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Non-communicable Diseases

Prevalence and deaths from non-communicable diseases (obesity, 
heart disease and type 2 diabetes) have increased dramatically
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Lifestyle and Adult Health

Ada
m W

atk
ins



Developmental Origins of Health and Disease 
(DOHaD)

Professor David Barker:
Patterns of in utero development can be
predictive of adult non-communicable
disease (obesity, type-2 diabetes, CVD) risk

Smaller / larger babies have :-
• Increased adult hypertension risk
• Raised serum cholesterol and obesity risk
• Impaired glucose tolerance and type 2

diabetes riskAda
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Epidemiological Data Sets

Dutch Hunger Winter:
Amsterdam 1944-45.

Great Leap Forward: 
(China 1958-1962)

Li, Y. et al. 2010. Diabetes 59, 2400–2406.
Wang, Z et al., 2017. BMC Public Health 17, 
488, 

Siege of Leningrad:
Russia 1941–1944

Alexander M. Vaiserman
Nutrients 2017, 9(3), 236; 

Painter et al, 2006, Am J Clin Nutr
84:322; Painter et al 2006 J
Hypertens. 24:1771;
de Rooij et al, 2006, Diabetologia
49:637;
Ravelli et al, 1999, Am. J. Clin. Nutr.
70:811). Ada
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Paternal Health and Offspring Development

?
Impact of
• Poor paternal lifestyle
• Increasing male age
• Infertility/subfertility Ada
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Paternal Programming Effects
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Male Diet and Sperm Quality
Obesity
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Low Protein Diet

High Fat Diet

Gómez-Elías et al .Sci Rep. 2019. 6;9(1):18546. 

Watkins et al. 2018. P.N.A.S. 115(40):10064-10069

Hypermethylated

Hypomethylated

Daniel Nätt et al., 
PLoS Biol. 2019. 
17(12):e3000559. 

High Sugar 

Oliveira et al. 
Reproduction. 2017. 
153(6):R173-R185.
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Male Diet and Embryo Development

Bakos et al., 2011 Fert Steril. 95; 1700-4

Yange et al 2016. Scientific Reports. 6: 29787 

Binder et al 2012. PLoS One 7:e52304 
Mitchell et al., 2011. Fert Steril 95 (4):1349-1353.Ada
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Male Diet and Embryo Development

Dr Hannah Morgan, unpublished observationsAda
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Paternal high fat diet fragments sperm DNA, reduces
blastocyst development and affects offspring development
(Binder et al., 2012. PloS One 7(12): e52304)
(Ng et al., 2010. Nature. 467: 963-6)

Paternal Diet and Fetal Development

Paternal low protein diet affects sperm DNA methylation,
fetal liver gene expression and lipid levels
(Carone et al., 2010. Cell. 143: 1084-1096)

Paternal obesity induced sex-specific placental
hypoxia and altered placental angiogenic markers,
increased ER stress-related protein levels and altered
hepatic expression of gluconeogenic factors at E18.5.
Patrycja et al. Biology of Reproduction, 107(2):574-589 (2022).Ada
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Paternal HFD

Paternal Diet and Fetal Development

Paternal low folate diet in mice:
Lambrot R et al., 2013. Nature Communications. 10; 4: 2889.

Significant changes in sperm DNA methylation, placental gene
expression, offspring growth and skeletal formation.
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Lin et al. Front Endocrinol. 2022; 13: 826665.

Paternal obesity is an independent predictor of both SGA and macrosomia

Tests for interaction show the effect of paternal obesity on SGA and macrosomia was 
significantly affected by maternal obesity

Paternal Diet and Fetal Development
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Sex (female vs male) differences

CD
581 genes

LPD
308 genes

Sexually Dimorpic Differentially
Expressed Genes

WD
13 genes

Paternal Diet and Fetal Development

Dr Hannah Morgan, unpublished observations

Number of Diff. Expressed genes
Diet Groups Male Female Overlap
CD vs LPD 11 212 0
CD vs WD 3 34 0
LPD vs WD 69 155 6

Ada
m W

atk
ins



Paternal dietary restriction (DR) or DR 
with added vitamins (DRVO) alters 
offspring metabolism in mice

Paternal Diet and Offspring Development

McPherson et al., Sci. Rep. 2016;6:27010.

Paternal folate deficiency (FD) or 
supplementation (FS) decreased 
offspring sperm production

Ly et al. MHR Basic Sci. Reprod. Med. 2017;23:461–477Ada
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Zhang et al., Nat Rev Endocrinol 2019. 15(8):489-498.

Paternal Diet and Offspring Development

Masuyama et al. Am. J. Physiol. Metab. 2016;311:E236–E245.

Fullston et al. Physiol Rep. 2015: e12336.Ada
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Paternal Health and Offspring 
Neurodevelopment
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Paternal Generational Effects

Cropley JE et al 
(2016) Mol Metab. 
5(8): 699–708.

Used a mouse obesity and pre-diabetes model (Avy) to study transgenerational 
transmission of metabolic phenotype
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Pembrey et al., 2006. European Journal of Human Genetics. 14:159–166

Paternal Generational Effects
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Molecular Metabolism Volume 14, 2018, Pages 1-11

Sperm Epigenetic Status
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SVX = seminal vesicle excision

Importance of Seminal Fluid

(Bromfield et al., 2014. P.N.A.S 111:2200-5)Ada
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Exploring Paternal Programming

Sperm donor
NPD/LPD

Female recipient
NPD

Seminal plasma donor
NPD/LPD

Artificial

Insemination

Vasectomised 

mating

(NPD sperm; NPD seminal fluid)

(LPD sperm; LPD seminal fluid) (LPD sperm; NPD seminal fluid)

(NPD sperm; LPD seminal fluid)

Watkins et al. 2018. P.N.A.S. 115(40):10064-10069

Fed male C56BL6 mice either:-
• Normal protein diet (NPD; 18%)
• Low protein diet (LPD; 9%)
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Maternal Metabolic Health

Afsaneh Koshkerdar: Unpublished observationsAda
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Paternal Periconceptional Programming

Morgan et al. Semin Cell Dev Biol. 2020. 97:131-137 

Sperm genomic / 
epigenetic effects

Seminal plasma 
effects

Embryokines e.g. 
LIF, IL-6, CSF2

mRNAs, micro 
RNAs, ncRNAs

Sperm histones, mRNA, ncRNA, micro RNA
Sperm DNA fragmentation, methylation

Blastocyst / offspring 
development

• Promotes implantation
• Promotes placentation
• Promotes maternal tolerance
• Reduces preeclampsia risk
• Modifies fetal growth

Recruitment of dendritic cells and 
neutrophils and priming of TregsAda
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