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Paternal drinking and the epigenetic influences on 

mitochondrial function, child health, and FASDs



Review the role of  paternal exposures on offspring health.

Review male reproductive physiology and discuss how 
paternal health impacts epigenetics. 

Define the term epigenetic and discuss how an exposure 
memory persists across the life cycle

Review mitochondria and their role in disease.

Consider  how  maternal  and  paternal  alcohol  use may  
interact  in driving  FASDs.

Talk Outline & Learning Objectives

Discuss data supporting paternal effects in FASDs

Consider evidence that FASDs may be a condition 
linked to altered bioenergetics.



Paternal Contributions to Health & Disease



Paternal Contributions to Health & Disease

Developmental  toxicity  tests  evaluate  the  extent  to  which  

substances  can  interfere  with  normal  development  and 

cause  adverse  effects  in the  offspring .

What does this mean ? We used to think that toxicity meant that the poison had to kill 

the cell. Now we know poisons change cells to make them less effective in their job. 



Paternal Contributions to Health & Disease
Epigenetics  studies how behaviors and the environment can influence 
gene activity. 
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What does this mean ? Epigenetics means that a cell can remember past injuries by 

changing the way it organizes genes (information) in the nucleus.  
Image Source Mellissa Mann



Paternal Contributions to Health & Disease

M. 

Montessori

The developing embryo, fetus, and certain organs transition through periods of 

epigenetic plasticity, where environmental stressors can have lasting effects.

What does this mean ? The cells in our body go through sensitive periods where 

epigenetic information changes ð we used to think this only applied to pregnancy but...



Paternal Contributions to Health & Disease

What does this mean ? Sperm stem cells and forming sperm go through sensitive periods 

where environmental stressors change the epigenetic information sent to their kids.



Paternal Contributions to Health & Disease

There  is growing  evidence  that paternal  

environmental  information  alters  small  noncoding  
RNAs (sncRNAs ) in sperm and,  in turn,  can  induce  

alterations  of  metabolic  and behavioral  
phenotypes  of  the  next  generation .

Non-Genetic 

Information

What does this mean ? One of the epigenetic signals that are packaged in sperm are 

small noncoding RNAs. These RNAs change gene expression in the new embryo. 

Epigenetic Signals 
in Sperm



Paternal Contributions to Health & Disease

How do paternal memories transmit to offspring and persist across the 
life course

What does this mean ? The Epididymis ð the part of the male reproductive tract where 

sperm mature ð secretes epigenetic signals that are packaged in sperm. 



Paternal Contributions to Health & Disease

The epididymis  serves  as an environmental  biosensor,  

relaying  information  to the  next  generation  to modify  
embryonic  growth  and metabolism .

Images adapted from Zhou et al., Frontiers in Endocrinology 2018
Bhadsavle & Golding Frontiers in Genetics 2022

What does this mean ? The epigenetic information in sperm changes in response to 

the environment and affects the development of  the placenta. 



Summary:

Sperm  carry  epigenetic  information  that  changes  in response  
to male  nutrition,  lifestyle  choices,  and  toxicant  exposures .

Epigenetic  information  carried  in sperm  alters  placental  
development,  with  lasting  impacts  on health  & disease .



Why is there  so much  variation  in 

FASDs ð even  among  identical  twins?

Paternal Contributions to FASDs

Is Dad the missing piece? 

What does this mean ? We have suspected male drinking contributes to FASDs but did 

not understand how, so, we ignored this data .



Assessment of maternal prenatal alcohol intake is an essential part of the 
diagnostic process and is the first step in the diagnostic algorithm outlined in Figure 1.

Can paternal drinking induce Fetal Alcohol Syndrome phenotypes?

Do Epigenetic mechanisms contribute the penetrance & severity?  

Paternal Contribution to Fetal Alcohol Syndrome?
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No alcohol

Chang et al., Epigenetics 2017

Chang et al., Epigenetics & 

Chromatin 2019

Bedi et al., Repro Tox 2019

Chang et al., Molecular 

Metabolism 2019

Thomas et al., 2021 FESEB

Bedi et al., Sci Rep 2022
Blood Alcohol Levels

30-160 mg/dL

(0.03% to 0.16%)

Legal Limit USA

0.08%

Drinking in the Dark
4-Hour Voluntary Alcohol 

Consumption

C57BL6/J Mice

What does this mean ? I wanted to study male alcohol exposure, so I developed a 

mouse model. I let the mice drink to either half  or twice the legal limit. 
Thomas et al., Front. Cell Dev. Biol.  2022

Paternal Contribution to Fetal Alcohol Syndrome?



Philip J. Cook, Paying the Tab: The Costs and Benefits of Alcohol Control (Figure).

Bose et al ., 2017 National survey on drug use and health 

The top 10% of 

American adults ï 

24 million of them, 
consume an 

average of 74 

drinks per week or 
more than 10 drinks 

per day.

In the US, 8.3% of all males of 

reproductive age consume 2 to 

10 drinks per day. 

Number of  drinks 

per week

Paternal Contribution to Fetal Alcohol Syndrome?



Paternal Alcohol exposures

Gestational Day 16.5 Offspring

Litter Avg 

Placental Weight

Dose -Dependent Changes in Placental 

Histology

What does this mean ? In mice, male alcohol exposure causes problems with the 

growth of  the placenta ð particularly males ð which decrease pregnancy rates in IVF. 

Thomas et al., Front. Cell Dev. Biol.  2022; Roach et al., Mol Hum Repro 2023

Chi-square 

p < 0.05

72%

51%

36%



Paternal Alcohol Exposure Induces 

Postnatal Growth Restriction

Chang et al., Epigenetics and Chromatin  2019,   Chang et al., Molecular Metabolism  2019

What does this mean ? In mice, male alcohol exposure slows down childhood growth 

and causes problems with the control of blood sugar and metabolism. 

Postnatal Growth 
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Paternal Contributions to FASDs

What does this mean ? I wanted to know if  both Dad and Mom drink, 

do things get worse? 



Blood Alcohol Concentration (average):

Maternal: ~84 mg/dL
Paternal: ~92 mg/dL

Dual Parental Model of  Alcohol Exposure

Drinking in the Dark
4-Hour Voluntary Alcohol 

Consumption

C57BL/6J Mice

Chronic Exposure

Blood Alcohol Levels

(0.08% to 0.1%)

Legal Limit USA

0.08%

What does this mean ? I developed a mouse model to compare what 

happens when Mom, Dad, or both parents drink. 



What does this mean ? Mom, Dad, and both parents drinking 

changes the shape of  the face ð each cause a different change.

Geometric Morphometric Analyses 

Image Source: appleinsider.com

Thomas et al., Journal of Clinical Investigation 2023a
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Dose -Response: Normalized Brain Weights

What does this mean ? Mom and Dad drinking reduce offspring brain 

weights and decrease head size. Thomas et al., Journal of Clinical Investigation 2023a
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Summary:

Sperm  carry  epigenetic  information  that  changes  in response  
to male  nutrition,  lifestyle  choices,  and  toxicant  exposures .

Epigenetic  information  carried  in sperm  alters  placental  
development,  with  lasting  impacts  on health  & disease .

Using  a mouse  model,  chronic  male  alcohol  exposure  causes  
the  core  FASD symptoms .

In a mouse  model,  maternal  and  paternal  alcohol  use interact  
in driving  some  alcohol -related  phenotypes .



Paternal Contribution to Fetal Alcohol Syndrome?

How?

Questions: How does the memory move from father to offspring 

and how does it impact development? 

Why should we do this research?

Q: What signal in sperm drives the observed changes? 

We could measure this signal in IVF clinics and warn 
couples that the male needs to stop drinking.

This signal may also appear in obese males or men 
exposed to industrial toxins. 

We will have something to measure to determine how 
long it takes for the alcohol effect to flush out. 

Q: What changes does paternal drinking cause? 

Identifying the paternal effect may allow the 
development of an intervention.



Roach et al. 2023

Roach et al. 2023

Thomas et al. 2021

Paternal Alcohol Exposure & Mitochondrial Stress

What does this mean ? Male alcohol use causes changes in his mitochondria, 

and changes in the mitochondrial of  the early embryo and placenta. 



Mitochondrial Stress & Disease

What does this mean ? Mitochondria are the battery of  the cell and are important 

for fetal growth & development, metabolism, inflammation, aging, and disease. 



Paternal Alcohol Use & Mitochondrial Stress

What does this mean ? The liver uses the mitochondria to metabolize, or ôburnõ 

alcohol, and this process hurts the mitochondria by causing oxidative stress. 

Alcohol

Dad

Does chronic alcohol use cause 
mitochondrial stress?
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Alcohol Causes Paternal Mitochondrial Stress

What does this mean ? Chronic alcohol exposure causes dose -dependent 

increases in male mitochondrial stress ð particularly in the liver. 



miRNA High vs Control

Fold change and p-value determined using DEseq2 with Benjamini-Hochberg correction
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Graded Paternal Alcohol Exposure Results in 

Dose -Dependent Changes in Sperm miRNAs

Bhadsavle unpublished

What does this mean ? We see dose -dependent changes in sperm epigenetic 

signals. 



What does this mean ? We see dose -dependent changes in sperm epigenetic 

signals. 

Graded Paternal Alcohol Exposure Results in 

Dose -Dependent Changes in Sperm miRNAs

Bhadsavle unpublished



Paternal Alcohol Use Causes Heritable 

Mitochondrial Stress

What does this mean ? I suspect that Dadõs alcohol use causes 

mitochondrial stress and that his sperm transmit a memory of this 

stress to his offspring that hurts their mitochondria.

Alcohol

Hypothesis : The mitochondrial stress caused 
by chronic alcohol exposure changes the 

sperm epigenetic program, causing an adverse 

form of  mitochondrial adaptation in offspring. 



What does this mean ? I wanted to know if dadõs drinking impacts his childrenõs 

mitochondria . 

Paternal Alcohol Use Alters Offspring 

Mitochondrial Function

Bhadsavle unpublished



Paternal Alcohol Use Alters Offspring 

Mitochondrial Function

Gestational Day 16.5 Brain
Control
Alcohol

Fetal Development

Bhadsavle unpublished

What does this mean ? Paternal alcohol use changes mitochondrial function in 

the developing brain. 



Paternal Alcohol Use Alters Offspring 

Mitochondrial Function

Postnatal Day 60 Liver

Adolescence

What does this mean ? Chronic paternal alcohol use has long -term effects on his 

childrenõs mitochondrial function ð even into early adulthood. 
Bhadsavle unpublished



Mitochondrial 
Dysfunction

Paternal Alcohol Use Alters Offspring 

Mitochondrial Function

Inflammatory IL -6 Expression Across Life ð Basel et al., 2025

What does this mean ? Altered mitochondrial function causes many health 

problems, including chronic inflammation. 


