa et al., 2025). Placental im-
mune function maintains a delicate balance at the maternal-fetal interface via cytokines 
and decidual cells; alterations in this profile are associated with fetal growth restriction, 
preeclampsia and neurodevelopmental dysfunctions (Burton & Fowden, 2015). 

A fundamental protective mechanism is represented by the enzyme 11β-HSD2, 
which inactivates maternal cortisol, preventing chronic fetal exposure to glucocor-
ticoids (Seckl & Holmes, 2007). Stress, inflammation and malnutrition may inhibit 
this enzymatic barrier, altering HPA axis programming and the neurobiological 
development of the offspring (Hodyl et al., 2017). Concurrently, the placenta serves 
as an epigenetic interface, sensitive to variations in DNA methylation, microRNA 
regulation and histone modifications induced by maternal factors such as psycho-
logical stress, obesity or exposure to toxins (Kramer et al., 2023). 

Systemic integration is completed by the gut-brain-placenta axis, wherein ma-
ternal microbiota metabolites modulate trophoblastic function and the gestation-
al immune profile (Cryan et al., 2019). This bidirectional communication positions 
the placenta at the centre of the systemic pregnancy response (Dinan & Cryan, 
2017; Hsiao et al., 2013), defining it as a genuine “sensory organ” capable of 
transducing endocrine, metabolic and autonomic signals into biological input for 
the fetus. This view transcends functional reductionism, enshrining the central 
role of the placenta in mediating fetal plasticity and long-term health trajectories. 

 
Prenatal Stress, HPA Axis and Neurobiological 
Programming 

Maternal stress represents a critical environmental factor for fetal developmen-
tal programming, configuring itself, according to the PNEI paradigm, as a systemic 
event involving the HPA axis, autonomic nervous system and immune response 
(McEwen, 2007). Although physiological activation of the HPA axis is necessary for 
fetal pulmonary and metabolic maturation (Van den Bergh et al., 2005), the chronic 
hyperactivation associated with Early Life Stress (ELS) results in prolonged expo-
sure to glucocorticoids, potentially maladaptive for neurobiological development 
(Monk et al., 2019; Sandman et al., 2018). 
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Under conditions of chronic stress, reduced barrier efficacy of 11β-HSD2 in-
creases transplacental cortisol passage, altering neurogenesis, synaptogenesis and 
neuronal differentiation (Hodyl et al., 2017). The role of systemic inflammation is 
additional: the increase in pro-inflammatory cytokines (IL-6, TNF-α) may com-
promise fetal microglial maturation, conditioning brain developmental trajectories 
(Slavich & Irwin, 2014). Neuroimaging studies confirm that elevated levels of pre-
natal stress are associated with structural and functional alterations in the amygda-
la, hippocampus, prefrontal cortex, cingulate cortex and insula (O’Donnell & Mea-
ney, 2017; Buss et al., 2012; Sandman et al., 2015; Lautarescu et al., 2021; Van den 
Bergh et al., 2020; Thomason & Hendrix, 2024). 

These alterations should not be interpreted as irreversible damage, but rather as 
modifications of maturational trajectories, intrinsically amenable to remodelling 
through positive postnatal environmental influences (Glover, 2014; Van den Bergh 
et al., 2020). Fetal programming indeed creates a probabilistic vulnerability, not an 
immutable biological fate, confirming the permanent plasticity of the nervous sys-
tem and validating the opportunity for interventions aimed at promoting biologi-
cal resilience (Van den Bergh et al., 2020). 
 

 
Fig. 1. DOHaD paradigm: from early developmental origins to health across the lifespan 
 
Note. The images in Figures 1 and 2 were created by the author with the help of AI. 
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The Autonomic Nervous System (ANS) as Mediator of 
Maternal-Fetal Communication 

The Autonomic Nervous System (ANS), far from being a mere visceral effector 
system, is a complex regulatory network that coordinates cardiovascular, endo-
crine, immune and metabolic activity (Benarroch, 1993; Thayer & Lane, 2009; 
Critchley & Harrison, 2013). This function is mediated by the Central Autonomic 
Network (CAN), a network that integrates cognitive, emotional and homeostatic 
processes through structures such as the prefrontal cortex, insula and amygdala 
(Benarroch, 1993; Beissner et al., 2013; Valenza et al., 2019; Thayer et al., 2012; 2025). 
The CAN modulates the dynamic balance between sympathetic and parasympa-
thetic activation, ensuring the resilience and adaptive capacity of the organism 
(Craig, 2002; Thayer & Lane, 2009; Shaffer & Ginsberg, 2017). 

During pregnancy, this balance is fundamental for maternal cardiovascular re-
modelling and the maintenance of metabolic homeostasis required for fetal devel-
opment (Braeken et al., 2017; Sharifiheris et al., 2022). Although direct clinical evi-
dence requires further confirmation, a plausible pathophysiological basis exists for 
the view that maternal autonomic regulation influences uteroplacental function 
and the fetal environment (Cerritelli et al., 2021; Van den Bergh et al., 2020). Porges’ 
polyvagal theory (2022) underscores how vagal tone reflects the capacity to main-
tain biological safety and emotional regulation, with elevated parasympathetic ac-
tivity associated with reduced systemic inflammation. 

Heart rate variability (HRV) constitutes the primary non-invasive biomarker of 
such neurovegetative flexibility (Pinto et al., 2025; Widatalla et al., 2025). Through 
the cholinergic anti-inflammatory reflex, the vagus nerve modulates inflammation 
by inhibiting cytokine production (Tracey, 2002). Interventions such as mindful-
ness and slow breathing, by increasing vagal tone and HRV, offer indirect protec-
tive mechanisms for the fetal environment (Lehrer & Gevirtz, 2014; Kramar, 2025; 
Thayer & Lane, 2009; Braeken et al., 2017; Sharifiheris et al., 2022). Observational 
studies on maternal-fetal physiological synchrony suggest the existence of co-
regulation processes (DiPietro et al., 2006). Although direct causality on fetal pro-
gramming remains under investigation, the convergence of PNEI data renders it 
biologically plausible that ANS modulation represents a pillar of prenatal saluto-
genesis (Van den Bergh et al., 2020; Babbar et al., 2021; Cerritelli et al., 2021). 

 
Contemplative Neuroscience and Neurobiological 
Regulation 

Over the past two decades, contemplative neuroscience has provided important 
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evidence on the neurobiological correlates of mindfulness, demonstrating how regu-
lar practice is associated with functional modifications in brain networks involved in 
attention, interoceptive awareness, emotional regulation and cognitive control (Cal-
derone et al., 2024; Rafter et al., 2026; Tang et al., 2015). Neuroimaging studies have 
identified three principal connectivity systems — the Default Mode Network 
(DMN), the Salience Network (SN) and the Central Executive Network (CEN) — 
whose modulation is associated with reduced rumination, enhanced interoceptive 
awareness and strengthened attentional and emotional regulation (Menon, 2011; 
Menon & Uddin, 2010; Menon et al., 2023; Bremer et al., 2022; Tang et al., 2015). 

Of particular relevance is the down-regulation of the amygdala response, with 
consequent reduction in stress reactivity and enhanced connectivity with the pre-
frontal cortex (Taren et al., 2015; Desbordes et al., 2012). These neurofunctional 
modifications, interpretable as a strengthening of top-down control over limbic cir-
cuits, are accompanied by a reduction in cortisol and pro-inflammatory cytokine 
production, confirming the systemic action of mindfulness (Creswell et al., 2014). 

The neurobiological effects of mindfulness also extend to epigenetic modula-
tion. Studies on expert practitioners have documented gene expression modifica-
tions, with down-regulation of NF-κB-mediated pro-inflammatory pathways and 
up-regulation of genes associated with cellular repair and antioxidant response 
(Kaliman et al., 2014; Buric et al., 2017; Venditti et al., 2020; Venditti, 2025). Such ef-
fects have also been observed in the modulation of the epigenetic clock, suggesting 
a potential impact on biological ageing (Chaix et al., 2017). 

 
Mindfulness in Pregnancy: Clinical Evidence and 
Mechanisms of Action 

The application of mindfulness-based interventions in the perinatal setting has 
registered significant growth. Randomised clinical trials have demonstrated that pro-
grammes such as Mindfulness-Based Childbirth and Parenting (MBCP) significantly 
reduce anxiety, stress and depression levels in pregnant women (Duncan & Bardacke, 
2010; Findik et al., 2025; Gheibi et al., 2020). A meta-analysis by Min et al. (2023) con-
firmed the efficacy of such interventions also in preventing postpartum depression. 

At the psychophysiological level, mindfulness during pregnancy is associated with 
increased HRV and reduced blood pressure, indicative of improved autonomic balance 
(Braeken et al., 2017; Natarajan, 2023; Barbry et al., 2026). The impact also extends to in-
fant development: the IMPACT BCN study documented favourable effects of mindful-
ness-based stress reduction (MBSR) on fetal and neonatal brain development, assessed 
through neuroimaging (Crovetto et al., 2023; Nakaki et al., 2023; Gomez et al., 2025). 

Emerging evidence further suggests that maternal mindfulness may modulate 
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neonatal autonomic and behavioural reactivity (Noroña-Zhou et al., 2022). These 
data, albeit preliminary, support the hypothesis that mindfulness represents an ep-
igenetic and neurophysiological modulator capable of influencing developmental 
trajectories through the regulation of maternal stress response systems (Black & 
Slavich, 2016; Dunn & Dimolareva, 2022; Bower & Irwin, 2016; Walton et al., 2023). 

 

 
Fig. 2. The PNEI Integrated Model of Prenatal Salutogenesis and Contribution to the Salutogenesis 
of Meditative Practices 
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Towards an Integrated Model of Prenatal Salutogenesis 

The evidence reviewed thus far converges in delineating an integrated model in 
which maternal neurovegetative regulation acts as a systemic determinant of fetal 
health. Within this framework, mindfulness is configured not merely as an inter-
vention for reducing psychological distress, but as an active modulator of saluto-
genic processes, capable of influencing the intrauterine environment through neu-
roendocrine, autonomic, immune and epigenetic mechanisms. 

The proposed model rests on four interconnected axes: (1) regulation of the 
HPA axis and reduction of fetal glucocorticoid exposure, mediated by the restora-
tion of the placental 11β-HSD2 enzymatic barrier; (2) enhancement of vagal tone 
and HRV, with consequent modulation of the cholinergic anti-inflammatory reflex 
and reduction of maternal systemic inflammation; (3) epigenetic modulation, with 
down-regulation of pro-inflammatory pathways and up-regulation of protective 
genes; (4) functional reorganisation of brain networks involved in emotional and 
interoceptive regulation, with particular reference to DMN-SN-CEN connectivity 
and top-down control over the amygdala. 

This model finds its foundation in the convergence of the DOHaD paradigm, 
PNEI and polyvagal theory, and aligns with Antonovsky’s salutogenic perspective, 
according to which promoting biological resilience is more effective and cost-
efficient than treating overt pathology. 

The clinical validation of this model will require multicentre, longitudinal and 
interdisciplinary studies integrating neuroendocrine, autonomic, immune and epi-
genetic biomarkers, measures of placental function, advanced neuroimaging tech-
niques and follow-up of offspring neurobehavioural development. Only through 
this systemic approach will it be possible to define more precisely the role of inte-
grative medicine interventions in promoting prenatal health and developing a 
genuinely evidence-based developmental medicine. 
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flict of interest. All authors have read and agreed to the published version of the manuscript. 

 
References 
Ader R. (2007). Psychoneuroimmunology. London: Academic Press. 
Antonovsky A. (1979). Health, stress, and coping. New perspectives on mental and physical well-being. Cali-

fornia: Jossey-Bass. 
Babbar S., Oyarzabal A.J., & Oyarzabal, E.A. (2021). Meditation and mindfulness in pregnancy and 

postpartum: a review of the evidence. Clinical Obstetrics and Gynecology, 64(3), 661-682. 
https://doi.org/10.1097/GRF.0000000000000640 

Barbry A., Gal E., Carton A., & Coquart J. (2026). Effect of brief mindfulness meditation interventions 



PNEI review – ISSNe 2532-2826 ‒ DOI: 10.3280/pnei2025oa23569 
Copyright © FrancoAngeli This work is released under Creative Commons Attribution ‒ Non-Commercial –  

No Derivatives License. For terms and conditions of usage please see: http://creativecommons.org 
 

10 

on heart rate variability in adults: a systematic review. Applied Psychophysiology and Biofeedback, 
51(1), 3-18. https://doi.org/10.1007/s10484-025-09724-y 

Barker D.J.P. (1990). The fetal and infant origins of adult disease. BMJ: British Medical Journal, 301(6761), 
1111. https://doi.org/10.1136/bmj.301.6761.1111 

Barker D.J.P. (1995). The Wellcome Foundation Lecture, 1994. The fetal origins of adult disease. Proceed-
ings of the Royal Society of London, 262(1363), 37-43. https://doi.org/10.1098/rspb.1995.0173 

Barker D.J.P. (1998). Mothers, babies, and health in later life. Edinburgh: Churchill Livingstone. 
Barker D.J.P. (2004). The developmental origins of adult disease. Journal of the American College of Nutri-

tion, 23(sup6), 588S-595S. https://doi.org/10.1080/07315724.2004.10719428 
Beissner F., Meissner K., Bär K.J., & Napadow V. (2013). The autonomic brain: an activation likelihood 

estimation meta-analysis for central processing of autonomic function. Journal of Neuroscience, 
33(25), 10503-10511. https://doi.org/10.1523/JNEUROSCI.1103-13.2013 

Benarroch E.E. (1993). The central autonomic network: functional organization, dysfunction, and perspec-
tive. Mayo Clinic Proceedings, 68(10), 988-1001. https://doi.org/10.1016/S0025-6196(12)62272-1 

Biaggi A., & Pariante C. M. (2020). Risk factors for depression and anxiety during the perinatal period. 
In: Rosa Quatraro M. & Grussu P. (Eds.), Handbook of Perinatal Clinical Psychology (pp. 239-265). UK: 
Routledge. 

Biaggi A., Zonca V., Anacker C., Begni V., Benedetti F., Bramante A., Braniecka A., Brenna V., 
Bulgheroni M., Buss C., Cavaliere L., Cecil C.A.M., Couch A.C., de Barra D., El Marroun H., En-
tringer S., Grassi-Oliveira R., Jackowska M., Korosi A., Kwant P. J. C., Lahti J., Lekadir K., Mansuy 
I., Manuella F., Marizzoni M., Meyer U., Monk C., Radoš S. N., Pariante C. M., Pollux B.J.A., Priest-
ley K., Räikkönen K., Richetto J., Riva M.A., Rothmann L.M., Simonetti V., Vai B., Vernon A.C., 
Žutić M., Cattaneo A., & HappyMums Consortium (2025). Understanding, predicting, and treating 
depression in pregnancy to improve mothers’ and offspring’s mental health outcomes: The Happy 
Mums study. Brain, Behavior, & Immunity-Health, 44, 100961. https://doi.org/10.1016/j.bbih.2025.100961 

Black D.S., & Slavich G.M. (2016). Mindfulness meditation and the immune system: a systematic re-
view of randomized controlled trials. Annals of the New York Academy of Sciences, 1373(1), 13-24. 
https://doi.org/10.1111/nyas.12998 

Bottaccioli F., & Bottaccioli A.G. (2017). Psiconeuroendocrinoimmunologia e scienza della cura integrata. Mi-
lano: Edra. 

Bower J.E., & Irwin M.R. (2016). Mind–body therapies and control of inflammatory biology: A descrip-
tive review. Brain, Behavior, and Immunity, 51, 1-11. https://doi.org/10.1016/j.bbi.2015.06.012 

Braeken M.A., Jones A., Otte R.A., Nyklíček I., & Van den Bergh B.R. (2017). Potential benefits of 
mindfulness during pregnancy on maternal autonomic nervous system function and infant devel-
opment. Psychophysiology, 54(2), 279-288. https://doi.org/10.1111/psyp.12782 

Bremer B., Wu Q., Mora Álvarez M. G., Hölzel B. K., Wilhelm M., Hell E., Tavacioglu E.E., Torske A., 
Koch K. (2022). Mindfulness meditation increases default mode, salience, and central executive net-
work connectivity. Scientific Reports, 12(1), 13219. https://doi.org/10.1038/s41598-022-17325-6 

Bronson S.L., & Bale T.L. (2016). The placenta as a mediator of stress effects on neurodevelopmental 
reprogramming. Neuropsychopharmacology, 41(1), 207-218. https://doi.org/10.1038/npp.2015.231 

Buric I., Farias M., Jong J., Mee C., & Brazil I.A. (2017). What is the molecular signature of mind–body 
interventions? A systematic review of gene expression changes induced by meditation and related 
practices. Frontiers in Immunology, 8, 259671. https://doi.org/10.3389/fimmu.2017.00670 

Burton G.J., & Fowden A.L. (2015). The placenta: a multifaceted, transient organ. Philosophical Transactions 
of the Royal Society B: Biological Sciences, 370(1663), 20140066. https://doi.org/10.1098/rstb.2014.0066 

Buss C., Davis E.P., Muftuler L.T., Head K., & Sandman C.A. (2010). High pregnancy anxiety during 
mid-gestation is associated with decreased gray matter density in 6–9-year-old children. Psychoneu-
roendocrinology, 35(1), 141-153. https://doi.org/10.1016/j.psyneuen.2009.07.010 

Calderone A., Latella D., Impellizzeri F., De Pasquale P., Famà F., Quartarone A., & Calabrò R.S. 



PNEI review – ISSNe 2532-2826 ‒ DOI: 10.3280/pnei2025oa23569 
Copyright © FrancoAngeli This work is released under Creative Commons Attribution ‒ Non-Commercial –  

No Derivatives License. For terms and conditions of usage please see: http://creativecommons.org 
 

11 

(2024). Neurobiological changes induced by mindfulness and meditation: A systematic review. Bio-
medicines, 12(11), 2613. https://doi.org/10.3390/biomedicines12112613 

Cascio C.J., Moore D., & McGlone F. (2019). Social touch and human development. Developmental Co-
gnitive Neuroscience, 35, 5-11. https://doi.org/10.1016/j.dcn.2018.04.009 

Cerritelli F., Frasch M.G., Antonelli M.C., Viglione C., Vecchi S., Chiera M., & Manzotti A. (2021). A 
review on the vagus nerve and autonomic nervous system during fetal development: searching for 
critical windows. Frontiers in Neuroscience, 15, 721605. https://doi.org/10.3389/fnins.2021.721605 

Chaix R., Alvarez-López M.J., Fagny M., Lemee L., Regnault B., Davidson R.J., Lutz A., Kaliman P. 
(2017). Epigenetic clock analysis in long-term meditators. Psychoneuroendocrinology, 85, 210-214. 
https://doi.org/10.1016/j.psyneuen.2017.08.016 

Craig A.D. (2002). How do you feel? Interoception: the sense of the physiological condition of the body. 
Nature Reviews Neuroscience, 3(8), 655-666. https://doi.org/10.1038/nrn894 

Creswell J.D., Pacilio L.E., Lindsay E.K., & Brown K.W. (2014). Brief mindfulness meditation training 
alters psychological and neuroendocrine responses to social evaluative stress. Psychoneuroendocri-
nology, 44, 1-12. https://doi.org/10.1016/j.psyneuen.2014.02.007 

Critchley, H.D., & Harrison, N.A. (2013). Visceral influences on brain and behavior. Neuron, 77(4), 624-
638. https://doi.org/10.1016/j.neuron.2013.02.008 

Crovetto F., Nakaki A., Arranz A., Borras R., Vellvé K., Paules C., & Gratacós E. (2023). Effect of a 
Mediterranean diet or mindfulness-based stress reduction during pregnancy on child neurodevel-
opment: a prespecified analysis of the IMPACT BCN randomized clinical trial. JAMA Network Open, 
6(8), 2330255. https://doi.org/10.1001/jamanetworkopen.2023.30255 

Cryan J.F., O’Riordan K.J., Cowan C.S., Sandhu K.V., Bastiaanssen T.F., Boehme M., & Dinan T.G. 
(2019). The microbiota-gut-brain axis. Physiological Reviews, 99(4), 1877–2013. 
https://doi.org/10.1152/physrev.00018.2018 

Davidson R.J., & McEwen B.S. (2012). Social influences on neuroplasticity: stress and interventions to 
promote well-being. Nature Neuroscience, 15(5), 689–695. https://doi.org/10.1038/nn.3093 

Desbordes G., Negi L.T., Pace T.W., Wallace B.A., Raison C.L., & Schwartz E.L. (2012). Effects of 
mindful-attention and compassion meditation training on amygdala response to emotional stimuli 
in an ordinary, non-meditative state. Frontiers in Human Neuroscience, 6, 292. 
https://doi.org/10.3389/fnhum.2012.00292 

Dinan T.G., & Cryan J.F. (2017). The microbiome-gut-brain axis in health and disease. Gastroenterology 
Clinics, 46(1), 77–89. https://doi.org/10.1016/j.gtc.2016.09.007 

DiPietro J.A., Caulfield L.E., Irizarry R.A., Chen P., Merialdi M., & Zavaleta N. (2006). Prenatal devel-
opment of intrafetal and maternal-fetal synchrony. Behavioral Neuroscience, 120(3), 687–701. 
https://doi.org/10.1037/0735-7044.120.3.687 

Duncan L.G., & Bardacke N. (2010). Mindfulness-based childbirth and parenting education: promoting 
family mindfulness during the perinatal period. Journal of Child and Family Studies, 19(2), 190–202. 
https://doi.org/10.1007/s10826-009-9313-7 

Dunn T.J., & Dimolareva M. (2022). The effect of mindfulness-based interventions on immunity-related 
biomarkers: a comprehensive meta-analysis of randomised controlled trials. Clinical Psychology Re-
view, 92, 102124. https://doi.org/10.1016/j.cpr.2022.102124 

Findik E., Sezer N.Y., Aker M.N., & Badur D. (2025). The effects of the Mindfulness-Based Childbirth 
and Parenting Program (MBCP) on prenatal attachment, depression, stress, and anxiety in pregnant 
women: A randomized controlled trial. Journal of Affective Disorders, 376, 341–346. 
https://doi.org/10.1016/j.jad.2025.02.030 

Gheibi Z., Abbaspour Z., Haghighyzadeh M.H., & Javadifar N. (2020). Effects of a mindfulness-based 
childbirth and parenting program on maternal-fetal attachment: a randomized controlled trial 
among Iranian pregnant women. Complementary Therapies in Clinical Practice, 41, 101226. 
https://doi.org/10.1016/j.ctcp.2020.101226 



PNEI review – ISSNe 2532-2826 ‒ DOI: 10.3280/pnei2025oa23569 
Copyright © FrancoAngeli This work is released under Creative Commons Attribution ‒ Non-Commercial –  

No Derivatives License. For terms and conditions of usage please see: http://creativecommons.org 
 

12 

Glover V. (2014). Maternal depression, anxiety and stress during pregnancy and child outcome; what 
needs to be done. Best Practice & Research Clinical Obstetrics & Gynaecology, 28(1), 25–35. 
https://doi.org/10.1016/j.bpobgyn.2013.08.017 

Gluckman P.D., & Hanson M. (2005). The fetal matrix: evolution, development, and disease. Cambridge, 
United Kingdom.  

Gluckman P.D., Hanson M.A., Cooper C., & Thornburg K.L. (2008). Effect of in utero and early-life 
conditions on adult health and disease. New England Journal of Medicine, 359(1), 61–73. 
https://doi.org/10.1056/NEJMra0708473 

Gluckman P.D., Hanson M.A., & Low F.M. (2011). The role of developmental plasticity and epigenetics 
in human health. Birth Defects Research Part C: Embryo Today: Reviews, 93(1), 12–18. 
https://doi.org/10.1002/bdrc.20198 

Gomez Y., Nakaki A., & Conti A. (2025). Mindfulness-based stress reduction intervention during pregnan-
cy changes maternal brain. Scientific Reports, 15, 21929. https://doi.org/10.1038/s41598-025-07787-9 

Hall H.G., Beattie J., Lau R., East C., & Biro M.A. (2016). Mindfulness and perinatal mental health: a 
systematic review. Women and Birth, 29(1), 62–71. https://doi.org/10.1016/j.wombi.2015.08.006 

Hodyl N.A., Aboustate N., Bianco-Miotto T., Roberts C.T., Clifton V.L., & Stark M.J. (2017). Child 
neurodevelopmental outcomes following preterm and term birth: What can the placenta tell us? 
Placenta, 57, 79–86. https://doi.org/10.1016/j.placenta.2017.06.009 

Hsiao E.Y., McBride S.W., Hsien S., Sharon G., Hyde E.R., McCue T., & Mazmanian S.K. (2013). Mi-
crobiota modulate behavioral and physiological abnormalities associated with neurodevelopmental 
disorders. Cell, 155(7), 1451–1463. https://doi.org/10.1016/j.cell.2013.11.024 

Kabat-Zinn J. (2003). Mindfulness-based interventions in context: Past, present, and future. Clinical Psy-
chology: Science and Practice, 10(2), 144–156. https://doi.org/10.1093/clipsy.bpg016 

Kaliman P., Alvarez-Lopez M.J., Cosín-Tomás M., Rosenkranz M.A., Lutz A., & Davidson R.J. (2014). 
Rapid changes in histone deacetylases and inflammatory gene expression in expert meditators. Psy-
choneuroendocrinology, 40, 96–107. https://doi.org/10.1016/j.psyneuen.2013.11.004 

Khan S., Shehri F.A., Thalib H.I., Abbas O.S., Khan A., Mahmood A.M., & Hassan F.E. (2025). Effect 
of maternal stress on the risk of development of autoimmune Guillain-Barré syndrome in children: 
a narrative review. Pediatric Medicine, 8. https://doi.org/10.21037/pm-25-18 

Kramar M. (2025). The applications of the mindfulness-based cognitive therapy and HRV biofeedback 
in modern psychotherapy. NeuroRegulation, 12(2), 98–98. https://doi.org/10.15540/nr.12.2.98 

Kramer A.C., Jansson T., Bale T.L., & Powell T.L. (2023). Maternal-fetal cross-talk via the placenta: in-
fluence on offspring development and metabolism. Development (Cambridge, England), 150(20), 
202088. https://doi.org/10.1242/dev.202088 

Lautarescu A., Hadaya L., Craig M.C., Makropoulos A., Batalle D., Nosarti C., & Victor S. (2021). Ex-
ploring the relationship between maternal prenatal stress and brain structure in premature neo-
nates. PLoS One, 16(4), 0250413. https://doi.org/10.1371/journal.pone.0250413 

Lehrer P.M., & Gevirtz R. (2014). Heart rate variability biofeedback: how and why does it work? Fron-
tiers in Psychology, 5, 756. https://doi.org/10.3389/fpsyg.2014.00756 

Lester B.M., & Marsit C.J. (2018). Epigenetic mechanisms in the placenta related to infant neurodevel-
opment. Epigenomics, 10(3), 321–333. https://doi.org/10.2217/epi-2016-0171 

Marlin B.J., & Froemke R.C. (2017). Oxytocin modulation of neural circuits for social behavior. Devel-
opmental Neurobiology, 77(2), 169–189. https://doi.org/10.1002/dneu.22452 

McEwen B.S. (1998). Protective and damaging effects of stress mediators. New England Journal of Medi-
cine. https://doi.org/10.1056/NEJM199801153380307 

McEwen B.S. (2007). Physiology and neurobiology of stress and adaptation. Physiological Reviews. 
https://doi.org/10.1152/physrev.00041.2006 

McGlone F., Wessberg J., & Olausson H. (2014). Discriminative and affective touch: sensing and feel-
ing. Neuron, 82(4), 737–755. https://doi.org/10.1016/j.neuron.2014.05.001 



PNEI review – ISSNe 2532-2826 ‒ DOI: 10.3280/pnei2025oa23569 
Copyright © FrancoAngeli This work is released under Creative Commons Attribution ‒ Non-Commercial –  

No Derivatives License. For terms and conditions of usage please see: http://creativecommons.org 
 

13 

McGlone F., & Rankin L. (2025). A reappraisal of attachment theory: The role of affective touch. Infant 
Behavior and Development, 79, 102053. https://doi.org/10.1016/j.infbeh.2025.102053 

Meaney M.J., & Szyf M. (2005). Environmental programming of stress responses through DNA meth-
ylation: life at the interface between a dynamic environment and a fixed genome. Dialogues in Clini-
cal Neuroscience, 7(2), 103–123. https://doi.org/10.31887/DCNS.2005.7.2/mmeaney 

Meaney M.J. (2010). Epigenetics and the biological definition of gene × environment interactions. Child 
Development, 81(1), 41–79. https://doi.org/10.1111/j.1467-8624.2009.01381.x 

Menon V., & Uddin L.Q. (2010). Saliency, switching, attention and control: a network model of insula 
function. Brain Structure and Function, 214(5), 655–667. https://doi.org/10.1007/s00429-010-0262-0 

Menon V. (2011). Large-scale brain networks and psychopathology: a unifying triple network model. 
Trends in Cognitive Sciences, 15(10), 483–506. https://doi.org/10.1016/j.tics.2011.08.003 

Menon V., Palaniyappan L., & Supekar K. (2023). Integrative brain network and salience models of 
psychopathology and cognitive dysfunction in schizophrenia. Biological Psychiatry, 94(2), 108–120. 
https://doi.org/10.1016/j.biopsych.2022.09.029 

Min W., Jiang C., Li Z., & Wang Z. (2023). The effect of mindfulness-based interventions during preg-
nancy on postpartum mental health: a meta-analysis. Journal of Affective Disorders, 331, 452–460. 
https://doi.org/10.1016/j.jad.2023.03.053 

Monk C., Lugo-Candelas C., & Trumpff C. (2019). Prenatal developmental origins of future psycho-
pathology: mechanisms and pathways. Annual Review of Clinical Psychology, 15(1), 317–344. 
https://doi.org/10.1146/annurev-clinpsy-050718-095539 

Moore L.D., Le T., & Fan G. (2013). DNA methylation and its basic function. Neuropsychopharmacology : 
Official Publication of the American College of Neuropsychopharmacology, 38(1), 23–38. 
https://doi.org/10.1038/npp.2012.112 

Nakaki A., Crovetto F., Urru A., Piella G., Borras R., Comte V., & Gratacós E. (2023). Effects of Medi-
terranean diet or mindfulness-based stress reduction on fetal and neonatal brain development: a 
secondary analysis of a randomized clinical trial. American Journal of Obstetrics & Gynecology MFM, 
5(12), 101188. https://doi.org/10.1016/j.ajogmf.2023.101188 

Natarajan A. (2023). Heart rate variability during mindful breathing meditation. Frontiers in Physiology, 
13, 1017350. https://doi.org/10.3389/fphys.2022.1017350 

Noroña-Zhou A.N., Coccia M., Epel E., Vieten C., Adler N.E., Laraia B., & Bush N.R. (2022). The effects of 
a prenatal mindfulness intervention on infant autonomic and behavioral reactivity and regulation. Bi-
opsychosocial Science and Medicine, 84(5), 525–535. https://doi.org/10.1097/psy.0000000000001066 

Notaras M., & Buuse M. (2020). Neurobiology of BDNF in fear memory, sensitivity to stress, and 
stress-related disorders. Molecular Psychiatry, 25(10), 2251–2274. https://doi.org/10.1038/s41380-
019-0639-2 

O’Connor T.G., Monk C., & Fitelson E.M. (2014). Practitioner review: maternal mood in pregnancy 
and child development – implications for child psychology and psychiatry. Journal of Child Psycholo-
gy and Psychiatry, 55(2), 99–111. https://doi.org/10.1111/jcpp.12153 

O’Donnell K.J., & Meaney M.J. (2017). Fetal origins of mental health: the developmental origins of 
health and disease hypothesis. American Journal of Psychiatry, 174(4), 319–328. 
https://doi.org/10.1176/appi.ajp.2016.16020138 

Pavlov V.A., & Tracey K.J. (2005). The cholinergic anti-inflammatory pathway. Brain, Behavior, and Im-
munity, 19(6), 493–499. https://doi.org/10.1016/j.bbi.2005.03.015 

Pinto T.M., Nogueira-Silva C., & Figueiredo B. (2025). Fetal heart rate variability and infant self-
regulation: The impact of mother’s prenatal depressive symptoms. Journal of Reproductive and Infant 
Psychology, 43(3), 588–601. https://doi.org/10.1080/02646838.2023.2257730 

Porges S.W. (2022). Polyvagal theory: A science of safety. Frontiers in Integrative Neuroscience, 16, 871227. 
https://doi.org/10.3389/fnint.2022.871227 

Rafter C., McCarthy E., Stilp C., & Brumitt J. (2026). Mindfulness practice and increases in gray matter 



PNEI review – ISSNe 2532-2826 ‒ DOI: 10.3280/pnei2025oa23569 
Copyright © FrancoAngeli This work is released under Creative Commons Attribution ‒ Non-Commercial –  

No Derivatives License. For terms and conditions of usage please see: http://creativecommons.org 
 

14 

density, gray matter volume, and cortical thickness: A scoping review. Brain Sciences, 16(5), 483. 
https://doi.org/10.3390/brainsci16050483 

Ragusa A., Re A.L., Segata M., Rinaldo D., Motta G., Vito M., & Svelato A. (2025). The placenta and 
the development of human health. In: Epigenetics and rare diseases (pp. 57–75). Cham: Springer Na-
ture Switzerland.  

Reynolds R.M. (2013). Programming effects of glucocorticoids. Clinical Obstetrics and Gynecology, 56(3), 
602–609. https://doi.org/10.1097/GRF.0b013e31829939f7 

Sandman C.A., Buss C., Head K., & Davis E.P. (2015). Fetal exposure to maternal depressive symptoms 
is associated with cortical thickness in late childhood. Biological Psychiatry, 77(4), 324–334. 
https://doi.org/10.1016/j.biopsych.2014.06.025 

Sandman C.A., Curran M.M., Davis E.P., Glynn L.M., Head K., & Baram T.Z. (2018). Cortical thinning 
and neuropsychiatric outcomes in children exposed to prenatal adversity: a role for placental CRH? 
American Journal of Psychiatry, 175(5), 471–479. https://doi.org/10.1176/appi.ajp.2017.16121433 

Seckl J.R., & Holmes M.C. (2007). Mechanisms of disease: glucocorticoids, their placental metabolism 
and fetal “programming” of adult pathophysiology. Nature Clinical Practice Endocrinology & Metabo-
lism, 3(6), 479–488. https://doi.org/10.1038/ncpendmet0515 

Shaffer F., & Ginsberg J.P. (2017). An overview of heart rate variability metrics and norms. Frontiers in 
Public Health, 5, 290215. https://doi.org/10.3389/fpubh.2017.00258 

Sharifiheris Z., Rahmani A., Onwuka J., & Bender M. (2022). The utilization of heart rate variability 
for autonomic nervous system assessment in healthy pregnant women: systematic review. JMIR 
Bioinformatics and Biotechnology, 3(1), 36791. https://doi.org/10.2196/36791 

Slavich G.M., & Irwin M.R. (2014). From stress to inflammation and major depressive disorder: a social sig-
nal transduction theory of depression. Psychological Bulletin, 140(3), 774. https://doi.org/10.1037/a0035302 

Tang Y.Y., Hölzel B.K., & Posner M.I. (2015). The neuroscience of mindfulness meditation. Nature Re-
views Neuroscience, 16(4), 213–225. https://doi.org/10.1038/nrn3916 

Taren A.A., Gianaros P.J., Greco C.M., Lindsay E.K., Fairgrieve A., Brown K.W., & Creswell J.D. 
(2015). Mindfulness meditation training alters stress-related amygdala resting state functional con-
nectivity: a randomized controlled trial. Social Cognitive and Affective Neuroscience, 10(12), 1758–1768. 
https://doi.org/10.1093/scan/nsv066 

Thakur M., Patil Y., Philip S.T., Hamdule T., Thimmapuram J., Vyas N., & Thakur K. (2023). Impact 
of Heartfulness meditation practice on anxiety, perceived stress, well-being, and telomere length. 
Frontiers in Psychology, 14, 1158760. https://doi.org/10.3389/fpsyg.2023.1158760 

Thayer J.F., & Lane R.D. (2009). Claude Bernard and the heart–brain connection: Further elaboration of 
a model of neurovisceral integration. Neuroscience & Biobehavioral Reviews, 33(2), 81–88. 
https://doi.org/10.1016/j.neubiorev.2008.08.004 

Thayer J.F., Åhs F., Fredrikson M., Sollers J.J., & Wager T.D. (2012). A meta-analysis of heart rate variability 
and neuroimaging studies: Implications for heart rate variability as a marker of stress and health. Neuro-
science & Biobehavioral Reviews, 36(2), 747–756. https://doi.org/10.1016/j.neubiorev.2011.11.009 

Thayer J.F. (2020). Heart rate variability. In: Encyclopedia of behavioral medicine (pp. 1048–1049). Cham: 
Springer International Publishing.  

Thayer J. (2025). Bidirectional communication between the heart and the brain: importance of vagal af-
ferents. Psychophysiology, 62. 

Thomason M.E., & Hendrix C.L. (2024). Prenatal stress and maternal role in neurodevelopment. Annual Re-
view of Developmental Psychology, 6(1), 87–107. https://doi.org/10.1146/annurev-devpsych-120321-011905 

Townshend K., Caltabiano N.J., Powrie R., & O’Grady H. (2018). A preliminary study investigating 
the effectiveness of the Caring for Body and Mind in Pregnancy (CBMP) in reducing perinatal de-
pression, anxiety and stress. Journal of Child and Family Studies, 27(5), 1556–1566. 
https://doi.org/10.1007/s10826-017-0978-z 

Tracey K.J. (2002). The inflammatory reflex. Nature, 420, 853–859. https://doi.org/10.1038/nature01321 



PNEI review – ISSNe 2532-2826 ‒ DOI: 10.3280/pnei2025oa23569 
Copyright © FrancoAngeli This work is released under Creative Commons Attribution ‒ Non-Commercial –  

No Derivatives License. For terms and conditions of usage please see: http://creativecommons.org 
 

15 

Trapani S., Caglioni M., Villa G., Manara D.F., & Caruso R. (2024). Mindfulness-based interventions 
during pregnancy and long-term effects on postpartum depression and maternal mental health: a 
systematic review and meta-analysis of randomized controlled trials. Journal of Integrative and Com-
plementary Medicine, 30(2), 107–120. https://doi.org/10.1089/jicm.2023.0114 

Turecki G., & Meaney M.J. (2016). Effects of the social environment and stress on glucocorticoid recep-
tor gene methylation: a systematic review. Biological Psychiatry, 79(2), 87–96. 
https://doi.org/10.1016/j.biopsych.2014.11.022 

Valenza G., Sclocco R., Duggento A., Passamonti L., Napadow V., Barbieri R., & Toschi N. (2019). The 
central autonomic network at rest: Uncovering functional MRI correlates of time-varying autonomic 
outflow. Neuroimage, 197, 383–390. https://doi.org/10.1016/j.neuroimage.2019.04.075 

Van den Bergh B.R., Mulder E.J., Mennes M., & Glover V. (2005). Antenatal maternal anxiety and stress and 
the neurobehavioural development of the fetus and child: links and possible mechanisms. A review. Neu-
roscience & Biobehavioral Reviews, 29(2), 237–258. https://doi.org/10.1016/j.neubiorev.2004.10.007 

Van den Bergh B.R. (2020). Prenatal developmental origins of early brain and behavior development, of 
self-regulation in adolescence, and of cognition and central and autonomic nervous system function 
in adulthood. In: Handbook of prenatal and perinatal psychology: Integrating research and practice (pp. 83–
113). Cham: Springer International Publishing.  

Van den Heuvel M.I., Johannes M.A., Henrichs J., & Bergh B.R.H. (2015). Maternal mindfulness during 
pregnancy and infant socio-emotional development and temperament: The mediating role of maternal 
anxiety. Early Human Development, 91(2), 103–108. https://doi.org/10.1016/j.earlhumdev.2014.12.003 

Venditti S. (2025). Remodeling the epigenome through meditation: Effects on brain, body, and well-
being. In: Neuroepigenetics mechanisms in health and disease (pp. 231–260). Cham: Springer Nature 

Venditti S., Verdone L., Reale A., Vetriani V., Caserta M., & Zampieri M. (2020). Molecules of silence: 
Effects of meditation on gene expression and epigenetics. Frontiers in Psychology, 11, 544346. 
https://doi.org/10.3389/fpsyg.2020.01767 

Walker S.C., Trotter P.D., Swaney W.T., Marshall A., & McGlone F.P. (2017). C-tactile afferents: Cuta-
neous mediators of oxytocin release during affiliative tactile interactions? Neuropeptides, 64, 27–38. 
https://doi.org/10.1016/j.npep.2017.01.001 

Walton K.G., Wenuganen S., & Cole S.W. (2023). Transcendental meditation practitioners show re-
duced expression of the conserved transcriptional response to adversity. Brain, Behavior, & Immuni-
ty-Health, 32, 100672. https://doi.org/10.1016/j.bbih.2023.100672 

Widatalla N., Alkhodari M., Koide K., Yoshida C., Kasahara Y., Saito M., & Khandoker A. (2025). Pat-
tern-based assessment of the association of fetal heart variability with fetal development and maternal heart 
rate variability. IEEE Access.  

Woody C.A., Ferrari A.J., Siskind D.J., Whiteford H.A., & Harris M.G. (2017). A systematic review and 
meta-regression of the prevalence and incidence of perinatal depression. Journal of Affective Disor-
ders, 219, 86–92. https://doi.org/10.1016/j.jad.2017.05.003 

 
  



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


