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Abstract 

Epigenetics, the study of mechanisms that influence gene expression, has been 

described as a crucial link by which our environments and lifestyles can influence health 

outcomes. Research has indicated that early life risk factors can epigenetically ‘program’ a 

child’s later risk of ill health, but also that the individual’s own lifestyle in adulthood can 

influence epigenetics and health, modifying this risk. Furthermore, it has recently become 

possible to track biological ageing, using what has been termed ‘the epigenetic clock’. The 

research presented in this thesis is the first to examine the effect of epigenetic accounts of 

health on stigma, policy support and health behaviour motivation. Previous research has 

drawn upon attribution theory to suggest a key role of control. Namely, that health outcomes 

attributed to uncontrollable causes (e.g., genetics) are associated with reduced blame towards 

individuals and increased assistive policy support, but also increased belief in health 

outcomes as fixed and reduced health behaviour motivation, compared to health outcomes 

attributed to controllable causes (e.g., behaviour). By applying attribution theory to 

epigenetics, this thesis explores whether the same trade-offs of blame, policy support and 

health behaviour motivation are observed when communicating early life and adult accounts 

of epigenetic ageing and health. To achieve this, this mixed methods thesis includes online 

experiments communicating epigenetic aetiologies of obesity (Study 1), and early life vs. 

adult accounts of epigenetic ageing (Study 2), development and validation of an Epigenetic 

Belief Scale (Study 3), and an experiment communicating individual vs. societal epigenetic 

accounts of parenting and children’s epigenetic age (Study 4). Lastly, a thematic analysis of 

interviews with individuals who have undertaken direct-to-consumer epigenetic testing is 

presented, which aimed to explore motivations for testing, sense-making of results and 

subsequent health behaviour change (Study 5). Collectively, my findings indicate that 

communicating epigenetics is associated with trade-offs. Adult malleability accounts are 
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interpreted as high-control causal accounts, and may promote health behaviour motivation, 

however, may also predict blame and potentially stigma, dependent on context. Early life 

programming accounts are understood as low-control causal accounts when applied to 

individual health, and predict increased assistive policy support (context-dependent), and low 

blame and stigma. However, blame and stigma appear to be transferred to powerful others in 

the individual’s life, and early life programming accounts predict increases in parent blame 

and stigma, especially towards mothers. These findings indicate the likely psychosocial 

impacts of communicating epigenetics in health contexts, and implications for researchers 

and healthcare practitioners are discussed.  
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Chapter 1 - Introduction 

The aim of this thesis is to understand the potential impact of communicating 

epigenetics on health behaviour motivation, stigma and policy support. To introduce the 

research program, this opening chapter firstly provides an overview of epigenetics (1.1) 

and its relationship to health across the life course (1.2). Next, it outlines the rationale for 

communicating epigenetics in public health (1.3), introduces attribution theory as the 

theoretical framework underpinning this research and provides a review of existing 

epigenetic communication literature (1.4). Lastly, the project aim and research questions 

are outlined (1.5), and a summary is provided of the chapters ahead (1.6). 

1.1 Defining epigenetics and its relationship to health 

The human body consists of trillions of cells, with nearly all these cells containing a 

full set of genes. Genes contain instructions for each function within our bodies. However, 

not every gene is being actively read at once. Epigenetic refers to the layer of regulatory 

information over and above the genetic information conferred by the DNA sequence, and 

controls gene expression, replication and repair, without changing the DNA sequence itself 

(Fordonnell, 2019; Gibney & Nolan, 2010). Broadly speaking, epigenetic mechanisms 

function by allowing access to genes (e.g., removing a DNA methyl chemical group from 

above the gene, allowing its instructions to be read), or restricting access to genes (e.g., 

adding a DNA methyl group). At their most basic level, therefore, epigenetic mechanisms 

control the extent to which genes are active or inactive, or switched on or off (Simmons, 

2008). Research suggests that our diet, physical activity, chemical exposure, stress, 

socioeconomic status and work patterns may all influence our gene activity, and these 

changes to gene activity can predict our risk of developing health problems such as 

obesity, cancer, Type II diabetes, Alzheimer’s and heart disease (Alvarado-Cruz, Alegría-

Torres, Montes-Castro, Jiménez-Garza, & Quintanilla-Vega, 2018; Argentieri, Nagarajan, 
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Seddighzadeh, Baccarelli & Shields, 2017; Gassen, Chrousos, Binder & Zannas, 2017; 

Lawn et al., 2018; Muka et al., 2016; White, Kresovich, Xu, Sandler & Taylor, 2019). As 

such, epigenetics has been described as an important link by which our lifestyle and 

environment may impact our disease risk. 

An important way of understanding this link is through the concept of epigenetic 

ageing. Non-communicable diseases (including those listed above) are sometimes referred 

to as age-related diseases because of their links to ageing processes within the body and 

their tendency to occur in later life (Bamford & Serra, 2011). Accordingly, an important 

goal of ageing research is to find accurate measures of human biological ageing. 

Chronological age refers to an individual’s age in years since birth, whereas biological age 

is a measure of how well the body is functioning in relation to this. Epigenetic age is a 

measure of biological age, and functions in the following way (Horvath & Raj, 2018). In 

youth, epigenetic maintenance processes typically regulate the functions of genes in ways 

that preserve health, for example, stopping the uncontrolled division of cells before they 

progress to a tumour (Fordonnell, 2019; Issa, 2014). As we age however, errors 

accumulate in this epigenetic maintenance, thereby increasing our risk of non-

communicable diseases later in life (Zheng, Widschwenter & Teschendorff, 2016). 

Epigenetic ageing describes the process by which levels and patterns of DNA methylation 

change across the lifespan, a process measurable by epigenetic age estimators known as 

epigenetic clocks (Horvath, 2013). The most well-known of these, the Horvath epigenetic 

clock, is an algorithm that can produce a readout of an individual’s epigenetic, or 

biological age by detecting levels of DNA methylation across 353 sites on the human 

genome (Horvath, 2013; Horvath & Raj, 2018). In a recent review of biological age 

estimators that included alternative measures such as telomere length, composite 

biomarkers, and transcriptomic, proteomic, and metabolomic estimators, the epigenetic 
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clock was found to be the most reliable estimator of biological age, because of its accuracy 

in predicting both chronological age and mortality (Jylhävä, Pedersen & Hägg, 2017).  

Whilst the epigenetic clock is robustly correlated with chronological age, perhaps 

of most interest to those interested in slowing biological ageing and extending the human 

lifespan are cases where groups can be found to be epigenetically ageing faster or slower 

than their chronological age in years. Research has found that accelerated epigenetic 

ageing is predictive of cancer, heart problems and all-cause mortality (Chen et al., 2016; 

Dugué et al., 2018; Fransquet, Wrigglesworth, Woods, Ernst & Ryan, 2019; Lu et al., 

2019; Perna et al., 2016). A slow epigenetic clock on the other hand, is predictive of 

longevity. For example, in a study of Italian supercentenarians (aged between 105-106), it 

was found that these individuals had a mean epigenetic age of eight years younger than 

their actual age (Horvath et al., 2015).  

1.2 A life-course approach 

Epigenetic mechanisms respond to our environments and lifestyle factors and are 

thus by definition malleable. As a result, many changes to gene activity are reversible. 

However, the degree to which our epigenetics are malleable may depend on where we are 

in the life course. Research indicates that early life (from post-conception to adolescence, 

and particularly the first thousand days post-conception) is a particularly sensitive period 

for epigenetic responses to our environments. Moreover, epigenetic change during this 

period can program our risk of later disease (Bianco-Miotto, Craig, Gasser, Van Dijk & 

Ozanne, 2017; Fordonnell, 2019; Gomez‐Verjan, Barrera‐Vázquez, García‐Velázquez, 

Samper‐Ternent & Arroyo, 2020; Treviño et al., 2020). For example, under- or over-

nourishment in the womb or early exposure to chemicals such as air pollution or cigarette 

smoke can change the activity of genes related to metabolism, insulin and appetite in ways 

that increase risk of obesity, Type II diabetes or other chronic health disorders (Kappil, 
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Wright & Sanders, 2016). Equally, epigenetic mechanisms respond to psychosocial 

features of our early lives. Research indicates exposure to trauma, abuse, financial hardship 

and neighbourhood disadvantage in early life are all strongly associated with accelerated 

epigenetic ageing (Hamlat, Prather, Horvath, Belsky & Epel, 2021; Marini et al., 2021; 

Simons et al., 2016). A great body of evidence such as this now supports the 

developmental origins of health and disease (DOHaD) hypothesis, which argues that our 

risks for later disease and morbidity are largely set in the beginning of life (Barker, 1995; 

Barker, 2007; Gluckman, Hanson, Cooper & Thornburg, 2008; Vaiserman, 2015; Wallack 

& Thornburg, 2016). 

However, whilst our early lives may constitute a particularly sensitive period, our 

epigenetics and health are nevertheless responsive to exposures and lifestyle factors across 

the entire lifespan. For example, an adult diet high in fat can alter the activity of genes 

related to metabolism, fat storage and insulin resistance, leading to a slower metabolism, 

impaired insulin response and altered immune function if such a diet is maintained over 

time (Choi & Friso, 2010; Paul et al., 2015). However, an important finding from the 

literature is that health behaviour change in adulthood can reverse some of the maladaptive 

epigenetic changes of earlier years. For example, recent studies have demonstrated that the 

epigenetic profiles of former smokers who abstain for seven years appear more similar to 

the epigenetic profiles of non-smokers than smokers. Moreover, the epigenetic profile of 

formerly obese individuals who maintain a new healthy weight for several months appears 

more similar to individuals of a healthy weight than individuals with obesity (Dugué et al, 

2020; Huang et al., 2015; Joehanes et al., 2016).  

It is important to note that environments and health behaviours can influence 

epigenetic mechanisms in both early life and adulthood – for example, air pollution may 

affect the gene activity of individuals at any age (Isaevska et al., 2021; Lee et al., 2019). 
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However, programmes of research and ways of reasoning around epigenetics appear to 

have diverged when it comes to early vs. adult life. This is perhaps because of the 

observation epigenetics are particularly susceptible to environmental change in early life, 

perhaps because children have less choice or control over their early exposures (thus 

exposures may be characterised more accurately as ‘environments’ than ‘health 

behaviours’ at young ages), or perhaps, relatedly, because ethical dilemmas of informed 

consent mean children are less likely to participate in longitudinal intervention studies. 

Müller and Samaras (2018), from their discourse analysis of epigenetic research literature, 

participant observation of epigenetic conferences and expert interviews with conference 

speakers, propose that the key trends in how epigenetics is being mobilised in research can 

be divided into two distinct approaches: early life programming and adult malleability. The 

early life programming perspective views ageing as a ‘trajectory that is significantly 

epigenetically programmed by early life events’. Contrastingly, adult malleability 

approaches understand ageing as ‘an epigenetically malleable process occurring in the 

adult individual’ (Müller and Samaras, 2018, p721). Early life programming research tends 

to investigate how parental lifestyles, a child’s environment in the first 1000 days, and 

particularly the environment within the womb may program disease risk later in life 

(Mentis & Kararizou, 2010). Adult malleability research, on the other hand, focuses more 

on the consequences of adult lifestyle choices, and particularly whether previous 

maladaptive epigenetic changes can be reversed in order to prolong the human life and 

health span (Gibbs, 2014). This thesis suggests this distinction is important, because early 

life programming and adult malleability accounts of epigenetics may have distinct 

psychosocial consequences when communicated.  



 22 

1.3 Why communicate epigenetics? Potential impacts on knowledge, health behaviours, 

policy support and stigma  

In demonstrating the biological links between exposures and their resulting health 

outcomes, epigenetics offers a new way of understanding health and risk. Historical 

understandings of health have evolved from demonic possession and humour imbalances, 

through the biomedical model to the current prevailing biopsychosocial model of health 

(Engel, 1978; Wade & Halligan, 2017). In modelling distinct biological, psychological and 

social influences, the biopsychosocial model provides a more holistic conceptualisation of 

health than its predecessors (Lehman, David & Gruber, 2017). However, a key difficulty 

lies in integrating these perspectives in a meaningful way (Ghaemi, 2010). Investigations 

of lay understandings of health have suggested that although the UK public are literate in 

genetic and behavioural causations of ill health, with emerging understandings of social 

influences, mentally integrating these perspectives to understand their influence on disease 

risk proves a more difficult task (Fordonnell, 2019). In a series of layperson interviews, 

Condit et al. (2009) found that although individuals were able to describe these various 

factors, they tended to speak about them separately, describing either one or the other. 

Where a health outcome was described as genetic, talk was deterministic or fatalistic. 

Whereas, where a health outcome was understood as behavioural, participants described 

feelings of personal agency, and resultant blame. Condit et al. concluded that these causal 

understandings of health were experienced as separate mental models, and ones that did 

not interact. Holding separate mental models of health aetiologies may present a barrier to 

public understanding of risk. Condit’s findings showed that in trying to understand the 

causes of health issues as genetic or behavioural, uncertainty was displayed as to which is 

the ‘more important cause’. This uncertainty (compounded by often contradictory media 

communications about risk factors for disease) can lead to distrust of public health 
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messaging, and reduced motivation to engage in preventative health measures (Cameron, 

Marteau, Brown, Klein & Sherman, 2012). 

Epigenetic models of health may provide an advantage compared to the 

biopsychosocial model in offering a means to combine aetiologies of health and connect 

them to health outcomes (Fordonnell, 2019). In particular, this thesis explores the potential 

of communicating epigenetics by presenting the explanatory concept of the epigenetic 

clock. Science communicators have previously stressed the utility of simplifying 

metaphors in making science accessible to the public and increasing public engagement 

(Kendall-Taylor, 2017). By talking about health in relation to the epigenetic clock, it is 

hoped that this provides a key organising idea around which individuals can understand 

how various lifestyle or environmental factors might contribute to speeding up or slowing 

down their rate of epigenetic ageing, thereby influencing their risk of later disease.  

Thus, one reason for communicating epigenetics may be to promote understanding 

of disease risk. The other key reason, and the one this thesis focuses on, is that 

communicating epigenetics may have important psychosocial implications, including 

health behaviour motivation, policy support and health-related blame and stigma. Firstly, 

researchers have suggested that learning about the relationships between lifestyle, 

epigenetics and health may promote health behaviour motivation and practice (McBride & 

Koehly, 2017; McKerracher, Moffat, Barker, Williams & Sloboda, 2019; Stephenson et al., 

2019). Reasons for this assertion include that presenting epigenetic research may lend 

credibility and persuasive power to public health messaging, and that explanations of how 

genetic and behavioural factors interact could resolve questions around why some 

individuals may engage in risky behaviours and stay healthy (McBride & Koehly, 2017). 

Epigenetic psychoeducation holds the promise of furthering health behaviour motivation 

throughout the population, with developmental origins of health and disease (DOHaD) 
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researchers particularly interested in targeting adolescents, who are still forming their 

health behaviours, and adults starting families, in order to influence the health of two 

generations at once (McKerracher, Moffat, Barker, Williams & Sloboda; 2019).  

Secondly, researchers have suggested that knowledge of epigenetics may increase 

support for policies designed to redress health inequalities. Health inequalities, defined as 

unjust and avoidable differences in health outcomes across segments of the population 

(NHS England, 2021) are a persistent problem – with latest data from the Office for 

National Statistics finding that those living in the most deprived areas of England 

experience nineteen years less of years in good health compared to those living in the least 

deprived areas (Pratt, 2021). However, despite persisting inequalities, public knowledge of 

systemic, social and economic determinants of health remain lower than knowledge of 

genetic and behavioural factors, especially amongst individuals not experiencing 

socioeconomic disadvantage (Robert & Booske, 2011). As such, it has been suggested that 

communicating how social environments can shape gene activity and health may promote 

support for social environmental interventions to resolve health inequities (McBride & 

Koehly, 2017). For example, public education about how healthy food availability 

disparities may influence gene activity and health, may promote popular support for 

interventions such as health food subsidies, to ensure affordable healthy food is made 

widely available in disadvantaged areas (McBride & Koehly, 2017; Thayer & Kuzawa, 

2011).  

However, alongside the potential positive outcomes of health behaviour change and 

policy support, researchers have voiced a concern that communicating epigenetics and 

DOHaD will promote blame and stigma towards parents (Dupras & Ravitsky, 2016; 

Juengst, Fishman, McGowan & Settersten, 2014). Evidence already indicates that parents 

are blamed for their children’s attention deficit disorders, depression and obesity (Mukolo 
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& Heflinger, 2011; Wolfson, Gollust, Niederdeppe & Barry, 2015). Adding to this the 

concept that parental lifestyle may program a child’s risk of disease over their entire 

lifespan may provide a troubling expansion in blame and stigma towards parents. This may 

be particularly so for those who, for financial or other reasons, may be restricted in their 

ability to follow standard health guidance. Within this, social scientists have raised 

concerns that most of this parent blame may be directed specifically towards mothers 

(Richardson, 2014). Reasons for this particular concern are twofold – firstly, it has been 

documented that a large, if not disproportionate share of DOHaD research focuses on the 

intrauterine environment and maternal lifestyle – to the exclusion of the important, yet 

perhaps harder to study contributions from the father, other support systems around the 

mother and the broader social environment (Sharp, Lawlor & Richardson, 2018). 

Secondly, the way such research is communicated in the media further distorts these 

findings to exaggerate the importance of mothers’ behaviours (Richardson, 2014). With 

headlines such as ‘Pre-pregnancy diet ‘permanently influences baby’s DNA’ (Briggs, 

2014) and ‘Sharing mother’s stress in the womb leaves children prone to depression’ 

(Gray, 2013), to: ‘Is your life ALREADY decided? ‘Bad news’ is coded into DNA’ (Jones, 

2019), media reporting of maternal epigenetic effects (especially when giving advice to 

humans based on experimental data from rats), risks overinflating perceptions that the 

mother is responsible for a child’s epigenetic development and health risks.  

Finally, and related to this last point, one grounds for studying the impacts of 

communicating epigenetics is that this information is already being communicated to the 

general public. Epigenetics and DOHaD information is increasingly conveyed through 

media channels, including mainstream news sites alongside health news and popular 

‘infotainment’ sites. It is also increasingly becoming part of school curricula for 

adolescents, sometimes in modules of up to a month or more (Bay, Vickers, Mora, Sloboda 
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& Morton, 2017), and there are initial indications epigenetics may be beginning to inform 

health policy. The Houses of Parliament Office of Science and Technology have released a 

statement indicating that epigenetic research is likely to be important for future behaviour 

change interventions, particularly for pregnant women (POST, 2013). Lastly, epigenetic 

age estimation services have recently become commercially available for consumer use. 

With at least eighteen companies worldwide now offering such services, it is now possible 

to send off a saliva sample to a company for epigenetic testing and receive an epigenetic 

age, alongside other epigenetic ‘ages’ such as vision, hearing, memory and inflammation. 

Such results are often accompanied by personalised health recommendations to improve 

these scores, with re-testing services available to check progress (Mouratidis, 2018). 

Equally, epigenetic testing has recently expanded into skincare, with companies such as 

‘epigenCare’ offering epigenetic testing to ‘match products to your skin’s epigenetics’ 

(epigenCare, 2021). As such, given epigenetic health information is increasingly 

communicated and accessible to the public, it seems important to understand the 

psychosocial impacts of this communication. The present research will help to investigate 

the potential psychosocial consequences of communicating epigenetics, where such 

messaging is framed in terms of early life programming vs. adult malleability.  

1.4 Theoretical basis and previous literature 

The theoretical underpinning of this research is attribution theory, which seeks to 

understand how we explain the causes of phenomena, and the consequences of our causal 

beliefs (Kelley, 1967; Weiner, 2018). According to the work of Weiner and others, causes 

can be evaluated along three key causal dimensions: stability, whether a cause is perceived 

to be short or long lasting in duration, locus of control, whether a cause is perceived to be 

internal (related to the self) or external (outside of the self), and controllability, whether a 

cause is perceived as able to be controlled or not (Weiner, 2018). Attribution theory was 
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selected because this thesis proposes that early life programming and adult malleability 

offer two distinct causes for understanding health outcomes, that may vary along the main 

causal dimensions, and thereby have different respective consequences for health 

behaviour motivation, policy support and stigma.  

With regards to health behaviour motivation, attribution theory research has 

suggested that when a health outcome is perceived to be unstable and within personal 

control, behavioural efforts towards it increase, whereas the reverse is true for causes 

perceived to be stable and outside of personal control. For example, research suggests that 

a belief that genetics determine obesity and lung cancer predicts physical inactivity and 

smoking respectively (Kaphingst, Lachance, & Condit, 2009; Wang & Coups, 2010). 

Furthermore, a large correlational study measuring genetic and behavioural causal beliefs 

demonstrated that only behavioural causal beliefs were positively associated with physical 

activity and weight loss attempts (Nguyen, Oh, Moser, & Patrick, 2015). As such, whilst 

perceived control of health outcomes are certainly not the only predictors of health 

behaviours – with evidence suggesting many other factors, for example self-efficacy and 

education, can influence health behaviour outcomes (Hevey, Smith & McGee, 2012; 

Rakowski, 1988) - findings such as these nevertheless suggest that perceiving health as 

within individual control may increase health behaviour motivation.  

With regards to policy support, research indicates that the perceived controllability 

of a health issue is associated with support for related policy, and that this relationship is 

strongest when policy is either assistive (help-giving), or discriminatory (punishing). One 

well-investigated example of these relationships comes in the form of the obesity 

attribution literature. Correlational research has indicated that believing obesity is 

behaviourally caused is reliably associated with lower support for assistive obesity policy 

(e.g. menu labelling or gym membership credits) and increased support for discriminatory 
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policy (e.g. employers should be allowed not to hire obese individuals, or obese individuals 

should incur higher insurance premiums) (Barry, Brescoll, Brownell & Schlesinger, 2009; 

Jolsyn & Haider-Markel, 2019; Thibodeau, Perko & Flusberg, 2015). Conversely, 

believing obesity is caused by uncontrollable factors, such as genetics or the food 

environment, is consistently linked to increased assistive policy support, and reduced 

support for discriminatory policy (Barry et al., 2009; Beeken & Wardle, 2013; Chambers 

& Traill, 2011; Hilbert, Rief & Braehler, 2007; Joslyn & Haider-Markel, 2019; Oliver & 

Lee, 2005; Pearl & Lebowitz, 2014). Furthermore, providing evidence for a causal 

relationship between attribution and policy support, Garbarino, Henry & Kerfoot (2018) 

had online participants on Amazon’s MTurk read articles describing obesity as caused by 

behavioural, genetic, modern society or food industry factors and then rate their support for 

various policies. Results demonstrated that those exposed to the genetic and food industry 

conditions, accounts which each depicted obesity as being outside of personal control, 

demonstrated increased assistive policy support compared to those exposed to the 

individual behaviour causal information. As such, attributing health issues to causes 

outside of individual control may be associated with higher assistive policy support, and 

lower discriminatory policy support compared to attributing these outcomes to causes 

within personal control. 

Lastly, one of the most consistent findings of the attribution literature is that stigma 

(defined in this project as a mark or attribute that connects an individual to undesirable 

characteristics (Jones, 1984)) and blame towards those with ill health increases when the 

causes of health issues are perceived to be personally controllable. Taking once more the 

example of obesity, large sample correlational work has found evidence across cultures for 

associations between perceived control of weight and weight stigma. For example, 

Crandall et al. (2001) explored the relationship between perceived controllability and 
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weight stigma by administering measures of perceived control, and the Anti-Fat Attitudes 

scale (AFA, Crandall, 1994) to 970 people across Australia, India, Poland, Turkey, the 

U.S. and Venezuela. Results indicated a strong positive association between perceived 

control and weight stigma, a finding which has since been replicated across Swedish, 

Canadian, Icelandic and Australian population samples (Hansson & Rasmussen, 2014; 

Puhl et al., 2015), in children and health professionals (Musher-Eizenman, Holub, Miller, 

Goldstein, & Edwards-Leeper, 2004; Tanneberger & Ciupitu-Plath, 2018; Tiggeman & 

Anesbury, 2000; Wang, Ding, Song, Zhu, & Wang, 2016), towards obese children, 

adolescents and senior citizens (Sikorski, Luppa, Brähler, König, and Riedel-Heller; 2012), 

and most recently in a U.S. sample of approximately 70 000 (Elran-Barak & Bar-Anan, 

2018). Furthermore, experimental work has demonstrated that when individuals’ health 

conditions are described as being caused by their own behaviour (compared to biological 

or environmental causations) ratings of responsibility, blame, dislike and anger increase, 

while willingness to help reduces. Such results have been replicated for 66 different 

physical health conditions, with similar results found for mental health conditions (Khan, 

Tarrant, Weston, Shah & Farrow, 2018; Menec & Perry, 1998; Weiner, Perry & 

Magnusson, 1988) 

Thus, one may conclude from the literature that blame and stigma increase when a 

health issue is perceived as within individual control. However, an important distinction 

between these two outcomes is that whilst blame appears to reliably increase with control, 

this isn’t always the case for stigma. The reason for this discrepancy appears to be that 

while control is the major antecedent of blame, another major influence of stigma is 

stability – with the perception that a person’s health condition is stable also being shown to 

promote stigma. Mediation models in empirical work have found that while articles 

depicting obesity as uncontrollable can reduce blame, thereby reducing stigma, such 
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accounts also increase perceptions of stability, thereby increasing stigma (Hoyt, Burnette, 

Auster-Gussman, Blodorn & Major, 2017). These findings have been replicated across the 

obesity and mental health literature, and provide a potential explanation for why previous 

attempts to destigmatise mental health and obesity by stressing their genetic influences 

have not always been successful in reducing stigma (Ata, Thompson, Boepple, Marek & 

Heinberg, 2018; Burnette, Hoyt, Dweck & Auster-Gussman, 2017; Nutter, Alberga, 

MacInnis, Ellard & Russel-Mayhew, 2018, Lebowitz & Ahn, 2015).  

Findings such as these may therefore mean that, applying this same line of 

reasoning to epigenetics, attributing epigenetic and health processes to an individual’s 

personal (behavioural) control may lead to blame and stigma towards that individual. 

However, because blame is more closely conceptually linked to control, whereas other 

additional factors, such as stability, may influence stigma (Hoyt, Burnette, Auster-

Gussman, Blodorn & Major, 2017), there is perhaps a stronger evidence base in the 

attribution literature outlined above to suggest implied control over epigenetic processes 

would result in blame towards individuals, than that these attributions would result in 

stigma.  

Thus, when considering the consequences of high and low control causal health 

attributions, the evidence suggests that a series of ‘trade-offs’ may apply. Causal 

attributions low in personal control (e.g., genes) can reduce blame for a health issue and 

increase policy support, but this may be accompanied by perceptions of increased stability 

– that there isn’t much a person can do to change their situation – leading to lower health 

behaviour motivation and potentially also increasing stigma. High level of control 

explanations (e.g., behaviour), on the other hand, may be associated with increased health 

behaviour motivation, but at the cost of lower policy support and increased stigma and 

blame.  
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I explore in this thesis whether these same trade-offs observed in the attribution 

theory literature apply when communicating epigenetics, and investigate the idea that, 

because early life programming and adult malleability accounts may be associated with 

different attributional profiles, their communication may have differing impacts on health 

behaviour motivation, policy support and stigma. Specifically, as early life programming 

causal accounts emphasise a child’s environmental factors that they can have little direct 

influence over, these causal accounts are likely to be perceived as being low in control, 

stable in their (‘programming’) effects and with an external locus. To the extent that early 

life programming aetiologies of health outcomes are perceived as being low in individual 

control, it could be expected that stigma and blame towards the individual would be 

reduced, assistive policy support would increase, but that health behaviour motivation may 

be low, if outcomes are believed to be already set in early life. An adult malleability 

aetiology of health would be expected to fulfil the opposite set of attributions and trade-

offs. As a perspective that focuses on changeability of epigenetics and disease risk through 

lifestyle or pharmaceutical interventions, adult malleability aetiologies of health would be 

expected to be interpreted as highly controllable, unstable, with a largely internal locus of 

control. As such, implying controllability over health and carrying a similar attribution 

profile to behaviour, adult malleability accounts would be expected to predict high health 

behaviour motivation – but potentially reduced assistive policy support, and increased 

stigma and blame towards those with health issues.  

Existing literature on the social psychological effects of communicating epigenetics 

is currently limited. One of the initial applications of epigenetic communication has been 

to investigate whether it can alleviate prognostic pessimism amongst individuals with poor 

mental health. Lebowitz, Ahn & Nolen Hoeksema (2013) provided participants currently 

experiencing clinical depression with either a psychoeducation video emphasising the 
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malleability of depression by explaining epigenetics and neurochemistry, a video 

describing depression as a biomedical illness that runs in families, or a no-information 

control condition. Results showed that participants in the epigenetic condition 

demonstrated shorter expected symptom durations, better perceived odds of recovery, 

increased feelings of agency, and decreased general hopelessness towards their future. 

Since this time, these results have been replicated and maintained at a six week follow up 

(Lebowitz & Ahn, 2015), with participants with eating disorders (Farrell, Lee & Deacon, 

2015), and with non-depressed participants who rated the ‘average depressed person’ as 

having a greater chance of recovery, a shorter predicted symptom duration and greater 

agency in the epigenetic condition than the biomedical illness condition (Lebowitz et al., 

2013).   

A second application of epigenetic communication has included initial efforts to 

explore whether learning about epigenetics and DOHaD is associated with health 

behaviour change, in either adolescents or expectant mothers. In Woods-Townsend et al.’s 

(2018) intervention, a sample of 13–14-year-olds completed a module on epigenetics and 

DOHaD over 2-3 weeks, with findings demonstrating increased subject knowledge, but no 

behaviour change at a one-year follow up. However, Bay, Vickers, Mora, Sloboda and 

Morton, (2017) in running a similar intervention and lab visit with adolescents over 4-6 

weeks, found at a three-week follow-up that (compared to pre-intervention), participants 

were more likely to acknowledge the importance of a healthy diet, with adolescents who 

had previously been at dietary risk of obesity reporting reduced unhealthy eating habits – 

changes which were maintained at a twelve-month follow up. Thus, the current literature 

includes mixed evidence, but some indication that learning about epigenetics and DOHaD 

can motivate behaviour change amongst adolescents. With regards to parent populations, 

McKerracher et al. (2020) assessed predictors of maternal diet quality in a sample of 
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pregnant women and found that DOHaD knowledge was positively associated with diet 

quality during pregnancy. Although interventions are currently scarce in this population, an 

initial study by Hollister, Yaremych, Goldring and Persky (2019) sought to evaluate the 

effects of a brief psychoeducation intervention designed to teach parents about epigenetics. 

The intervention was audiovisual, and included an introduction to epigenetics alongside 

information explaining how, through epigenetics, parental lifestyle and environmental 

factors (e.g. natural disasters) could impact on children’s health. Post-intervention, 

participants rated mothers’ and fathers’ lifestyles as having a greater impact on children’s 

health than they’d rated pre-intervention, with 73% of parents agreeing that learning about 

epigenetics had made them feel guilty, and over half of free-comment responses coded as 

displaying a negative tone in talking about epigenetics. As such, learning about epigenetics 

appeared to increase parental perceptions of control and responsibility for their child’s 

health, and with this came feelings of guilty and negativity.  

Overall, the existing evidence adds to knowledge in suggesting that adult 

malleability accounts of mental health can increase prognostic optimism and feelings of 

agency over mental health, and that DOHaD and epigenetic information can promote 

behaviour change among adolescents, is associated with maternal diet quality in 

pregnancy, and can increase perceptions of knowledge in parents (though may risk 

increasing parental guilt and negativity). What this literature lacks however, is: a) a 

unifying concept to communicate the relationships of epigenetics to general health in a 

way that can be easily understood, b) evidence from adults in the general population, and 

c) experimental evidence comparing the consequences of early life programming vs. adult 

malleability aetiologies of health and disease (Fordonnell, 2019).  

Using attribution theory as a conceptual framework, this thesis provides a theory-

driven investigation of the psychosocial consequences of communicating epigenetics and, 
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in particular whether early life programming and adult malleability framings have distinct 

attributions and consequences for health behaviour motivation, health related policy 

support and stigma.  

1.5 Aim and research questions 

The overarching aim of this project was to understand the effects of early life vs. 

adult epigenetic causal accounts of health and ageing on attributions, health behaviour 

motivation, stigma and policy support. To achieve this aim, the thesis sought to answer the 

following research questions: 

1. Do adult malleability epigenetic accounts of health and ageing predict perceptions 

of increased control, an internal locus and reduced stability compared to early life 

programming epigenetic accounts? (Studies 1, 2, 3, 4 & 5) 

2. Do adult malleability epigenetic accounts of health and ageing predict increased 

health behaviour motivation, compared to early life programming epigenetic 

accounts? (Studies 1, 2, 3, 4 & 5) 

3. Do early life programming accounts predict increased health-related assistive 

policy support, compared to adult malleability epigenetic accounts? (Studies 1, 3 

and 4) 

4. Do early life programming accounts predict reduced blame and stigma compared 

to adult malleability accounts? (Studies 1, 2, 3 & 4) 

5. Does early life programming information predict parent blame, and can parent 

blame be reduced by the way this information is framed? (Study 4) 

1.6 Chapter summary 

To answer these research questions, this thesis presents five original research 

studies, and a discussion chapter synthesising their findings.  
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Chapter 2 presents an online experiment in which participants were exposed to 

articles attributing the cause of obesity to genetic, behavioural, early life epigenetic or 

adult epigenetic causes. Participants then read a vignette about a hypothetical individual 

with obesity and completed measures of attributions, empathy, stigma, obesity policy 

support and health behaviour motivation.  

One feature of the results reported in Chapter two was a null effect on health 

behaviour motivation. One reason posited for this was the possibility that obesity isn’t 

perceived as a relevant or important health outcome for many members of the population. 

Because of this, Chapter 3 utilised the epigenetic clock instead. This study provided UK 

adults with an account of epigenetic ageing and health from an early life programming or 

adult malleability perspective, with participants then completing measures of attributions 

relating to the speed of their own epigenetic ageing (stability, controllability and locus), 

emotional responses to the articles (anxiety, positive and negative affect), health behaviour 

motivation and intentions, and predicted self-blame if their epigenetic ageing were to be 

accelerated.  

When considering the communication of information about epigenetics it is 

important to consider the possibility that individual differences in beliefs about epigenetics 

may be important drivers of psychosocial outcomes. To explore this, Chapter 4 involved 

the development of the Epigenetic Belief Scale (EBS), designed to measure individuals’ 

early life programming and adult malleability beliefs about epigenetic ageing. This chapter 

presents the process of development and validation of the EBS, including exploratory 

factor analysis, confirmatory factor analyses and predictive validity. Participants in reading 

a short article were introduced to the idea of epigenetic ageing, but were not exposed to 

information about influences of epigenetic ageing. Subsequently, participants completed 

the beliefs measure. 
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The experiments of chapters two and three demonstrated that adult malleability 

epigenetic causal accounts predict increased blame (though non-significant increases in 

stigma), compared to early life programming or genetic accounts. However, a key concern 

of communicating early life programming epigenetic information is that, although it might 

reduce blame towards the affected individual, this information might increase blame and 

stigma towards parents, and especially mothers. Accordingly, the next experiment aimed to 

explore whether communicating early life programming information leads to increased 

parent blame, and whether this blame might depend on who is framed as responsible 

within these accounts. Chapter 5 presents the results of an experiment comparing the 

impact of individual parent vs. societal frames of early life programming epigenetic 

information vs. a no information control on outcomes of parent blame, preconception 

assistive policy support and preconception health behaviour motivation. A sample of adults 

under thirty years old were exposed to the individual parent article, the societal article, or 

no information, before reading a vignette about a mother and father with a young child 

with a high epigenetic age. Participants then rated the parents on perceived control and 

blame for the child’s epigenetic ageing, and provided assessments of the parents’ character, 

before completing measures of preconception policy support and health behaviour 

motivation.  

Finally, one way of evaluating whether learning about epigenetics can promote 

health behaviour motivation is to understand whether those who undertake epigenetic age 

testing go on to make lifestyle change. With little currently known about this emerging 

consumer group, Chapter 6 presents the findings of a qualitative thematic analysis of 

sixteen interviews with UK consumers who had purchased and received results from 

epigenetic testing companies. Through this analysis I explored why people undertake 
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epigenetic testing, how consumers make sense of their feedback and whether and how 

consumers make behavioural changes post-testing.  

With regard to the presented order of the studies, this order is chronological and 

reflects the progression in the development of research ideas and questions. As the aim of 

the project was to understand the effects of early life vs. adult epigenetic causal accounts of 

health and ageing on attributions, health behaviour motivation, stigma and policy support, 

and given the attribution theory literature strongly suggested a direction and rationale for 

predicted effects, a quantitative design was selected as the most appropriate starting point, 

as opposed to an initial qualitative theory-building study. Therefore Study 1 (Chapter 2) 

was aimed at comparing the effects of early life and adult epigenetic accounts of a health 

condition to more established explanations of behaviour and genetics, on our outcomes of 

interest. Studies 2 and 3 (Chapters 3 and 4) were primarily conceived to explore possible 

explanations for the null effect on health behaviour motivation (and to an extent, policy 

support) observed in Study 1, with Study 2 investigating whether adult epigenetic accounts 

may promote health behaviour motivation in the context of epigenetic ageing rather than 

obesity, and Study 3 exploring whether beliefs about epigenetic ageing predict health 

behaviour motivation, policy support and obesity stigma (with the idea that brief articles 

may not elicit much change on these constructs, but that more stable beliefs about 

epigenetics may predict these outcomes). Thus Study 3 (Chapter 5) involved the 

production of the epigenetic belief scale (EBS).  

Whilst the EBS was found to be a valid measure of early life and adult beliefs about 

epigenetic ageing, and it is hoped that future work will find this measure useful, it was not 

used in the remainder of the work because the most pressing research questions to be 

answered in our remaining studies did not have further need of this measure - in Study 4 

we aimed to examine the effect of early life explanations of epigenetic ageing from 
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individual parenting behaviour vs. societal influence accounts – thus a measure of early life 

vs. adult epigenetic beliefs generally was not considered the most relevant measure to 

answer this research question, and as such would not have represented the best use of 

participant time. The final study, a qualitative exploration of motivations, sense-making 

and outcomes of epigenetic testing, was similarly not primarily concerned with measuring 

early life vs. adult epigenetic beliefs in our sample, and so did not use the EBS in its 

design. Instead, this study was conceived to answer a key question remaining from Studies 

1-4: if brief explanations of epigenetics and health do not promote health behaviour 

motivation, yet epigenetic beliefs are linked to health behaviour motivation, then a form of 

‘ultimate test’ of whether epigenetic ageing information interventions could motivate 

behaviour change may lie in whether personal epigenetic testing may promote health 

behaviour change. Hence Study 5 presents interviews with the first group to access this 

personal information – epigenetic age testing consumers.  

To close, Chapter 7 provides a synthesis of the research findings, discussing key 

results in outcomes of attributions, health behaviour motivation, policy support and stigma. 

Strengths and weaknesses of the research are discussed and directions for future work 

suggested. Lastly, the discussion chapter closes with implications of the present work for 

communicating epigenetics within public health in future.   
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Chapter 2 - Study 1: The effect of epigenetic aetiologies of 

obesity on blame, stigma, policy support and health behaviour 

motivation 

2.1 Introduction 

Weight stigma is a global and pervasive issue (Brewis, SturtzSreetharan, & Wutich, 

2018). Defined as the devaluation and denigration of those perceived to carry excess 

weight (Tomiyama, 2019), weight stigma has been found to be prevalent in education, in 

the workplace, in media, in healthcare and even amongst friends and family (Washington, 

2011). Furthermore, whilst obesity rates increase worldwide, survey evidence from the UK 

and U.S. suggests weight stigma may be increasing from previous years, and in line with 

obesity rates (Flint, Hudson, & Lavallee, 2015; Himmelstein, Puhl, & Quinn, 2018; Latner 

& Stunkard, 2003).  

Weight stigma can have serious consequences for those who experience it. 

Research has indicated that, independent of BMI, people who experience weight stigma are 

more likely to develop mood disorders, disordered eating patterns, stress-induced 

pathophysiology and ultimately increased all-cause mortality (Hatzenbuehler, Keyes & 

Hasin, 2009; Himmelstein, Incollingo Belsky & Tomiyama, 2015; Major, Hunger, Bunyan 

& Miller, 2014; Sutin, Stephan & Terracciano, 2015). A recent review has concluded that, 

through many of these consequences, weight stigma may itself be a driver of the so-called 

obesity epidemic (Tomiyama et al., 2018). As a result, there is a strong need to empirically 

examine what may cause or facilitate weight stigma.  

The main theoretical perspective within which weight stigma has been understood 

is attribution theory (Kelley, 1967; Weiner, 2018). Attribution theory is concerned with 

how we explain the causes of phenomena, with a key concept in this context being that of 
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control: specifically, that if someone is perceived as having high control over their health 

condition, they will experience more stigma than someone with low control. 

Correlational studies have reported significant positive correlations between 

perceived control of obesity and weight stigma. Crandall et al. (2001) explored the link 

between attributions of controllability and weight stigma across 970 participants in six 

nations: Australia, India, Poland, Turkey, the U.S. and Venezuela, by administering 

questionnaires to a predominantly university student sample that included the Anti-Fat 

Attitudes scale (AFA, Crandall, 1994) and attributions of controllability. From this, a 

strong positive association between perceived control and weight stigma was found. This 

finding has since been replicated in Swedish samples (Hansson & Rasmussen, 2014), 

Canadian, Icelandic, Australian and U.S. samples (Puhl et al., 2015), in Chinese and 

German health professionals (Tanneberger & Ciupitu-Plath, 2018; Y. Wang, Ding, Song, 

Zhu, & Wang, 2016), in children aged 8-12 (Tiggemann & Anesbury, 2000) and 4-6 

(Musher-Eizenman, Holub, Miller, Goldstein, & Edwards-Leeper, 2004) and in German 

population samples when judging obese individuals of different ages (child, adult & senior 

citizen -Sikorski, Luppa, Brähler, König, and Riedel-Heller (2012)). Most recently the 

association has been replicated in an online sample of nearly 70 000 U.S. volunteers 

(Elran-Barak & Bar-Anan, 2018). 

Because of results such as these, controllability attributions have been suggested as 

targets for weight stigma reduction interventions. To explore this, Weiner, Perry, and 

Magnusson (1988) conducted an experiment in which participants read a short vignette 

about a male character who was obese, with one of two causal explanations provided: 

behavioural (diet and exercise - the high control condition) or biological (a thyroid 

condition – the low control condition). Weiner’s results demonstrated that participants 

scored higher on measures of blame, anger, responsibility and dislike towards the character 
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with high control over his obesity. In contrast, the character with low control received 

higher ratings on scales of pity, participant willingness to help, and participant willingness 

to donate to a relevant charity.  

Since this time, studies similar to Weiner’s, that have attempted to manipulate 

controllability attributions relating to a vignette character have generally been successful in 

reducing prejudice. Menec and Perry (1998), Crandall and Moriarty (1995) and Khan, 

Tarrant, Weston, Shah, and Farrow (2018) all presented vignette accounts of individuals 

with a health issue (from obesity, to any of 66 illnesses), and between them found that 

behavioural accounts were associated with increased social distance and social rejection 

scores, whilst genetic accounts were associated with reduced stigma, reduced perceptions 

of target agency and increased empathy towards the target. Similar results (increased 

prejudice towards a target girl whose obesity was behaviourally rather than biologically 

caused) have been found in adolescent samples (DeJong, 1980, 1993). 

Studies that have attempted to manipulate perceived controllability of obesity itself 

in an attempt to reduce prejudice towards individuals with obesity have seen more mixed 

results (Diedrichs & Barlow, 2011; Hague & White, 2005; Persky & Eccleston, 2010; 

Poustchi, Saks, Piasecki, Hahn, & Ferrante, 2013; Swift, Hanlon, El‐Redy, Puhl, & 

Glazebrook, 2013). Where such stigma-reduction interventions have been long in duration 

(generally an hour or more in participant time), and samples have been (predominantly 

health and psychology) students, controllability attributions have been found to be 

successfully influenced and prejudice reduced, suggesting promise as stigma-reduction 

techniques. However, most of these interventions made use of multiple components, 

making it difficult to ascertain whether controllability attributions were an active 

ingredient of change. Many of these interventions were also part of a student’s required 
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course (increasing the likelihood of demand characteristics); and almost all were more time 

intensive than is practicable on a broader public health communication scale. 

Where studies have been shorter, applied to obesity in general rather than 

individuals, have used attribution theory to the exclusion of other theories  (i.e. included 

only controllability interventions, not included training components derived from other 

theories, such as social norms), and included general population rather than health student 

samples, there has tended not to be a significant effect of manipulating perceptions of 

control on weight bias (Anesbury & Tiggemann, 2000; Hilbert, 2016; Ksinan, Almenara, 

& Vaculik, 2017; Lippa & Sanderson, 2012; Teachman, Gapinski, Brownell, Rawlins, & 

Jeyaram, 2003).  

There are several potential explanations for why this may be. Firstly, null effects 

may be observed because of the obesity stigma asymmetry effect. The obesity stigma 

asymmetry model explains null findings of manipulating attributions of control on stigma 

by opposing mediators. It proposes that a genetic explanation reduces agency, which 

reduces stigma, but also increases stability, increasing stigma – thereby having a null 

overall effect on weight stigma (Hoyt, Burnette, Auster-Gussman, Blodorn, & Major, 

2017). Hoyt et al.’s empirical work supports this. They presented participants with an 

account of obesity as controllable or uncontrollable and demonstrated via mediation 

analysis that when obesity was presented as uncontrollable this reduced blame towards 

obese people, which reduced stigma, but increased entity thinking, increasing stigma, 

thereby providing a null overall effect. This ‘double-edged sword’ of controllability has 

since been replicated with similar studies in the obesity literature (Ata, Thompson, 

Boepple, Marek, & Heinberg, 2018; Burnette, Hoyt, Dweck, & Auster‐Gussman, 2017; 

Nutter, Alberga, MacInnis, Ellard, & Russell-Mayhew, 2018), as well as similar non-

mediational models (whereby genetic aetiologies decrease blame but increase stability, 
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without including mediation analysis) in the mental health literature (M. S. Lebowitz & 

Ahn, 2015; M. S. Lebowitz, Ahn, & Nolen-Hoeksema, 2013).  

Alternatively, another possible explanation for mixed results regarding stigma-

reducing experiments is that the manipulation texts have simply been too short. A review 

completed by the present first author of the bulk of the experimental literature with 

participants from the general population indicates most attribution manipulation texts have 

been between 100 and 400 words long and no longer than a single page (Hegarty & 

Golden, 2008; Ksinan et al., 2017; McGlynn & McGlone, 2019; Teachman et al., 2003; 

Thorsteinsson, Loi, & Breadsell, 2016). It may be that while short texts are enough to 

manipulate controllability attributions relating to a single vignette character, they may not 

be powerful enough to change an individual’s attitudes towards people with obesity, 

attitudes that may have been forming their entire lives.  

In addition to stigma, attribution processes have been suggested to predict outcomes 

in other health-related domains. For example, if a health outcome is perceived as within 

individual control, health behaviour motivation tends to be higher. Previous work finds that 

beliefs that genes determine lung cancer and obesity predict smoking and physical 

inactivity respectively (Kaphingst, Lachance, & Condit, 2009; C. Wang & Coups, 2010). 

Meanwhile, a large-scale study measuring genetic or behavioural causal beliefs found that 

only behavioural causal beliefs were associated with attempts to increase physical activity 

and lose weight (Nguyen, Oh, Moser, & Patrick, 2015). Thus, perceptions of control over 

health may promote the practice of health behaviours. 

Lastly, perceptions of individual control may influence health-related policy 

support. Correlational work indicates that endorsement of individual behaviour as the main 

cause of obesity is consistently associated with low support for assistive food policy (i.e. 

policies that help individuals to make healthy diet and exercise choices, such as limits on 
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high-fat and high-sugar food advertising, and menu labelling) and increased support for 

discriminatory policy (e.g. obese individuals should pay higher health insurance premiums, 

or employers should be allowed not to hire people with obesity) (Barry, Brescoll, 

Brownell, & Schlesinger, 2009; Joslyn & Haider-Markel, 2019; Thibodeau, Perko, & 

Flusberg, 2015). Belief in (low individual control) genetic or food environment aetiologies 

on the other hand has been associated with support for policies designed to provide legal 

protections to those with obesity, support for assistive food policy and rejection of 

discriminatory policies (Barry et al., 2009; Beeken & Wardle, 2013; Chambers & Traill, 

2011; Hilbert, Rief, & Braehler, 2007; Joslyn & Haider-Markel, 2019; Oliver & Lee, 2005; 

Pearl & Lebowitz, 2014). 

 Furthermore, recent experimental work by Garbarino, Henry, and Kerfoot (2018) 

has explored the effect of controllability on policy support by having U.S. MTurk 

participants read causal accounts of obesity from individual behavioural, genetic, societal 

trends and food industry perspectives, before rating their support for various obesity 

policies. It was here found that causes of obesity that were outside of individual control – 

genetic and food industry causation – were associated with higher policy support compared 

to behavioural causation accounts. These differences were only found in men - for women 

there was no significant difference between obesity framings in policy support. The 

authors posited, from a brief follow-up study assessing confidence in opinions of causation 

of obesity, that this was because women were generally more confident in their knowledge 

of what causes obesity, and as such were less likely to be influenced by alternative framing 

messages.  

This points to a conflict within the experimental literature seeking to manipulate 

controllability attributions in order to reduce weight bias, influence policy support or 

increase health motivation. Many people are already confident in their knowledge and 
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perspectives of obesity, which may explain why many recent experimental studies with the 

general population have failed to reduce stigma towards individuals with obesity as a 

whole (rather than towards specific individuals) with a short article on genetics. Many will 

have seen similar information before, and may have already integrated it into their 

understanding of obesity. 

The present study investigates whether provision of a new kind of aetiological 

information, epigenetic accounts of obesity, may influence stigma, policy support, and 

health motivation. Epigenetic refers to a layer of additional regulatory information over 

and above the genetic information conferred by the DNA sequence. This regulatory 

information, collectively called the epigenome, affects gene expression, replication and 

repair (Gibney & Nolan, 2010). The epigenome enables the genome to respond to the 

environment and has been described as a crucial link by which our behaviours and 

environments can influence our health outcomes (Alvarado-Cruz, Alegría-Torres, Montes-

Castro, Jiménez-Garza, & Quintanilla-Vega, 2018; Argentieri, Nagarajan, Seddighzadeh, 

Baccarelli, & Shields, 2017).  

Our environments and exposures in early life can affect our gene expression in 

ways that promote the development of obesity. For example, research suggests that if we 

are either over- or under-nourished before birth, or exposed to so-called ‘obesogenic 

chemicals’ (cigarette smoke, bisphenol A and air pollution), our gene expression relating to 

appetite, insulin and metabolism can be altered in ways that increase our risk of obesity 

(Kappil, Wright, & Sanders, 2016). However, our lifestyles in later life can also potentially 

alter this gene expression. For example, high fat diets may alter the activity of genes 

involved in metabolism, fat storage and insulin resistance; if unhealthy diets persist over 

time, these patterns of gene activity can result in slower metabolism, impaired insulin 

response and an altered immune function (Choi & Friso, 2010; Paul et al., 2015).  
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Epigenetic aetiologies of obesity can therefore be roughly subdivided into ‘early 

life’ and ‘adult’ epigenetic accounts – a distinction with relevance by virtue of the fact that 

each may differ in controllability attributions. As children we have little control of our 

environments and exposures, therefore an early life epigenetic account of obesity may 

result in reduced stigma and increased assistive policy support, but increased perceptions 

of stability and lower individual motivation to engage in health-protective behaviours. By 

contrast, as adults we have greater control of our lifestyles, therefore adult epigenetic 

accounts may be associated with increased health behaviour motivation, but increased 

stigma and reduced policy support.  

The present online experiment involved participants reading an account of the 

development of obesity from one of four different perspectives (genetic, behavioural, early 

life epigenetic or adult epigenetic), before evaluating a vignette of an obese individual and 

indicating support for obesity-related policies. In exploring the effects of epigenetic 

aetiologies of obesity on fat phobia (a measure of weight stigma), agency, blame, stability, 

empathy, policy support, and health behaviour motivation, it is predicted that low-control 

accounts (genetics and early life epigenetics) will replicate previous genetic findings, whilst 

high-control accounts (behaviour and individual behaviour epigenetics) will replicate 

previous behaviour findings.  

Specifically, we posit four hypotheses: 

H1: Level of control will predict attitudes towards an obese vignette character, such 

that those in both high level of control conditions (behaviour and adult epigenetic) will score 

higher in fat phobia, attributed agency and blame, and lower on empathy and stability 

compared to those in the low level of control conditions (genetic and early life epigenetic).  

H2: Level of control will influence policy support and societal responsibility, such 

that those in high control conditions will be less supportive of food policy and societal 
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responsibility, and more in favour of discriminatory policy than those in low control 

conditions. 

H3: Those in high level of control conditions will score higher on health behaviour 

motivation than those in low level of control conditions. 

H4: The relationship between level of control and fat phobia will be mediated by 

perceptions of agency, blame, stability and empathy. 

 

2.2 Method 

2.2.1 Participants 

Ethical approval for this study was granted by the University of Bath Psychology 

Research Ethics Committee (project #19-235). Participants (N=312, 209 females) were 

recruited from Prolific (prolific.co), an online research participation platform, through 

which participants from the general public can take part in research in exchange for 

financial compensation. The inclusion criteria for participation were that participants 

should be adults (18 years of age or above), UK residents (to avoid differences in exposure 

to narratives around weight and health between groups), and should have English as a first 

language (due to the complexity of some of the written material). All participants were 

reimbursed in line with Prolific’s reimbursement requirements, and the average time taken 

for survey completion was 11 minutes. The questionnaire was presented to participants via 

the online survey platform Qualtrics. 

Sample size was determined from the results of a G*power analysis, which 

estimated that a sample of 280 participants would be required to complete the planned 

ANOVAs. 312 responses to the survey were collected, and then 19 excluded from 

subsequent analyses on the basis of completing the study in faster than 5 minutes (N= 10), 

slower than 1 hour (N= 2), or failing the manipulation check (N= 7). 
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Of the final included sample of 293, participants were aged 18 to 73 (M=35.6, SD 

=12.6), had BMIs between 14 and 50 (M= 25.3, SD=5.7) and had education from GCSEs 

to equivalent to doctoral degrees.    

2.2.2 Design & Procedure 

The study used a 4 x 1 between-subjects design in which participants were 

randomly assigned to read one of four articles on the causes of obesity. Each article was 

approximately 650 words, was written to resemble a news article, and presented the major 

cause of obesity as either genetic, early-life epigenetic, behavioural or adult epigenetic (see 

Appendix A for full texts). Outcome measures included attitudes towards the obese 

vignette character (including fat phobia, the character’s perceived agency over their 

weight, how much they were to blame for their weight, empathy towards the character and 

stability of their weight) and assistive food policy support, legal protection policy support 

(whether obese individuals should have the same protections as people with disabilities), 

discriminatory policy support, societal responsibility for obesity and health behaviour 

motivation. 

Before commencing, all participants read the study description and provided 

consent via selecting options in Qualtrics. To avoid participants guessing the aims of the 

study, participants were informed they would be reading a health article and evaluating its 

suitability for different ages, before evaluating a case study. Consenting participants were 

then randomly assigned to read one of the four aetiology articles. Upon reading the articles, 

participants rated their suitability for different ages, and completed an attention check in 

which they were asked to select the main argument of the text from a list of three options. 

Next, participants were presented with a case study of a vignette character with obesity 

(named ‘John’), who found out from a university study in which he was participating that 

he had a genetic, behavioural or epigenetic profile consistent with obesity (consistent with 



 51 

the perspective of the preceding article; see Appendix B for full texts). Participants then 

completed the following outcome measures: 

2.2.2.1 Perceived Agency / Agency Attributions  

Attributions of agency were measured using a 3-item scale taken from Khan et al. 

(2018), previously adapted from Crandall (1994) and Vartanian and Fardouly (2014): “How 

much control do you think John has over his obesity?”, “To what extent do you think John’s 

obesity is caused by factors that John can control, or factors outside of John’s control?”, and 

“How much responsibility does John have for his obesity?”. Responses were given on a 7-

point response scale in which higher scores indicated greater attributed agency. 

2.2.2.2 Blame  

Blame was assessed with a single item taken from M. S. Lebowitz et al. (2013): “How 

much is John to blame for his obesity?”. Consistent with M. S. Lebowitz et al. (2013), 

answers were given on a 9-point scale from 1 (very little to blame) to 9 (A great deal to 

blame).  

2.2.2.3 Stability 

Stability was measured with a short form of a three-item scale adapted from Burnette 

(2010) to relate to the vignette character: “John’s body weight is something he can’t change 

very much”, “John can always substantially change his body weight” (reverse coded) and 

“John can change his basic body weight considerably” (reverse coded) with responses 

provided on a 7-point scale (strongly disagree to strongly agree). 

2.2.2.4 Empathy 

Empathy was assessed using the 6-item version of the Communication Emotional 

Response Scale (Batson, O'Quin, Fultz, Vanderplas, & Isen, 1983) as used by Khan et al. 

(2018) in which participants indicated their feelings towards John on a 7-point scale (where 
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1= not at all, 7= very much), for the items: sympathy, soft-heartedness, warmth, compassion, 

tenderness and moved. 

2.2.2.5 Fat Phobia/Stigma 

Fat phobia towards John was assessed using the 14-item short form of the Fat Phobia 

Scale (Bacon, Scheltema & Robinson, 2001), where participants rated the extent to which 

they would imagine 14 traits and their antonyms to describe John (e.g. lazy/industrious, 

insecure/secure). Half of all items were reverse-coded in order to avoid pattern responding. 

When recoded in analysis, higher scores indicate increased fat phobia. 

2.2.2.6 Assistive Food Policy Support 

Support for assistive food-related policies was measured by constructing a 10-item 

policy support scale, where items were sourced from the UK government’s recent Child 

Obesity Plan and Child Obesity Plan 2 (Department of Health and Social Care, 2016; 2018). 

Example items include: “Require that restaurants and takeaways provide information about 

the fat and calorie content of foods on menus” and “Require the food industry to reduce the 

sugar in high sugar products by 20%”. Items for all policy support scales were rated on a 7-

point scale (where 1= strongly disagree, 7 = strongly agree) so that higher scores indicate 

increased food policy support. 

2.2.2.7 Legal Protection Policy Support 

Support for obese individuals having the same legal protections as individuals with 

disabilities was assessed with the following item: “Extend the same legal protections and 

benefits as people with physical disabilities to people with obesity.” 

2.2.2.8 Discriminatory Policy Support 

Discriminatory policy support was assessed with the following two items, taken from 

previous policy studies (Joslyn & Haider-Markel, 2019): “Allow companies to refuse to hire 
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individuals if they are obese” and “Allow health insurers to charge higher premiums for 

obese individuals than for those of a healthy weight/mildly overweight.” 

2.2.2.9 Societal Responsibility 

Participant’s agreement with the notion of obesity being a problem that should be 

‘solved’ by society vs. the individual was measured on a 7-point Likert scale (where 1= by 

the individual, 7=by society) with the following item: “Do you think obesity is a problem that 

needs to be addressed by the individual or by the society? (If you don’t believe obesity is a 

problem please leave this question blank).” (In total, three participants left this question 

blank). 

2.2.2.10 Personal Health Motivation 

Personal health motivation was assessed with the following two items: “I intend to 

make it a priority to eat a healthy diet in order to maintain my health in the future” and “I 

intend to make it a priority to engage in physical activity to maintain my health in the future”. 

Responses were given on a 7-point Likert scale (where 1= strongly disagree, 7= strongly 

agree). 

2.2.2.11 Demographics 

After these measures, the following demographic information was collected: age, 

gender, political orientation (on a 7-point scale where 1= very right wing, 7= very left wing, 

with an option for “none of these”), education (GCSEs or equivalent, A levels or equivalent, 

undergraduate degree, postgraduate degree, doctoral degree, or ‘other’) and height and weight 

(so as to calculate participant BMI).  

After completing the above, participants were given a blank text box to comment on 

the study if they wished, were debriefed as to the aims of the study, and received 

compensation.  
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2.3 Results 

Our analytic approach was as follows: firstly, we examined descriptive statistics, 

computed scales of reliability and explored correlations among measures. For the main 

analyses, ANOVAs were run to examine the effect of obesity aetiology on each outcome. By 

collapsing obesity aetiology into two groups, t-tests were then run to explore the effect of 

level of control on each dependent variable. Next, using PROCESS (Hayes, 2017), moderated 

regressions were run to examine interaction effects between obesity aetiology and participant 

BMI (the latter being retained as a continuous variable), with the rationale that responses to 

these outcome measures may differ according to participants’ own BMI. Lastly, mediation 

analyses were run, again using PROCESS, to explore whether agency, blame, empathy and/or 

stability mediated the relationship between level of control and fat phobia.  

2.3.1 Data screening, descriptive statistics and preliminary analysis  

For an overview of descriptive statistics, including means, standard deviations, scales, 

scale reliabilities and correlations, please see Table 2.1. Scale reliability analysis revealed 

that all scales demonstrated good reliability (Cronbach’s alpha above .75) except for 

discriminatory policy support, which was subsequently separated into its two component 

parts and analysed separately. To assess normality and homogeneity of variance, Levene’s 

test for equality of variances, Q-Q plots and histograms were used. Use of these tests revealed 

some minor departures from normality and equality of variances. Because of this, a non-

parametric Kruskal Wallis test was also run – but as there were no substantive differences in 

results here compared to later parametric tests, and given ANOVAs have been described as 

robust in the face of minor departure from statistical assumptions (Weinberg & Abramowitz, 

2016), the main analysis proceeded using parametric tests.  
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Table 2.1 

Descriptive statistics: means, standard deviations, scales, and scale reliabilities. 

Construct Mean SD Scale Scale reliability 

(if multi-item 

scale) 

Fat phobia 4.85 .79 1-7 .879 

Agency 4.91 1.34 1-7 .871 

Blame 5.67 2.08 1-9 N/A 

Stability 2.49 .94 1-7 .874 

Empathy    .929 

Food policy support 5.36 1.01 1-7 .863 

Legal protection policy support 3.20 1.71 1-7 N/A 

Discriminatory hiring policy support 1.93 1.42 1-7 .543* 

Discriminatory health insurance policy support 4.18 1.76 1-7 

Societal responsibility 3.85 1.64 1-7 N/A 

Personal health motivation 5.67 .97 1-7 .780 

*for discriminatory policy support as a scale 

 

To check there were no differences in demographics between the experimental groups 

that may have confounded the results, a series of ANOVAs were run. No such differences 

were found. Specifically, between conditions there was no significant difference in age 

(F(3,290)=1.51, p=.213, η2
p=.015), in BMI (F(3,251)=.544, p=.653, η2

p=.006), in education 

(F(3,289)=.335, p=.800, η2
p=.003), or in political orientation (F(3,224)=.437, p=.727, 

η2
p=.006). Using a Pearson Chi-Square test it was also identified there was no significant 

difference in number of males and females per condition (χ2(3) = 2.59, p = .459). 
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2.3.2 Effect of Obesity Aetiology Framing on Dependent Measures  

2.3.2.1 Fat Phobia 

To determine if exposure to the different obesity aetiologies could influence fat 

phobia scores (FPS score), a one-way ANOVA was run, which revealed a significant effect 

of obesity aetiology on FPS, (F(3, 287)= 3.82, p=.010, η2
p =.038) (see Figure 2.1). Within 

this, pairwise comparisons (Bonferroni corrected) demonstrated that both the genetic 

(M=4.70, SD=.67) and early life epigenetic (M=4.74, SD=.69) articles predicted reduced 

scores on the Fat Phobia Scale relative to the behavioural condition (M=5.08, SD=.97), 

p=.016 and p=.034 respectively. No other comparisons were significant.  

In addition, collapsing the aetiology conditions into two groups allowed us to examine 

effects by level of control. The ANOVA examining the effect of level of control on fat 

phobia was significant (F(1, 289)= 8.66, p=.004, η2
p =.029), with those in the high level of 

control conditions (behaviour and adult epigenetic) (M=4.99, SD=.88) showing elevated fat 

phobia compared to those in the low level of control conditions (genetic and early life 

epigenetic) (M=4.72, SD=.68). 

Use of a moderated regression run in PROCESS indicated that, for fat phobia, there 

was no significant interaction between obesity aetiology and participant BMI.  
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Figure 2.1 

The effect of obesity aetiology on fat phobia 

 

Note. Error bars denote standard errors. 

 

2.3.2.2 Agency 

Similar results were found with all other outcomes relating to judgements of the 

vignette character. A one-way ANOVA indicated a significant effect of obesity aetiology on 

agency (F(3, 287)= 40.12, p<.001, η2
p =.295) (see Figure 2.2). Unpacking this, pairwise 

comparisons (Bonferroni adjusted) demonstrated that there was no difference between the 

genetic (M= 4.24, SD= 1.37) and the early life epigenetic aetiologies (M=4.25, SD= 1.14) 

(p=.99), however all other differences were significant: participants who accessed the genetic 

and early life epigenetic information rated the vignette character as having reduced agency 

over his obesity than those who accessed the behavioural information, (M=5.93, SD=.97) and 

the adult epigenetic information (M=5.21, SD=1.01) (p<.001 for both contrasts). Those in the 

adult epigenetic aetiology condition also scored significantly lower on agency than those in 

the behavioural aetiology condition (p=.001).  
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Analysing effects on agency by level of control revealed a significant effect, (F(1, 

289)= 100.62, p<.001, η2
p =.258), with low control conditions (M=4.24, SD=1.26) associated 

with reduced agency compared to high control conditions (M=5.58, SD=1.05).  

A moderated regression indicated that for attributed agency, there was no significant 

interaction between obesity aetiology and participant BMI.  

Figure 2.2 

The effect of obesity aetiology on agency 

 

 

 

2.3.2.3 Blame.  

Similarly, obesity aetiology predicted differences in blame (F(3, 287)= 31.72, p<.001, 

η2
p =.249) (see Figure 2.3). Pairwise comparisons (Bonferroni adjusted) demonstrated that the 

genetic (M=4.65, SD=2.16) and early life epigenetic texts (M=4.77, SD=1.75) predicted less 

blame towards the vignette character with obesity than the behavioural (M=7.01, SD=1.69) 

(p<.001 for both comparisons) and the adult epigenetic texts (M=6.23, SD=1.68) (p<.001 for 
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early life epigenetic texts (p=.1.000), whilst the behavioural condition was predicted more 

blame than the adult epigenetic condition (p=.022).    

The level of control ANOVA found that level of control predicted differences in 

blame, (F(1, 289)= 84.39, p<.001, η2
p =.226), with low level of control aetiologies (M=4.71, 

SD=1.96) associated with reduced blame compared to high level of control aetiologies 

(M=6.63, SD=1.72). 

A moderated regression indicated that for blame, there was no significant interaction 

between obesity aetiology and participant BMI.  

Figure 2.3 

The effect of obesity aetiology on blame 

 

 

 

2.3.2.4 Stability 

The reverse patterns were found for stability and empathy. A one-way ANOVA 

demonstrated a significant difference in perceived stability of John’s obesity based on 

aetiology (F(3, 287)= 16.29, p<.001, η2
p =.146) (see Figure 2.4) .  
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Within this, pairwise comparisons found that the genetic (M=2.83, SD=1.03) and early 

life epigenetic aetiologies (M=2.84, SD=.98) predicted perceptions of increased stability of 

John’s obesity compared to the behavioural (M=1.95, SD=.75) (p<.001 for both comparisons) 

and the adult epigenetic aetiologies (M=2.35, SD=.94) (p=.011 and p=.009 respectively). 

Whilst there was no difference between the genetic and early life epigenetic conditions 

(p=1.000), the adult epigenetic aetiology predicted a perception of John’s obesity as 

marginally more stable than the behavioural aetiology (p=.084).  

 Level of control also predicted differences in stability (F(1, 289)= 42.15, p<.001, η2
p 

=.127), with low level of control conditions (M=2.84, SD=1.00) predicting perceptions of the 

character’s obesity as more stable than high level of control conditions (M=2.14, SD=.87). 

A moderated regression indicated that for stability, there was no significant interaction 

between obesity aetiology and participant BMI.  

Figure 2.4 

The effect of obesity aetiology on stability 
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2.3.2.5 Empathy 

A one-way ANOVA demonstrated a significant effect of aetiology on empathy scores 

(F(3, 287)= 4.77, p=.012, η2
p =.037) (see Figure 2.5), however here the only difference found 

within the pairwise conditions was that the early life epigenetic aetiology (M=4.38, SD=1.09) 

predicted significantly more empathy than the behavioural aetiology (M=3.67, SD=1.27) 

(p=.012).  

 However, level of control nevertheless predicted differences in empathy, (F(1, 289)= 

8.17, p=.005, η2
p =.027) in that low control conditions (M=4.20, SD=1.13) predicted greater 

empathy scores than high control conditions (M=3.78, SD=1.32). 

A moderated regression indicated that for empathy, there was no significant 

interaction between obesity aetiology and participant BMI.  

Figure 2.5 

The effect of obesity aetiology on empathy 
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2.3.2.6 Food policy support 

An ANOVA indicated that there was no effect of aetiology on food policy support 

(F(3, 287)= 2.05, p=.107, η2
p =.021). Similarly, level of control had no impact on food policy 

support (F(1, 289)= .87, p=.353, η2
p =.003).  

A moderated regression indicated that, for attributed agency, there was no significant 

interaction between obesity aetiology and participant BMI. 

2.3.2.7 Legal Protection Policy Support 

An ANOVA demonstrated there was no main effect of obesity aetiology on 

participant support for a policy of obese individuals to have the same legal protections as 

disabled individuals (F(3, 287)= .58, p=.629, η2
p =.006). The level of control ANOVA was 

also non-significant for legal protection policy support (F(1, 289)= .07, p=.792, η2
p <.001). A 

moderated regression found a significant interaction between obesity aetiology and 

participant BMI on legal protection support.  

Specifically, a significant interaction was identified for genetic vs. behavioural x BMI, 

(b=.129, t(192)=2.16, p=.032). However, although the slopes were in different directions 

(legal protection policy support appearing to decrease with participant BMI when participants 

read genetic accounts, but increase with participant BMI when participants read behavioural 

accounts) at low BMIs (1 standard deviation below the mean) (b=-.590, t(192)=-1.31, 

p=.192), and high BMIs (1 standard deviation above the mean) (b=.798, t(192)=1.62, 

p=.108), in short at each identified point on the moderator, there were no significant 

differences between genetic and behavioural conditions.  

A significant genetic vs. early life epigenetic x BMI interaction was also observed on 

legal protection policy support, b=.137, t(192)=2.45, p=.015. As shown in Figure 2.7, for 

those with lower BMIs (1 SD below the mean), there was no difference in support for legal 
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protection policy between the genetic and early life epigenetic conditions b=-.368, t(192)=-

.81, p=.418. However, for participants with higher BMIs, (1 standard deviation above the 

mean), there was a difference between genetic and early life epigenetic conditions in legal 

protection policy support, b=1.102, t(192)=-2.57, p=.011, with those in the early life 

epigenetic condition scoring 1.102 points higher on support for legal protection policy for 

obese individuals than those in the genetic condition.  

However, no significant interaction was observed for genetic vs. adult epigenetic x 

BMI,  b=.058, t(192)=1.13, p=.258. 

 From the simple slopes it appears that although support for legal protection after 

viewing a genetic aetiology reduces with BMI, support for legal protection in the early life 

epigenetic and (to a lesser extent, behavioural) aetiology increases with BMI. 

Figure 2.6 

The interaction of obesity aetiology and BMI on legal protection policy support 
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2.3.2.8 Discriminatory Policy Support 

ANOVAs indicated there were no main effects of obesity aetiology (F(3, 287)= 1.23, 

p=.300, η2
p =.013), or level of control (F(1, 289)= .61, p=.434, η2

p =.002) on discriminatory 

hiring policy support.  Similarly, ANOVAs demonstrated there was no significant effect of 

obesity aetiology (F(3, 289)= 2.27, p=.081, η2
p =.023) or level of control (F(1, 289)= .86, 

p=.356, η2
p =.003) on discriminatory health insurance policy support. Using moderated 

regressions, there were no interactions between obesity aetiology and participant BMI on 

discriminatory hiring policy support or discriminatory health insurance policy support.  

2.3.2.9 Societal Responsibility 

An ANOVA suggested there were no main effects of obesity aetiology on 

participants’ perception of obesity being a problem that society should solve (F(3, 287)= 

1.54, p=.204, η2
p =.016). Similarly, there was no effect of level of control on societal 

responsibility (F(1, 289)= 2.21, p=.138, η2
p =.008).  However, a moderated regression 

demonstrated a genetic vs. adult epigenetic x BMI interaction, b=.141, t(191)=2.39, p=.018. 

As shown in Figure 2.7, for those with higher BMIs, there was no difference between ratings 

that obesity is a problem society should solve between the genetic and adult epigenetic texts, 

b=.239, t(191)=.52, p=.602. For those with lower BMIs (1 standard deviation below the 

mean) there was a significant difference between genetic and adult epigenetic conditions, b=-

1.275, t(191)=-2.70, p=.008, with those in the adult epigenetic condition scoring 1.275 points 

lower on support for societal responsibility for obesity than those in the genetic condition. 

However, no interaction was observed for genetic vs. early life epigenetic x BMI, 

b=.060, t(191)=-.99, p=.320, or genetic vs. behaviour x BMI, b=.007, t(191)=.12, p=.906. 

From the simple slopes graph, it appears that whilst in the adult epigenetic aetiology, 

support for societal responsibility for obesity increases with BMI, for the genetic aetiology, it 

decreases slightly with BMI.   
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Figure 2.7 

The interaction of condition and BMI on perceived societal responsibility for obesity 
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2.3.3.1 Agency 

There was a significant indirect effect of control on fat phobia through agency b=.20, 

95% CI [0.087, 0.312], suggesting the level of control of the condition indirectly influenced 

fat phobia through its effect on agency. As can be seen from Figure 2.8, participants in high 

control conditions (behavioural and adult epigenetic) viewed the vignette character John as 

having greater agency over his obesity than participants in the low control conditions (genetic 

and early life epigenetic) (a=1.34), and those who viewed John as having greater agency over 

his obesity also expressed greater fat phobia towards him (b= .15). A bias-corrected bootstrap 

confidence interval for the indirect effect did not cross 0 (0.09 to 0.31), and there was no 

evidence that level of control influenced fat phobia independently of its effect on agency 

(c’=.07, p=.486).  

Figure 2.8 

Mediator model predicting fat phobia via agency 
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2.3.3.2 Blame 

There was also a significant indirect effect of control on fat phobia through blame 

b=.24, 95% CI [0.149, 0.368], indicating the level of control of the condition indirectly 

influenced fat phobia through its effect on blame. From Figure 2.9, participants in high 

control conditions (behavioural and adult epigenetic) viewed the vignette character John as 

being more to blame for his obesity than participants in the low control conditions (genetic 

and early life epigenetic) (a=1.93), and those who viewed John as being more to blame for 

his obesity also expressed greater fat phobia towards him (b= .13). A bias-corrected bootstrap 

confidence interval for the indirect effect did not cross 0 (0.15 to 0.36), and there was no 

evidence that control condition influenced fat phobia independently of its effect on blame 

c’=.03, p=.792).  

Figure 2.9 

Mediator model predicting fat phobia via blame 
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phobia through its effect on stability (see Figure 11). Specifically, participants in high control 

conditions viewed John’s obesity as less stable than participants in the low control conditions 

(a=-.70), and those who viewed John’s obesity as less stable also expressed greater fat phobia 

towards him (b= -.17). A bias-corrected bootstrap confidence interval for the indirect effect 

did not cross 0 (0.05 to 0.21), and there was no evidence that level of control influenced fat 

phobia independently of its effect on stability (c’=.15, p=.121) (See Figure 2.10).  

Figure 2.10 

Mediator model predicting fat phobia via stability 
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however, there was evidence that control condition influenced fat phobia independently of its 

effect on empathy (c’=.28, p=.006).  

Figure 2.11 

Mediator model predicting fat phobia via empathy 
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Figure 2.12 

Full mediator model predicting fat phobia via agency, blame, stability and empathy  
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than those in low level of control groups (H3), and lastly, I predicted that the relationship 

between level of control and fat phobia would be mediated by attributed agency, blame, 

stability and empathy (H4). 

2.4.1 Effects of level of control 

Results indicated that H1 was supported, but not H2 or H3. Supporting H1, 

participants in behavioural and adult epigenetic conditions expressed greater fat phobia 

towards John, greater blame, rated John as having higher agency over his obesity, saw his 

obesity as less stable, and expressed lower empathy towards him, in comparison to 

participants in low level of control (genetic and early life epigenetic) conditions. This would 

appear to support attribution theory, in that the level of control implied in obesity aetiology 

determined responses to an obese target character; if John’s obesity was implied to have a 

cause within his control, he was blamed and stigmatised, whereas when the implied cause 

was outside of his control, there was greater empathy and less stigma towards him. This 

finding is also consistent with previous literature examining the effects of causes within and 

outside control (e.g. genetics vs. behaviour) on individual stigma relating to obesity, physical 

illness and mental health disorders (Matthew S Lebowitz & Appelbaum, 2019; Menec & 

Perry, 1998; Weiner et al., 1988).  

H2 and H3 on the other hand were not supported. There were no significant effects of 

level of control on policy support and perceptions of societal (vs. individual) responsibility, 

or on health behaviour motivation. This could be explained by the possibility that reading 

aetiology information about obesity (where 81% of participants who reported height and 

weight were not obese) and a case study of an obese vignette character kept focus firmly on 

the ‘other’, and not on the self. This ‘other’ focus perhaps therefore influenced attributions 

towards the character, but did not influence policy support or health behaviour motivation, 

both of which are likely to be more self-referential (for example, people may consider their 
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policy support more on the basis of whether policies are likely to benefit themselves, rather 

than a potential benefit to another). This effect may have been reinforced by our design/order 

effects. Participants read the general article on obesity aetiology, but then read about an 

individual with obesity, and answered questions about them: questions on policy support and 

health motivation were at the end of the survey, furthest away from the initial article. 

2.4.2 Aetiology-specific effects 

Analyses by aetiology also allowed a more specific focus on epigenetic accounts, and 

how they may be interpreted in relation to genetic and behavioural causal explanations of 

obesity. From these analyses, early-life epigenetic aetiologies show promise in relation to 

stigma-reduction and empathy. In terms of attributions towards others, early life epigenetic 

accounts were found to elicit similar responses to a genetic account of obesity, with no 

significant differences between the aetiologies in fat phobia, agency, blame or stability (and 

both lower in fat phobia, agency and blame, and higher in stability than behavioural 

accounts). As such, attributing the cause of someone’s obesity to events that influenced their 

epigenetics in early life is likely to reduce weight stigma towards them to a similar degree as 

would a genetic account. Whilst increased stability has in some cases been observed to 

increase stigma, our evidence suggests that both genetic and early life epigenetic accounts of 

obesity predicted reduced stigma in comparison to behavioural accounts. Early life epigenetic 

aetiologies may therefore prove beneficial in stigma reduction, perhaps even over and above 

genetic accounts -  research suggests that genetics is commonly perceived as responsible for 

obesity in only a small number of cases (Joslyn & Haider-Markel, 2019), whereas by 

comparison, the kinds of exposures relevant to early life could be relevant to a large 

proportion of people. 

Early life epigenetic accounts of obesity may also prove useful in promoting empathy. 

Whilst there were no significant differences between early life epigenetic and genetic 
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aetiologies, early life epigenetic was the only aetiology associated with greater empathy than 

the behavioural aetiology. A potential explanation for this could be that although genetic and 

early life explanations of obesity both produce perceptions of a person having low control of 

their weight (as evidenced by the agency scores), a person’s genes inherited by their parents 

are a product of chance and unavoidable, whereas early life exposures potentially could have 

been avoided, and potentially give the idea of someone to blame, whether that is John’s 

parents, or the society in which John lives. The present questionnaire did not include 

questions on participants’ sense of responsibility or blame towards John’s parents, but given 

warnings from the social science literature of the potential of early epigenetic accounts to 

promote mother blame (Winett, Wallack, Richardson, Boone-Heinonen, & Messer, 2016), 

this suggests an interesting avenue for further research.  

Lastly, the early life epigenetic aetiology was also shown to have specific effects on 

legal protection policy support, when considered in relation to BMI. For participants with 

high BMIs, only the early life epigenetic aetiology was associated with significantly higher 

support than the genetic aetiology (in which support was lowest) for obese people being 

given equal legal protections as those with disabilities. This may seem surprising, especially 

as other research has found positive associations between genetic causal beliefs and legal 

protections, and legal protection support here was numerically highest in the genetic 

aetiology for those with low BMIs (although not significantly different from other 

aetiologies). This may be due to beliefs relating to the proportion of cases of obesity 

attributable to genetic causes – if believed to be low (and participants with higher BMIs may 

have more experiential insight into causes than those with low BMIs), then only some obese 

people would, by definition, be ‘worthy of help’. An early life epigenetic account, on the 

other hand, is low in individual control, but contains causes which may be applicable to 
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anyone. Thus, this may explain why the early life epigenetic account was shown to be related 

to legal protection policy support. 

An adult epigenetic aetiology, meanwhile, was not significantly different from a 

behavioural aetiology in terms of fat phobia. However, these former aetiologies did predict 

less agency, less blame and marginally less stability than behavioural accounts. These 

differences (however marginal) were unexpected – it was predicted that both behavioural and 

adult epigenetic accounts would be perceived as equally high in control. These differences 

may relate to that an adult epigenetic account contains elements that may be perceived as low 

and high in level of control: namely, by including genes and behaviour. The intermediate 

response to an adult epigenetic account may be understandable in view of both genetic and 

behavioural mental models being activated in processing this aetiology. Whilst fat phobia 

was no different between behavioural and adult epigenetic aetiologies, scores on blame were 

lower than a behavioural account, indicating potential for an adult epigenetic account to be 

(marginally) less stigmatising than a purely behavioural account, even if this comes with the 

cost of reduced perceptions of agency. However, it should be noted that this pertains to the 

agency of another person, an obese target character – as such it does not necessarily follow 

that an adult epigenetic account would reduce participants’ own sense of agency in relation to 

weight control. Hence, in relation to attributions of another’s obesity, adult epigenetic 

accounts may be perceived as somewhere between behavioural and genetic accounts. 

With regards to societal responsibility, the only other interaction with BMI noted was 

that agreement that obesity is a problem society should be responsible for ‘solving’ was lower 

in the adult epigenetic condition than the genetic – but only for participants with low BMIs. 

This finding appears to contradict the legal protection policy support finding (which found 

that the early life epigenetic information predicted higher legal protections policy support 

than the genetic information, but only for those with high BMIs) – however, it should be 
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noted that whilst the genetic aetiology was associated with agreement society should be 

responsible for ‘solving’ obesity, genetic aetiologies were not generally associated with high 

policy support, and were in fact for participants with higher BMIs associated with the lowest 

support for legal protection policy.  

Notwithstanding the perceptions of the adult epigenetic account as somewhere 

between genetic and behavioural explanations, it appears the double-edged sword of stigma 

predictions is supported: one can either view the cause of someone’s obesity as being outside 

of their control, which reduces stigma and blame, and increases empathy, but also increases 

perceived stability and reduces the perceived agency of the person over their weight– or one 

can believe that a person’s obesity is changeable and that they have the agency to do this – 

but at the cost of higher stigma and blame, and lower empathy.  

2.4.3 Mediation 

The final hypothesis, H4, was supported: the relationship between level of control and 

fat phobia was mediated by agency, blame, stability and empathy. High control conditions 

increased perceived agency and blame, both of which increased fat phobia. High control 

conditions also decreased stability and empathy, which also had the effect of increasing fat 

phobia. These results contribute to understanding the mechanisms involved in how control in 

aetiology influences fat phobia. These results support Khan et al.’s results, that increased 

agency and reduced empathy can explain stigma. However, they contrast with those found in 

Hoyt, Burnette, Auster-Gussman & Blodorn-Major’s (2017) work on the obesity stigma 

asymmetry model. Hoyt et al. posit that perceived control leads to increased blame, which 

increases anti-fat prejudice (thus far concordant with the present work) but also that 

perceived control leads to reduced essentialist thinking, which leads to reduced anti-fat 

prejudice. It was by these opposing mechanisms that Hoyt et al. and others (Ata et al., 2018; 

Burnette et al., 2017; Nutter et al., 2018) explained a null overall effect of obesity aetiology 
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on anti-fat prejudice. By contrast, the present results find that perceived control leads to 

reduced stability (a construct with many parallels to entity thinking, with a number of 

similarities in question items), which leads to increased fat phobia. The difference of the 

effect of stability (increasing prejudice in previous work, reducing it here) can perhaps be 

explained by the differences in the obese targets. When perceiving an individual’s traits as 

stable or fixed, fat phobia may well be reduced, because the individual is seen as having little 

choice. However, perceiving a group’s traits as stable or fixed may lead to ‘othering’ of that 

group, perceiving them as different to and somehow worse than the self, which could feasibly 

increase fat phobia. These findings have implications for how control is used in stigma 

reduction efforts; if low control aetiologies lead unequivocally to reduced stigma for 

individuals, but not for groups as a whole, careful consideration should be applied when 

communicating low control aetiologies, such as early life epigenetic programming 

information. 

2.4.4 Limitations 

There are a number of limitations worth considering here – firstly, there was no 

explicit control condition, which limits our ability to make precise conclusions as to how the 

results obtained for the various aetiologies might compare to individual responses following 

no (or irrelevant) information. However, given that most individuals appear to hold 

predominantly behavioural explanations of obesity (Luck-Sikorski, Riedel-Heller, & Phelan, 

2017), and that previous research has found no or little difference between behavioural 

conditions and control conditions (e.g. Teachman et al. (2003)), it is likely that a control 

condition would have elicited similar results in terms of stigma to the behavioural condition. 

As such, this may point towards the promise of early life epigenetic – and even adult 

epigenetic – explanations of obesity in reducing weight stigma. Secondly, the study cannot 

distinguish attribution theory and another proposed model, the justification suppression 
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model (Crandall & Eshleman, 2003). Whilst the control of John’s obesity was here 

manipulated, and resulted in differential expressions of weight stigma, it cannot be 

conclusively stated that the variation in conditions caused reduced stigma. Another possible 

theory is the justification suppression model, which states that those who are already 

prejudiced will express this prejudice when there is the opportunity of some justification for 

doing so. In this context, reading an article about the behavioural determinants of obesity may 

offer an opportunity for expressing pre-existing weight stigma, whilst reading about how 

obesity can be out of a person’s control subtly conveys a social cue that prejudice towards 

that person is now unacceptable, and thus is temporarily suppressed. As such, something the 

present work bears in common with much of the literature investigating the effects of 

aetiological accounts of obesity on weight stigma, is that it cannot necessarily differentiate 

between attribution theory and justification suppression theory as explanatory theoretical 

frameworks for its results. Thirdly, given the gender of the obese character was male, the 

present results cannot necessarily generalise to how people might perceive females or to their 

perception of people with obesity as a group. Addressing the gender limitation however, 

previous obesity stigma research has found no difference in results between vignette 

characters of each gender (Hooper, Crumpton, Robinson, & Meier, 2018; Luck-Sikorski et 

al., 2017). 

Finally, the present study may not have been optimal for exploring effects of 

aetiological account on policy support or health behaviour motivation. Whilst the original 

aetiology article was more general in scope (albeit applied to obesity), it was followed by a 

specific case study, which may have placed focus away from the self. As such, future work 

could examine the effects of epigenetic aetiological accounts on individual personal health 

motivation in a more targeted way.  
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2.4.5 Conclusions and future directions 

The present results demonstrate that the effects of providing epigenetic aetiological 

information about obesity differ as a function of whether early or adult life accounts are 

communicated. Early life accounts are interpreted in ways largely synonymous with genetic 

accounts in terms of low fat phobia, agency and blame, and high stability. However, they are 

also associated with greater legal protection policy support than genetic accounts (for higher 

BMI participants), as well as being the only accounts associated with greater empathy than a 

behavioural explanation. As such, early life epigenetic accounts show promise for reducing 

obesity stigma, perhaps because they imply low personal control, but are also amenable to 

societal intervention in a way that genetic accounts are not. Adult epigenetic accounts, on the 

other hand, elicit responses intermediate to genetic and behavioural accounts (although more 

towards behavioural than genetic): and are associated with similar fat phobia and empathy, 

less blame, and marginally less agency and more stability.  

As obesity rates climb worldwide, understanding the potential influences of weight 

stigma, obesity-related policy support and health behaviour motivation become increasingly 

important. The present findings broadly support the ‘double-edged sword’ of obesity 

aetiologies as predicted by attribution theory, in that communicating low personal control 

aetiologies reduces blame towards obese individuals but also reduces perceived agency over 

weight. Stepping outside of this model however, early life epigenetic accounts can lead to 

increases in empathy and legal protection policy support, providing equal stigma-reduction, 

but important advantages over genetic aetiologies.  

Building on these results, future work should examine whether early life epigenetic 

aetiology accounts can promote relevant policy support and stigma-reduction in relation to 

other public health issues, and whether reduced stigma towards obese individuals may come 

at a cost of increased stigma towards parents and early caregivers. In addition, the present 
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work leaves open the question of whether epigenetic aetiologies of health can influence 

health behaviour motivation or blame towards the self. Therefore, future research should also 

examine whether the present effects on agency obtained from epigenetic aetiological 

information can extend to effects on individual health behaviour motivation.  
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Chapter 3 - Study 2: Communicating epigenetic ageing 

through early life programming and adult malleability 

approaches: effects on attributions, blame, and motivation 

3.1 Introduction 

In 2018 for the first time in world history the number of people aged 65 and over 

outnumbered those aged five and under (Desa, 2019). In the years ahead this trend is set to 

continue, and it is estimated that by 2075, the 65 and over population will outnumber those 

younger than 15 (Desa, 2019). Whether those extra years of life are perceived to provide an 

opportunity or a burden for governments around the world may largely depend on whether 

they are healthy years, or years characterised by increased disease, disability and dependence 

(Prince et al., 2015). As such, the idea of ageing well, and holding off age-associated diseases 

such as cancer, cardiovascular diseases, type 2 diabetes and Alzheimer’s becomes 

increasingly important, as does the need for an accurate measure of the ageing process 

(Guerville et al., 2020). While most of us are aware of how old we are in chronological years, 

fewer of us may be aware of how quickly (or slowly) our bodies are biologically ageing in 

relation to this. Many indicators have been proposed as measures of our biological age, from 

telomere length, to serum analytes, mitochondrial function and deficit or frailty indices 

(Ferrucci et al., 2020; Jazwinski & Kim, 2019). Among this group, it has been suggested that 

one of the most reliable indicators of biological ageing is an assessment of one’s epigenetic 

age (Jylhävä, Pedersen, & Hägg, 2017). 

Epigenetic refers to a layer of regulatory information over and above the genetic 

information conferred by the DNA sequence. This regulatory information, collectively called 

the epigenome, affects gene expression, replication and repair (Gibney & Nolan, 2010). At its 

most basic level, epigenetic mechanisms control the extent to which genes are switched on or 
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off. Research suggests that epigenetic mechanisms play a key role in the ageing process (Pal 

& Tyler, 2016), and that changes in gene activity over the lifespan influence our risk of 

developing age-associated health problems, including cancer, depression, diabetes, 

Alzheimer’s and heart disease (Alvarado-Cruz, Alegría-Torres, Montes-Castro, Jiménez-

Garza, & Quintanilla-Vega, 2018; Argentieri, Nagarajan, Seddighzadeh, Baccarelli, & 

Shields, 2017; Lawn et al., 2018; Muka et al., 2016).  

Recently, epigenetic ageing has become trackable through what is known as an 

epigenetic clock, a measure of the DNA methylation (a form of epigenetic mark) patterns 

across the human epigenome. One of the most commonly used clocks for this purpose is 

Horvath’s clock, which measures the methylation at 353 sites on the human genome to 

predict age in years of the source of the DNA (Horvath & Raj, 2018). From this process, 

comparing a person’s chronological age to their age on the epigenetic clock can suggest 

whether they are biologically ageing at an average, fast or slow rate (Horvath & Raj, 2018). 

The epigenetic clock has been found to predict lifespan in humans. In a recent study by Perna 

et al. (2016), having a fast epigenetic clock (accelerated epigenetic ageing) was found to 

predict development of cancer, heart problems and all-cause mortality.  On the other hand, a 

study of Italian semi-supercentenarians (individuals aged between 105-106; Horvath et al. 

(2015)) demonstrated these people had slow epigenetic clocks: on average their bodies were 

approximately 8 years younger than their actual age.  

Epigenetic processes may be influenced by where we are in the life-course. Research 

indicates that early life (from post-conception through childhood) is a particularly sensitive 

period for epigenetic responses to our environments, and epigenetic change during this time 

can ‘program’ our risk for later ill health (Vaiserman, 2015; Wallack & Thornburg, 201 ). 

For example, early exposure to chemicals (such as cigarette smoke, bisphenol A and air 

pollution) or being over- or undernourished in the womb may change the expression of genes 
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relating to appetite, insulin and metabolism in ways that increase our risk of obesity, diabetes 

and other chronic health conditions (Kappil, Wright, & Sanders, 2016). Early life epigenetic 

mechanisms also respond to psychosocial factors of our early experience. For example, recent 

studies have suggested that experiences of trauma, abuse, neighbourhood disadvantage or 

financial hardship are all robustly associated with accelerated epigenetic ageing (Hamlat, 

Prather, Horvath, Belsky & Epel, 2021; Marini et al., 2021; Simons et al., 2016).  

Whilst early life is influential, research suggests our adult lives can also influence our 

epigenetics and health. For example, following an unhealthy diet may promote gene 

expression patterns consistent with slower metabolism, insulin resistance and an altered 

immune function, all factors which increase our risk of non-communicable disease (Paul et 

al., 2015). However, much of the adult epigenetic literature focuses on the potential that our 

behaviours may, over time, reverse some of the epigenetic effects of our earlier lives. For 

example, Huang et al. (2015) demonstrated that formerly obese individuals who were able to 

retain healthy weights for several months were found to have epigenetic profiles that more 

resembled individuals of healthy weights than individuals with obesity, whilst quitting 

smoking has been found to reverse the majority of methylation changes associated with 

smoking within 5-11 years of quitting (Dugué et al., 2020; Joehanes et al., 2016). 

Early life programming and adult malleability of ageing processes have been 

identified as two key knowledge formations within epigenetic ageing research (Müller & 

Samaras, 2018), and this distinction is important because, in addition to different research 

agendas and policy directions, these two perspectives may elicit distinct cognitive, emotional 

or behavioural consequences when communicated to the general public.  

Scientists in the fields of environmental epigenetics and the developmental origins of 

health and disease are keen to communicate epigenetic findings in ways that promote 

engagement in healthy behaviours and discussion of implications for public health (McBride 
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& Koehly, 2017; Park & Kobor, 2015; Rothstein, Cai, & Marchant, 2009; Witherspoon, 

Trousdale, Bearer, & Miller, 2012). Within this, there have been suggestions that 

communicating an adult malleability perspective of epigenetic ageing processes will promote 

practice of health behaviours (McBride & Koehly, 2017), potentially because this perspective 

implies a level of control over health outcomes. Such predictions would fit within attribution 

theory (Weiner, 2010, 2018), which predicts that an outcome perceived as controllable and 

unstable will give rise to relevant emotions (e.g. guilt or regret if one has not applied effort, 

pride if one has), and motivation and effort towards the desired goal (in this case, health and 

delayed ageing).  

Evidence from the health science literature provides support for the predictions of 

attribution theory, suggesting that practice of health behaviours increases with the belief that 

a health outcome is within individual control. For example, a study of over 3000 participants 

measuring genetic or behavioural causal beliefs of chronic health conditions, found that only 

behavioural causal beliefs were associated with attempts to increase physical activity and lose 

weight (Nguyen, Oh, Moser, & Patrick, 2015). Similarly, correlational work finds that a 

belief that genes determine lung cancer and obesity predict greater smoking and physical 

inactivity respectively (Kaphingst, Lachance, & Condit, 2009; Wang & Coups, 2010). Given 

that beliefs of health outcomes as personally controllable are associated with efforts towards 

healthy behaviours, it could be predicted that communicating controllable aspects of 

epigenetic ageing would result in increased health behaviour motivation.  

However, to imply the individual is in control may also imply they are responsible, 

and there are concerns that communicating adult malleability perspectives of epigenetics may 

push responsibility and blame solely onto individuals. Dupras and Ravitsky (2016) argue that 

the new opportunities identified by epigenetic research to improve individual and public 

health reveal a new set of moral agents to be held accountable if they fail to take those 
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opportunities. If adult malleability accounts are communicated, the individual is likely to be 

held responsible – a position that could both prove attractive to governments with limited 

fiscal resources keen to avoid further spending on health or social care (Dupras & Ravitsky, 

2016) and could also contribute towards the stigmatisation of those with health problems.  

Attribution theory suggests the trade-off of control promoting increased effort is 

potentially increased blame and prejudice, and reduced willingness to help those who are 

judged not to be making those efforts (Weiner, 2018). Experimental work has demonstrated 

that where individuals’ health conditions are described as having a behavioural, rather than a 

biological aetiology, ratings of dislike, blame, responsibility and anger increase, and 

willingness to help reduce (Menec & Perry, 1998; Weiner, Perry, & Magnusson, 1988). 

Communicating adult malleability accounts of epigenetics and health may therefore 

encourage societal blame and stigma towards those with poor health for ‘failing to take 

responsibility’. The most likely targets of this blame are the most disadvantaged members of 

society - those who are the most affected by poor health, least equipped to make successful 

behavioural change because of socioeconomic and environmental inequalities, and whose 

efforts at change might be least successful in altering their health state partly due to 

epigenetic adaptations in early life (Dupras & Ravitsky, 2016; Juengst, Fishman, McGowan, 

& Settersten Jr, 2014).   

Communicating early life epigenetic accounts of health on the other hand, could be 

predicted to involve the opposite set of trade-offs. The lack of individual control implied may 

have the effect of reducing individual blame and directing attention towards the need for 

public health interventions towards redressing health inequalities, but may also foster a sense 

of learned helplessness in individuals with adverse early life exposures analogous to the 

effects of genetic determinism (Waggoner & Uller, 2015). A case in point is the trend 

towards characterising mental health disorders as ‘biological brain disorders’ in efforts to 
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reduce mental health stigma. Research suggests that while describing mental health issues as 

biologically or genetically based can reduce blame towards sufferers (and self-blame within 

these populations), pessimism (of the individual with a condition, or the general public) over 

the probability of recovery increases (Deacon & Baird, 2009; Lam & Salkovskis, 2007; Lam, 

Salkovskis, & Warwick, 2005; Lebowitz, 2014; Lebowitz, Pyun, & Ahn, 2014; Lebowitz, 

Rosenthal, & Ahn, 2016). Whilst early life epigenetics is not the same as genetics, scholars 

have argued that with terms such as ‘programming’, the language used to describe early life 

epigenetics is in many ways similarly deterministic (Dupras, Saulnier, & Joly, 2019; 

Waggoner & Uller, 2015). As such, it could be predicted that early life epigenetic accounts 

may reduce individual blame at the cost of health behaviour motivation, whilst adult accounts 

may increase health behaviour motivation, at the cost of increased blame.  

Previous research on the social psychological effects of communicating epigenetics is 

currently limited, but mostly supports the notion that knowledge of the power of behaviour to 

influence epigenetics and health increases perceived agency and in some cases, practice of 

health behaviours. Within mental health, Lebowitz, Ahn, and Nolen-Hoeksema (2013) 

randomly allocated participants who were currently experiencing depression to audio-visual 

material explaining depression in terms of genes and brain structure, or epigenetics and 

neurochemistry (the malleable condition). Findings demonstrated that those in this latter 

condition demonstrated reduced prognostic pessimism, increased feelings of agency, and 

decreased general hopelessness. These results have since been replicated at a 6-week follow 

up (Lebowitz & Ahn, 2015), within eating disorder populations (Farrell, Lee, & Deacon, 

2015), and with non-depressed participants, who rated the ‘average depressed person’ as 

having increased agency, a shorter predicted symptom duration and improved odds of 

recovery in the epigenetic and neurochemistry condition as compared to the ‘biological 

illness’ condition (Lebowitz et al., 2013). These results indicate the potential of adult 
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malleability epigenetic aetiological explanations to induce feelings of agency over health, and 

an emotional response of hope.  

There is also preliminary evidence to suggest such accounts can predict or are 

associated with behaviour change. In 2018, Woods-Townsend et al. (2018) ran a 2-3 week 

school module with 13-14 year olds on epigenetics and the developmental origins of health, 

finding increased subject knowledge, but no significant change in health behaviours at a one 

year follow up. However, Bay, Vickers, Mora, Sloboda, and Morton's (2017) 4-6-week 

school module on the same subject predicted changes in attitudes and behaviours. Findings 

from the latter’s three-month follow up indicated positive changes in health attitudes (e.g., 

increased recognition that a healthy diet was important) and behaviours, with adolescents 

previously at dietary risk of obesity reporting healthy changes in eating habits. These changes 

were persistent at a 12-month follow up. Furthermore, a recent correlational study has found 

that knowledge of developmental origins of health is positively associated with a healthy 

pregnancy diet in expectant mothers (McKerracher et al., 2020). This association persisted 

after adjusting for sociodemographic factors (socioeconomic status was associated with 

increased knowledge of this subject), and the authors concluded that whilst the direction of 

the effect could not be inferred, the findings suggest that developmental origins of health 

knowledge is linked to health behaviour motivation in this population.   

Previous literature also suggests potential for epigenetic accounts of health to 

influence blame and stigma. The results of Study 1 in this PhD thesis indicated that 

presenting aetiologies of obesity in terms of adult epigenetic mechanisms was associated with 

greater perceived agency over weight, and greater blame towards an individual than when 

participants read about early life epigenetic or genetic causes of obesity. Similarly, 

behavioural aetiologies of obesity predicted greater perceived agency over weight, greater 

blame and greater fat phobia compared to early life epigenetic or genetic accounts.  
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The existing literature therefore suggests that communicating adult malleability 

epigenetic accounts can increase perceived agency and hope over mental health outcomes, 

that knowledge of early life programming is associated with improved diet in pregnancy and 

predicts reduced blame and stigma towards individuals with obesity, whilst a longer-term 

education program including both perspectives predicts positive changes in health attitudes 

and behaviours in schoolchildren. There are three things currently lacking in this literature, 

however. Firstly, a way to communicate the role of epigenetics in general health in a manner 

that can be quickly understood. Secondly, evidence from adult samples from the general 

population, and thirdly, experimental evidence comparing the effects of different ways of 

framing epigenetic ageing. The aim of this study was to examine the effects of these differing 

frames (early life programming vs. adult malleability) on attributions, emotions, health 

behaviour motivation and blame. In relation to blame, the study explored whether participants 

after reading these frames would be more likely to blame themselves, others in their lives, 

society around them or chance if they themselves had a high epigenetic age.  

The present online experiment involved UK adults reading an account of the 

epigenetic clock and epigenetic ageing from either an early life programming or adult 

malleability perspective. Participants then completed questions relating to attributions 

regarding the speed of their own epigenetic clocks (was it stable, controllable by themselves 

or others, and what was their locus of control), their emotional responses to the presented 

texts, heath behaviour motivations and intentions, and measures of blame (when 

hypothetically imagining they had a high epigenetic age).  

My hypotheses were as follows:  

H1: Compared to early life explanations, adult explanations of epigenetic ageing will 

predict an increased internal locus of control, and increased personal control in relation 

to the speed of one’s epigenetic clock compared to early life explanations, whilst early 
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life explanations will predict increased perceptions of stability and external control 

compared to adult explanations.   

H2: Adult explanations of epigenetic ageing will predict higher levels of positive affect, 

and lower levels of negative affect and anxiety compared to early-life explanations.  

H3: Adult explanations of epigenetic ageing will predict greater health behaviour 

motivation and behavioural intentions compared to early life explanations.  

H4: Compared to early life explanations, adult explanations of epigenetic ageing will 

predict increased self-blame when imagining one’s epigenetic age as older than one’s 

actual age, whilst early life epigenetic accounts will predict more other-blame and 

chance blame compared to adult explanations.  

3.2 Method 

3.2.1 Participants 

Ethical approval was granted by the University of Bath Psychology Research Ethics 

Committee (project approval code 20-020). Participants (N=280, 197 females) were recruited 

from Prolific (prolific.co), an online research participation platform, and received 

reimbursement in line with Prolific’s compensation requirements. The inclusion criteria 

required participants to be adults (18 years of age or above), UK residents (to avoid 

differences in exposure to narratives around ageing and health between groups), and to be 

fluent in English (due to the complexity of written texts). The questionnaire was presented in 

Qualtrics, and the mean time taken to complete it was 9.5 minutes.  

Sample size was determined from the results of a G*power analysis, which estimated 

that to detect a Cohen’s d effect size of .3, with an alpha (/power) of .8 for the planned t-tests, 

280 participants would be required. 310 survey responses were collected, from which 30 

were excluded from subsequent analyses, on the basis of failing the attention check (N¬=16), 
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completing the study in faster than 4 minutes (N=13), or indicating they were not fluent in 

English on the consent form (N=1). 

Of the final included sample of 280, participants were aged 18 to 85 (M=33.59, SD 

=12.85) and had education from no formal completed education to equivalent to doctoral 

degrees.   

3.2.2 Design & Procedure 

The study used a between-subjects design in which participants were randomly 

assigned to one of two conditions of epigenetic clock aetiology (early life epigenetic or adult 

epigenetic). Participants read a 1065-word article about the causes of epigenetic ageing from 

either an early-life or adult viewpoint, in which the first 500 words of each were identical, 

introducing epigenetics and the epigenetic clock, whilst the remaining words differed, 

explaining either the early life programming (e.g., ‘Research suggests that there are critical 

periods of development that can ‘program’ our epigenetic marks’) or adult malleable (e.g., 

‘Research suggests that our habits can determine our gene activity, influencing our epigenetic 

state and in turn our ageing and health’) influences of epigenetic ageing, with each article 

providing this information in relation to nutrition, chemical exposure and stress (see 

Appendix C for full texts).   

Before starting, all participants read the study description and provided online 

consent. Participants were then randomly assigned to read one of the two articles and 

complete an attention check (selecting the main argument of the article from a three-item 

list). Following this, participants completed the below measures. 
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3.2.2.1 Attributions 

Attributions about the personal controllability ( = .85), external controllability ( = 

.77), stability ( = .70) and locus of control1 (   .70) of participants’ epigenetic ageing 

speed were measured with the 12-item Causal Dimension Scale (Russell, 1982). Participants 

responded to items on a 9-point semantic differential scale where 9 equalled a higher score on 

the construct of interest (or a more internal locus of control on the locus subscale). The 

wording of each question began: “Is the speed of your epigenetic clock something ” with 

three responses for each construct, examples including: “Temporary ( )- Permanent ( )” 

(stability), “ aused by external factors (1) – Caused by internal factors ( )” (locus), “Not 

manageable by you (1) - Manageable by you ( )” (personal controllability) and “Over which 

others have no control (1) – “Over which others have control ( )” (external controllability). 

As these four causal dimensions are independent from one another, responses for each of the 

four subscales were analysed separately. In the locus of control subscale, two locus of control 

items were adapted to avoid confusion about whether one’s epigenetic clock is inside the 

body or refers to oneself – to which aim the items ‘inside of you/outside of you’ and 

‘something about you/something about others’ were respectively replaced with ‘caused by 

internal factors/caused by external factors’ and ‘caused by something to do with you/caused 

by something to do with others or the environment’. Other than this all items remained the 

same as the original scale.  

 
1 Weiner (2018) theorises that measures of personal or external controllability and locus of control are 

independent of each other, personal (or external) control refers to how much control an individual (or external 

factors) has over something, whereas locus of control refers to whether that condition is internal or externally 

located. For example, a genetic disease could be internal (it is more inside the self than outside) in terms of 

locus, but not under personal control. 
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3.2.2.2 Positive and negative affect 

The short-form (20-item) Positive and Negative Affect Scale (PANAS: Watson, Clark 

& Tellegen, 1988) was used to measure affect. Participants were instructed to “indicate to 

what extent you feel this way right now, that is, at the present moment” and completed the 20 

items on a 5-point scale where 1= very slightly or not at all and 5= extremely. Examples for 

positive affect items included ‘interested’ and ‘excited’, while examples for negative affect 

items included ‘distressed’ and ‘nervous’. As positive affect ( = .88) and negative affect ( 

= .88) are theorised to be independent (Watson, Clark & Tellegen, 1988), these two subscales 

were analysed separately. 

3.2.2.3 Anxiety 

To measure anxiety ( = .84), the state subscale of the six-item version of the State-

Trait Anxiety Inventory (STAI) developed by Marteau and Bekker (1992) was used, in which 

participants were asked to rate their current feelings on a 4-point scale (where 1= not at all, 

2= somewhat, 3= moderately so and 4= very much so) for the items calm, tense, upset, 

relaxed, content and worried (reverse coded for calm, relaxed and content).  

3.2.2.4 Blame 

As self-blame is usually generated in response to negative events (over which one has 

some degree of control), self-blame for speed of epigenetic ageing was measured with the 

following single item: “Please rate your agreement with the following: If my epigenetic age 

is older than my actual age, (i.e. my body is ageing faster than average for someone my age), 

I am to blame” with responses on a 7-point Likert scale where 1=strongly agree, 7= strongly 

disagree. Other-blame was measured on the same response scale, with the two items: “Other 

people in my life are to blame” and “Society is to blame” and computed as the mean of those 

item scores ( = .82). Chance blame was measured with the following item: “Circumstances 

beyond anyone’s control (e.g. luck, chance) are to blame”.  
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3.2.2.5 Health behaviour motivation/intentions  

Health behaviour motivation ( = .91) was measured by asking participants the extent 

to which “Compared to how I normally feel, right now I feel motivated to:”, with items then 

presented including eat more healthily, exercise more, reduce my smoking, reduce my 

drinking and engage more in stress-reducing practices (for example, meditation or yoga). 

Responses were given on a 10-point scale from 1 (=not at all motivated) to 10 (=completely 

motivated), with an additional response option ‘not applicable’, in case participants were non-

drinkers or non-smokers. Participants rated their behavioural intentions ( = .90) similarly, in 

response to the statement: “Compared to my usual lifestyle, in the next month, I intend to:”, 

with the same response items, and responses on a similar 10-point scale where 1  “I do not 

intend to do this at all” and 10= “I completely intend to do this”, also with a not applicable 

option.  

  

3.3 Results 

3.3.1 Data screening, descriptive statistics and preliminary analysis  

Descriptive statistics and correlations among the measures are shown in Table 3.1. In 

terms of correlations, personal control was found to be positively correlated with positive 

affect, self-blame, motivation and intentions, and negatively correlated with other blame and 

chance-blame. Positive affect, in turn, was positively associated with health behaviour 

motivation and intentions – together suggesting that perceived personal control of epigenetic 

ageing is associated with greater positive affect, which in turn is associated with higher health 

behaviour motivations. External control of epigenetic ageing, on the other hand, was 

demonstrated to be positively correlated with stability and other blame, and negatively 

correlated with internal locus of control and self-blame. Lastly, having an external locus of 

control for epigenetic ageing predicted increased anxiety, and increased anxiety was 
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associated with increased other blame and lower health behaviour motivation and intentions. 

These correlations are mostly as expected, with the exception that it could have been 

predicted that anxiety following reading about epigenetic ageing (if that anxiety was on some 

level linked to beliefs about one’s own epigenetic ageing) might be associated with increased 

health behaviour motivations and intentions – whereas here a negative relationship was found 

– increased anxiety predicted lower health behaviour motivation and intentions. This 

relationship between anxiety, motivations and intentions could possibly be explained by those 

with higher anxiety blaming others for their epigenetic age, and an external locus of control.   

 Scale reliability analysis demonstrated that all scales showed good reliability 

(Cronbach’s alpha above .70), with the exception of locus of control and stability, the latter of 

which following reliability analysis had one item removed, in order to increase its reliability 

to .70.  
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Table 3.1    

Descriptive statistics: means, standard deviations, scales, and scale reliabilities 

Measures Scale  M (SD) 1 2 3 4 5 6 7 8 9 10 11 12 

1. Personal 

control 1-9 

5.76 

(1.97) (.85)            

2. External 

control “ 

4.18 

(1.89) -.240** (.77)           

3. Stability “ 

4.19 

(1.89) -.66** .20** (.70)          

4. Locus of 

control “ 

5.04 

(1.60) .40** -.36** -.21** (.58)         

5. Positive affect 1-5 2.73 (.78) .21** -.03 -.12* .20** (.88)        

6. Negative 

affect “ 1.46 (.55) -.02 .06 -.05 -.03 -.02 (.88)       

7. Anxiety 1-4 1.85 (.60) -.09 .01 -.01 -.15* -.36** .63** (.84)      

8. Self-blame 1-7 

4.45 

(1.50) .59** -.29** -.53** .30** .08 .05 .02 _     
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9. Other blame “ 

3.51 

(1.43) -.30** .49** .23** -.39** -.14* .08 .16** 

-

.16** (.82)    

10. Chance 

blame “ 

4.04 

(1.59) -.23** .15* .24** -.16** -.14* -.05 .05 

-

.16** .30* _   

11. Motivation 1-10 

6.20 

(2.19) .19** -.08 -.10 .17** .53** -.01 -.21** .12* -.07 -.07 (.91)  

12. Intentions 1-10 

6.37 

(2.16) .13* -.10 -.06 .19** .44** -.01 -.15* .04 -.06 -.07 .85** (.90) 

 

Alpha reliabilities are presented along the diagonal, where construct is a multi-item scale. Higher values for locus of control indicate a 

more internal locus. *p <0.05, **p=<0.01.
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3.3.2 Effect of Epigenetic Ageing Explanations on Outcome Measures 

To determine the effect of the differing epigenetic ageing explanations on attribution 

measures, Welch t-tests were run. Welch t-tests were used as they provide the same values as 

(student) t-tests when homogeneity of variances isn’t violated, however control Type 1 error 

rates when assumptions of homogeneity of variance is violated (Delacre, Lakens & Leys, 

2017). For means, standard deviations and 95% confidence intervals, see Table 3.2.  

Table 3.2    

Means, standard deviations, and 95% confidence intervals 

Measure M  

Early life 

M  

Adult life 

SD  

Early life 

SD  

Adult life 

95% CI 

lower 

95% CI 

upper 

Locus of control 4.44 5.61 1.58 1.41 -1.52 -.81 

Stability 5.13 3.28 1.71 1.60 1.46 2.24 

External control 4.97 3.42 1.78 1.68 1.14 1.96 

Personal control 4.74 6.75 1.77 1.62 -2.41 -1.61 

Positive affect 2.69 2.77 .81 .76 -.26 .11 

Negative affect 1.48 1.43 .54 .57 -.09 .17 

Anxiety 1.89 1.82 .57 .62 -.07 .21 

Motivation 6.21 6.19 2.09 2.29 -.49 .54 

Intentions 6.40 6.35 2.07 2.25 -.47 .55 

Self-blame 3.72 5.15 1.50 1.11 -1.75 -1.13 

Other blame 4.18 2.86 1.28 1.27 1.02 1.62 

Chance blame 4.36 3.74 1.51 1.61 .25 .98 

 

3.3.2.1 Attributions 

Participants in the adult condition scored higher on personal control of the speed of 

their epigenetic clock than those in the early life condition (t(274)=-9.88, p<.001, d=1.18) 

and those in the adult condition also demonstrated a more internal locus of control of their 
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epigenetic clock compared to those in the early life condition (t(273)=-6.54, p<.001, d=.78). 

Effects for stability and external control were the opposite; participants in the early life 

condition scored higher on stability and external control of the speed of their epigenetic 

clocks, compared to those in the adult condition (t(275)=9.37, p<.001, d=1.12; t(276)=7.49, 

p<.001, d=.90). Thus, adult explanations of epigenetic ageing predicted higher perceptions of 

personal control and an internal locus of control over the speed of one’s epigenetic clock, 

whilst early life explanations predicted perceiving the speed of one’s epigenetic clock as 

being stable and under external control. 

3.3.2.2 Emotions 

All Welch t-tests confirmed there were no significant differences between early life 

and adult explanations of epigenetic ageing on positive affect (t(276)=-.78, p=.439, d=.10), 

negative affect (t(278)=.67, p=.503, d=.09) and anxiety (t(277)=.98, p=.331, d=.12). This 

does not support the hypothesis that adult life explanations promote positive affect, and early 

life explanations promote negative affect and anxiety.  

3.3.2.3 Motivations and Intentions 

Two Welch t-tests confirmed there were no significant differences between early life 

and adult explanations of epigenetic ageing on health behaviour motivations (t(277)=.10, 

p=.920, d=.01), or intentions (t(277)=.16, p=.870, d=.02), thereby failing to provide support 

for the third hypothesis, that adult life explanations would predict more higher motivation and 

behavioural intentions than early life accounts. 

3.3.2.4 Blame 

Early life vs. adult accounts of epigenetic ageing predicted different profiles of blame; 

with those exposed to the adult explanations scoring higher on self-blame than those exposed 

to early life explanations (t(253)=-9.09, p<.001, d=1.08), and early life explanations 

predicting higher other-blame and chance blame than adult explanations (t(278)=8.64, 
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p<.001, d=1.03; t(278)=3.30, p=.001, d=.40). Therefore hypothesis 4 was supported, in that 

adult accounts of epigenetic ageing predicted higher self-blame if one’s epigenetic age was 

older than one’s real age, whilst early life accounts predicted greater other-blame and chance 

blame if this was the case.  

3.4 Discussion 

This experiment aimed to examine the effects of early life or adult accounts of 

epigenetic ageing on attributions, emotions, blame and health behaviour motivation and 

intentions, and included four hypotheses. Firstly, it was predicted that adult accounts would 

predict increased personal control and an internal locus of control over the speed of 

epigenetic ageing, and reduced external control and stability compared to early life accounts 

(H1). Secondly, it was hypothesised that adult accounts would predict greater positive affect 

and reduced negative affect and anxiety compared to early life accounts (H2). Thirdly, it was 

suggested that adult accounts would result in increased health behaviour motivation and 

intentions compared to early life accounts of epigenetic ageing (H3), and lastly, that adult 

accounts would result in greater self-blame, and reduced other- and chance blame for an older 

epigenetic age than early life accounts (H4).  

Results indicated that H1 and H4 were supported, but not H2 or H3. Supporting H1, 

participants given an adult lifestyle explanation of epigenetic ageing perceived their own 

epigenetic ageing as more personally controllable, with an internal locus, and less stable and 

externally controlled than participants receiving an early life explanation. These results 

support those of Study 1, which found that an obese individual was perceived as having 

greater agency over his obesity, and his obesity perceived as less stable after reading an adult 

epigenetic or behavioural account of obesity compared to reading an early life epigenetic or 

genetic account. They also support Farrell et al. (2015); Lebowitz and Ahn (2015); Lebowitz 

et al. (2013)’s findings that malleable epigenetic and neurochemistry accounts of 
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psychological disorders led to participants perceiving reduced stability and increased agency 

over their mental health. This study extends these prior works, by demonstrating these 

attributions are applied to the self in relation to epigenetic processes of ageing and physical 

health, as well as to specific mental health issues and to a specific ‘other’ with obesity. That 

the effect sizes here are large perhaps indicates that given the likely newness of the topic to 

many, people’s attributions are adaptive to new information and susceptible to change. As 

such, the communication of early life or adult epigenetic information may have very real 

consequences for whether people perceive their epigenetic ageing to be within their control, 

and whether they believe it to be changeable. These impacts on attributions are important, 

because research indicates that attributions can influence such outcomes as health behaviour 

motivation, stigma, and blame.   

However, in this study there were no significant effects of early life vs. adult 

epigenetic accounts on emotion, or motivation and intention outcomes. A practical reason for 

this finding may be insufficient exposure to the arguments of the text. Previous literature has 

observed that experimental interventions aimed at targeting attributions as a means of 

reducing weight stigma have frequently been successful in reducing stigma where such 

interventions take at least an hour of participants’ time, and unsuccessful where interventions 

consist of a page or less of text (Anesbury & Tiggemann, 2000; Hilbert, 2016; Ksinan, 

Almenara, & Vaculik, 2017; Lippa & Sanderson, 2012; Teachman, Gapinski, Brownell, 

Rawlins, & Jeyaram, 2003). Similarly, Woods-Townsend et al. (2018)’s 2–3-week epigenetic 

communication intervention did not observe change in health behaviours, whilst Bay et al. 

(2017)’s otherwise similar 4-6 week intervention did. As such, (and granting the likelihood of 

other differences between these two interventions), it is possible that greater exposure to 

epigenetic information than the articles used here would be required before influences on 

health behaviour motivation and intentions could be observed. 
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Insufficient exposure may have caused no effect on motivation or intentions by 

leaving underlying beliefs around controllability of health unchanged. Whilst the subject may 

have been new for many, participants’ pre-existing beliefs about the controllability of their 

own health in general (and whether it is more subject to their adult behaviours or other 

influences) may well have extrapolated onto participants’ perceived controllability of their 

epigenetic ageing. These prior beliefs may have been relatively immune to the effects of the 

experimental manipulation articles, and influenced emotion and motivation outcomes over 

and above the effects of the articles themselves. Although this study did include an attention 

check (assessing whether participants had understood the main argument of the article), it did 

not include a manipulation check (assessing the extent to which they believed that argument). 

As such the present study cannot rule out the possibility that belief in one’s adult lifestyle (or 

early life experiences) as the main cause of epigenetic ageing does influence affect and 

motivation, but is itself not easily manipulated. Potential evidence against this argument 

comes from the fact that the articles did influence attribution outcomes in the expected ways 

– however it is possible here that participants may have been answering these questions in 

relation to epigenetic ageing in people in general and on the basis of the article’s arguments, 

instead of solely on their own attitudes about themselves. 

Insufficient exposure may also have meant insufficient time to process and reflect on 

the information given, and as such, not enough of a chance to apply these ideas to the self. 

Whilst participants on Prolific can progress through the study at their own pace, they are 

financially incentivised to complete studies quickly (as the pay is set for each study, 

regardless of time taken to complete). This combined with no designated time in the 

experiment for reflection and processing may have meant that by the point of rating 

motivations and intentions participants had not had much of an opportunity to relate the study 

information to their own lived experiences. This omission is potentially important, because 
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attribution theory states a sequence whereby an attribution event (e.g., failing a test) leads to 

attributions, then emotions and then a behavioural response. Without the chance to apply 

epigenetic information to the self (and consider whether one’s own epigenetic age is likely to 

be young or old from the information given), the personally relevant attribution event may 

have been missing. The articles could allow for inferences on controllability and other 

attributions, but without this self-referent event the full sequence could not be completed and 

therefore no effect on emotional response or motivation and intentions could be observed. To 

correct for this, future work could provide participants an opportunity to reflect upon their 

own probable epigenetic age before completing emotion and motivation measures.  

Aside from insufficient information exposure, a conceptual argument for why adult 

epigenetic accounts may not increase health behaviour motivation when presented alone is 

that in their core logic they are not essentially different from the dominant beliefs and 

attributions about physical health in Western society. Previous research finds that most 

people (at least across the U.S., Canada, Brazil and Finland where such research has been 

conducted) take individual lifestyle and health behaviours to be the main cause of common 

non-communicable conditions and morbidity generally (Etchegary, Lemyre, Wilson, & 

Krewski, 2009; Gericke et al., 2017; Haukkala et al., 2015; O'Neill, McBride, Alford, & 

Kaphingst, 2010). An adult epigenetic perspective fundamentally argues no different – that 

health behaviours add up to influence health outcomes (epigenetic age, lifespan and disease). 

With this argument already widespread in public health discourse, it is possible that most 

people are about as motivated towards health behaviours as they’re likely to get from this 

same message alone. Health behaviours are overdetermined behaviours – many factors may 

determine different health behaviours in the same person and attributions are not presumed to 

explain the lion’s share of this variance (Försterling, 2001). Within this, it is perhaps 

therefore unlikely that a small increase in controllability would translate into a significant 
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change in health behaviour motivation or practice – if adult epigenetic accounts do in fact 

increase controllability. The results of Study 1 indicated that an individual whose obesity was 

attributed to adult epigenetic mechanisms was perceived as being more in control of his 

obesity than when his obesity was attributed to genetics or early life epigenetic mechanisms, 

but less in control than when it was attributed to behaviour – despite that in both of these 

accounts the suggested cause was ultimately behaviour. It may be that the introduction of a 

biological element into this narrative (especially one related to genetics) somewhat decreases 

perceived control over physical health, even if adult epigenetic accounts make the argument 

that epigenetics are malleable. 

 A null result here doesn’t imply that adult epigenetic explanations of health and 

ageing can’t be motivating. Whether their implied controllability increases motivation likely 

depends on what the individual believed before – and so the person with depression who 

believed it to be a biological brain disorder may well find the adult epigenetic account a 

hopeful one. However, if a majority of the populace already believe lifestyle and health 

behaviours to be the major cause of health outcomes, adult epigenetic accounts of health 

alone may not actually add to perceived control or health behaviour motivation at all. Instead 

what might be needed for epigenetics to motivate, in addition to more exposure and time for 

reflection, is more of the story.  

Some authors have expressed that the motivational potential of communicating 

epigenetics might derive from an individual considering their exposures and lifestyle 

throughout their entire life, in order to better estimate their own risk, to consider that 

exposures and behaviours add up over time, and dispel health myths of the kind of: ‘My 

friend’s grandad smoked  0 a day and lived to 100’ (and therefore smoking is fine for my 

health) (McBride & Koehly, 2017). If this is the case, further study would be needed to 

evaluate whether individuals feel confident in evaluating their exposures and estimating their 
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own epigenetic age, or whether getting one’s epigenetic age tested would be necessary, and 

preferably longer-term study would be needed to evaluate any effects on health behaviour 

motivation or practice. The present study in the meantime suggests that short term exposure 

to either adult malleable or early life programming epigenetic accounts predicts no immediate 

differences in emotion, motivation or intentions – but does predict an immediate difference in 

patterns of blame.  

Adult epigenetic accounts were found to predict more self-blame if one is 

epigenetically older than one’s real age than early life accounts, whilst early life epigenetic 

accounts were found to predict increased other-blame and chance-blame than adult accounts, 

thus supporting H4. These findings further support results from Study 1, which indicated an 

obese individual was more likely to receive blame when their obesity was explained in the 

context of adult epigenetic or behavioural causes, compared to early life epigenetic or genetic 

causes, and expands them by finding this same pattern of blame applies to blame for one’s 

own health. The findings suggest that while communicating these two knowledge 

perspectives in epigenetics may not immediately (if at all) lead to differences in health 

behaviour motivation, they may fairly immediately lead to differences in blame. That adult 

epigenetic accounts predict a profile of mainly individual blame could prove problematic if 

communicated on a broader scale because those who are most likely to have higher 

epigenetic ages and poorer health are those who have also experienced social inequalities. 

Research has found that even when controlling for education, childhood adversity and health 

behaviours, low socioeconomic status displays a robust association with accelerated 

epigenetic ageing (Simons et al., 2016). As such, if adult malleability epigenetic discourses 

are promoted in public health communications as a means of encouraging health behaviour 

motivation, this may have the side effect of promoting blame towards those with health issues 

(as per Study 1), and self-blame within those with poorer health or (real or imagined) faster 
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epigenetic ageing. As previous literature finds perceived control and blame for a health 

condition is associated with reduced help-giving and reduced assistive policy support (Barry, 

Brescoll, Brownell, & Schlesinger, 2009; Joslyn & Haider-Markel, 2019; Thibodeau, Perko, 

& Flusberg, 2015), the idea promoted by an adult malleability discourse that the individual is 

responsible for their ageing and health may reduce support for policy designed to redress 

health inequalities, and promote stigma towards those with poor health. 

Early life accounts, on the other hand, may assist in the reduction of stigma. Early life 

epigenetic accounts were here found to demonstrate a more balanced blame profile than adult 

malleability epigenetic accounts, with blame for a high epigenetic age fairly evenly 

distributed between the self, others in one’s life, society and chance. Previous research finds 

that where health issues are believed to be, or are presented as the result of influences outside 

of the individual’s control (e.g., poor health attributed to the food industry, or genetics), then 

support for policies that make it easier to maintain health increases (Beeken & Wardle, 2013; 

Chambers & Traill, 2011; Joslyn & Haider-Markel, 2019). The profile of blame here, 

together with a more even distribution between personal and external control might therefore 

present an opportunity for reducing health stigma and promoting support for policies aimed at 

redressing societal health inequalities. At the same time, however, increased blame towards 

other people in one’s life as a result of reading early life programming explanations of 

epigenetic ageing could risk opening up potential for blame and stigma towards parents or 

grandparents for one’s state of health. Richardson (2014) and Winett, Wulf & Wallack (2016) 

warn that such blame may be disproportionately concentrated on mothers, potentially leading 

to increased support for policies that promote increased surveillance over pregnant women. 

That other-blame was increased following exposure to early life programming accounts of 

epigenetic ageing in this study indicates a need for further research on the possibility of 

‘parent-blame’ and intergenerational stigma. 
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3.4.1 Limitations and future directions 

The present study is not without limitations. Firstly, there was no control group, 

making it difficult to ascertain whether early life accounts decrease self-blame (and other 

attribution and blame outcomes), or whether adult accounts are increasing it, compared to 

participants’ attitudes at baseline. However, a control group (or a baseline measure) was not 

used in this study due to the likelihood participants would not have sufficient pre-existing 

knowledge of epigenetic ageing at the beginning of the study to be able to complete these 

measures, along with the inherent difficulty of explaining epigenetic ageing in a way that 

allows participants to make inferences about attributions and blame, but without explaining 

the causes in a way that could identify them as early or adult life-oriented. Nevertheless, even 

in acknowledging these methodological obstacles, observing how cognitive and behavioural 

responses to epigenetic accounts of health differ from those at baseline will prove an 

important milestone in understanding the implications of communicating this information, 

and an important direction for future research. 

Secondly, the study included neither a manipulation check, which would have allowed 

assessment of the degree to which participants were persuaded by the viewpoint of the 

articles, nor a specific opportunity to reflect on the article in relation to their own experiences 

and lifestyles. This means that the present findings cannot tell us whether participants’ own 

beliefs on the controllability of their epigenetic ageing influence their emotional response and 

motivation, nor whether estimating one’s own epigenetic age after reading the early life or 

adult account influences emotions and motivation outcomes. However, these limitations open 

up possibilities for future research.  

To understand whether people’s pre-existing beliefs about control of health outcomes 

transfer to an understanding of epigenetic ageing and influence outcomes such as health 
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behaviour motivation, future work could develop a scale to measure these beliefs and 

investigate whether they predict health behaviour motivation and intentions. 

To understand whether effects on health behaviour motivation arise when individuals 

apply causes of ageing to themselves, future work could provide opportunities for this self-

reflection (likely by including an opportunity for participants to ‘estimate’ their own 

epigenetic age, perhaps with guiding questions) and examine any potential interactions 

between estimated epigenetic age, and adult or early life explanations of ageing on 

motivation outcomes. This extension to current work is likely beyond the financial resources 

of the present project, due to sample size requirements necessary for adequate power, 

however would be a promising direction for future study.  

Lastly, the findings on blame suggest potential for further exploration. Future work 

could explore whether early life accounts have the potential to influence attitudes and policy 

support in relation to health inequalities. That is, whether by influencing attributions and 

emotions, they can effect increases in support for policies designed to redress health 

inequalities, such as increased government funding for social and health services. This work 

can also address a concern of communicating early-life influences of epigenetic ageing: as 

Study 2 finds communicating early-life causes of epigenetic ageing leads participants to 

perceive the speed of their epigenetic clock as more stable, and Study 1 finds the level of 

perceived stability of an individual’s obesity is the same for early life epigenetic explanations 

as genetic explanations, this suggests that such accounts could promote the idea that those 

who have been ‘epigenetically disadvantaged’ by their early life environments can do nothing 

to change their status. Such a belief in stability and lack of personal control could prove 

problematic for stigma. Previous work in mental health finds that genetic or biological 

accounts of mental illness do lead to less blame, but also promote the essentialist idea that 

such individuals are somehow biologically, qualitatively different from others, and as such 
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their prognoses are poor (Deacon & Baird, 2009; Lam & Salkovskis, 2007; Lam et al., 2005; 

Lebowitz, 2014; Lebowitz et al., 2014; Lebowitz et al., 2016). Future work should examine 

whether the same is true of communicating early life epigenetics – whilst reducing blame 

isn’t accompanied by reduced health behaviour motivation here, it remains to be seen 

whether it is accompanied by a new form of stigma and ‘epigenetic essentialism’.  
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3.4.2 Conclusion 

The present study overall suggests that short term exposure to early life programming 

or adult malleability accounts of epigenetic ageing influence attributions and blame, but not 

emotions, health behaviour motivation or intentions. Compared to adult malleability 

explanations, early life programming accounts were found to predict reduced perceived 

personal control, increased external control and stability, and a more external locus of control 

over one’s epigenetic ageing, as well as decreased self-blame, and increased blame towards 

others in one’s life, society and chance, if one’s epigenetic age is high. Given previous 

findings suggest that perceptions of external control and blame can reduce stigma and 

promote assistive policy support towards those with poor health, the state of the evidence so 

far suggests that the potential benefits of communicating early life influences of epigenetic 

ageing – reduced blame and stigma towards those with poor health (Study 1) and reduced 

self-blame if one’s own health is poor (Study 2) - are not outweighed by any reductions in 

health behaviour motivation.  

 



 110 

 

Statement of Authorship 

This declaration concerns the article entitled: 

The development and validation of the Epigenetic Belief Scale (EBS) 

Publication status (tick one) 

Draft 

manuscript 

o

 
Submitted  

In 

review 

  

 
Accepted  Published 

  

 

Publication 

details 

(reference) 

 

Copyright status (tick the appropriate statement) 

I hold the copyright for this 

material 
 

Copyright is retained by the publisher, but I 

have been given permission to replicate the 

material here 

  

 

Candidate’s 

contribution 

to the paper 

(provide 

details, and 

also 

indicate as a 

percentage) 

The candidate contributed to / considerably contributed to / predominantly 

executed the… 

 

Formulation of ideas: Predominantly executed (80%) with input from MC 

and TK 

 

Design of methodology: Predominantly executed (85%).  

 

Experimental work: Predominantly executed (80%), with analysis support 

from MC.  

 

Presentation of data in journal format: Predominantly executed (90%), 

with feedback and review from TK and MC 

 

Statement 

from 

Candidate 

This paper reports on original research I conducted during the period of 

my Higher Degree by Research candidature.  

 

Signed 

 

 

Date 25.08.21 



 111 

Chapter 4 - Study 3: The development and validation of the 

Epigenetic Belief Scale (EBS) 

4.1 Introduction 

Recent work in the health and social science literature suggests that communicating 

the role of epigenetics in health has the potential to promote health behaviour motivation, 

decrease stigma and increase health-related policy support. Beliefs about the nature of 

epigenetics and causes of epigenetic ageing likely play a key role in these processes, however 

no measure of epigenetic beliefs currently exists, limiting epigenetic communication 

research. To address this deficit, the present studies develop and validate the Epigenetic 

Belief Scale, a two-dimension, 23-item scale that measures belief in early life programming 

vs. adult malleability of epigenetic ageing. Using regression analyses, we establish 

convergent and discriminant validity, and explore relationships between epigenetic ageing 

beliefs and health behaviour motivation, weight stigma and obesity policy support.  

Epigenetics, the study of changes in gene expression without modification of the 

underlying DNA sequence, represents a significant advance in the study of human health. By 

activating or deactivating our genes, epigenetics has been described as a key mechanism by 

which features of our environment or lifestyle can influence our rate of ageing and risk of 

non-communicable diseases, such as Alzheimer’s, cancer, depression, heart problems and 

Type II diabetes (Alvarado-Cruz, Alegría-Torres, Montes-Castro, Jiménez-Garza, & 

Quintanilla-Vega, 2018; Argentieri, Nagarajan, Seddighzadeh, Baccarelli, & Shields, 2017; 

Lawn et al., 2018; Muka et al., 2016). For example, early life experience of adverse nutrition, 

chemical exposure or trauma may change the activation of genes related to obesity, diabetes 

and metabolism in ways that accelerate epigenetic ageing and increase risk of health issues 

later in life (Kappil, Wright, & Sanders, 2016; Simons et al., 2016). However, epigenetic 
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processes are also malleable in adulthood, and adopting healthy behaviours as an adult may 

reverse previous adverse effects. For example, research indicates that smokers who abstain 

for seven years and obese individuals who maintain a healthy weight for a period of months 

demonstrate epigenetic profiles more similar to non-smokers and healthy weight individuals 

than smokers and individuals with obesity respectively (Dugué et al., 2020; Huang et al., 

2015; Joehanes et al., 2016). Epigenetic changes over the life course can be tracked with a 

measure known as the epigenetic clock, which, based on the epigenetic profiles of thousands 

of people, can indicate whether a person is ageing faster, slower, or at the same rate as the 

average person of their chronological age (Horvath & Raj, 2018). The epigenetic clock has 

been found to be one of the most reliable measures of biological ageing (Jylhävä, Pedersen, 

& Hägg, 2017), and is able to predict human lifespan, cancer development, heart problems, 

longevity and all-cause mortality (Horvath et al., 2015; Perna et al., 2016).  

The communication of the role of epigenetics in health may have important 

implications for health behaviour motivation, stigma and policy support. Attribution theory 

suggests that perceived control over one’s own health will predict active efforts to maintain 

it, whilst perceiving others as low in control over their health will predict reduced stigma 

towards them and increased willingness to help (Weiner, 2010, 2018). Supporting these 

predictions, research finds that of genetic or behavioural causal beliefs of health, only 

behavioural causal beliefs are associated with attempts to increase physical activity and lose 

weight (Nguyen, Oh, Moser, & Patrick, 2015), and that people with health conditions caused 

by uncontrollable factors (e.g. genetics, accidents) rather than their own behaviour receive 

greater sympathy, reduced stigma, and increased willingness to help from others (Elran-

Barak & Bar-Anan, 2018; Khan, Tarrant, Weston, Shah, & Farrow, 2018; Puhl et al., 2015; 

Weiner, Perry, & Magnusson, 1988). Beliefs about the role of epigenetics in health may have 

similar implications – in that believing that our rate of epigenetic ageing is set in early life 
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may reduce perceptions of controllability over health, whereas believing this process is 

malleable in adulthood may increase it. The predictions of attribution theory can therefore be 

applied to the public health communication of epigenetics, in that adult malleability 

epigenetic accounts of health, with their emphasis on controllability, may promote health 

behaviour motivation (McBride & Koehly, 2017) but at the cost of promoting a degree of 

stigma, whilst early life programming epigenetic accounts of health, focusing on 

uncontrollability, may reduce stigma of certain health conditions (Maccari et al., 2017) and 

increase support for policy aiming to redress health inequalities (Park & Kobor, 2015), but at 

a potential cost in terms of individual motivations to change behaviours.  

Initial intervention evidence has supported these predictions. In relation to health 

behaviours, Bay, Vickers, Mora, Sloboda, and Morton (2017) provided evidence that a 4-6 

week learning module on epigenetics and the developmental origins of health and disease led 

to improved diet in New Zealand adolescents, and McKerracher et al. (2020) found that 

increased epigenetic and developmental origins knowledge was associated with improved 

maternal diets during pregnancy. In relation to stigma, Study 1 found that weight stigma 

towards an obese target was significantly lower when participants read early life epigenetic 

accounts of obesity compared to when they read behavioural or adult epigenetic accounts, 

eliciting a similarly low level of stigma to genetic accounts. Moreover, in relation to policy 

support, whilst this same study found no initial evidence of effects of causal account on 

obesity-related policy support, it is possible this lack of effect was due to the short articles 

used, and due to the focus on an individual obese target character, rather than people with 

obesity more generally. As such, it remains possible that a link between epigenetic beliefs 

and health-related policy support may yet exist. Thus, with the current exception of policy 

support, the initial evidence suggests potential for the communication of epigenetics to 

influence health behaviours and stigma.  
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As this epigenetic psychoeducation research base expands, it will become increasingly 

important to build understanding of the mechanisms of change by which epigenetic health 

communications may influence health behaviour motivation, stigma or policy support. Whilst 

the initial literature provides early evidence for the efficacy of epigenetic psychoeducation on 

health-related outcomes, little is known about the active ingredients of these interventions. 

The research to date focuses on knowledge and awareness of epigenetic concepts – however 

knowledge and awareness are not necessarily the best predictors of action or change in health 

behaviours (Michie & Johnston, 2012; Sniehotta, 2009). Most people, for example, could 

display knowledge or awareness if asked that nutrition and exercise are necessary for health, 

but this may be quite different psychologically to really believing this is true for themselves. 

Instead, we suggest a more likely candidate mechanism to explain the effect of epigenetic 

psychoeducation on health behaviours, stigma and policy support is epigenetic beliefs. 

Specifically, and in line with attribution theory, we suggest that through their focus on the 

individual’s ability to change, adult malleability epigenetic beliefs would be positively 

associated with health behaviour motivation, whilst early life programming epigenetic 

beliefs, in focusing on the individual’s inability to control their circumstances, would be 

linked to reduced weight stigma and increased health-related policy support. To understand if 

this is the case; and whether epigenetic psychoeducation interventions are effective because 

of their promotion of epigenetic beliefs, what is needed is a standardised, valid measure of 

these epigenetic beliefs.  

Reviewing the literature, it becomes clear that no such measure currently exists, with 

current available scales instead measuring the related concepts of genetic and social 

determinism, and health locus of control. Determinism refers to something being 

predetermined or inevitable, and deterministic beliefs can either be measured more 

specifically (i.e. in relation to human traits, qualities or attributes being determined by genes 
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(genetic determinism), or by childhood environment (social determinism)) or more generally, 

for example beliefs that anything from human qualities to the universe itself is predetermined 

(Sappington, 1990). Example scales include the Free Will Inventory, which in 15 items 

measures free will, determinism and dualism/anti-reductionism (Nadelhoffer, Shepard, 

Nahmias, Sripada, & Ross, 2014), and the Free Will and Determinism Scale (Paulhus & 

Carey, 2011) which across 27 items assesses beliefs in free will, fatalistic determinism, 

unpredictability and scientific determinism (this latter subscale including questions 

measuring belief in genetic and biological determinism (e.g., ‘The genes you inherit will 

determine your success as an adult’), and environmental and psychosocial determinism (e.g., 

‘Childhood environment will determine your success as an adult’)). Other measures target 

more specific forms of deterministic belief: the Belief in Genetic Determinism scale (Keller, 

2005) and the Belief in Social Determinism scale (Rangel & Keller, 2011) measure beliefs 

that personality, behaviour or ability are caused by genetic or social factors respectively. 

Finally, the Public Understanding of Genetics and Genomics Scale (PUGGS) measures 

knowledge of genetics, genomics and gene-environment interactions, belief in genetic 

determinism and attitudes towards gene therapy, genetic testing and prenatal genetic testing 

(Carver, Castéra, Gericke, Evangelista, & El-Hani, 2017).  

However, whilst such measures offer means by which to tap beliefs about 

determinism of human traits, they lack the means to specifically test beliefs about 

determinism of human health. The Multidimensional Health Locus of Control scale 

(Wallston, Strudler Wallston, & DeVellis, 1978) comes closer in this regard, measuring the 

related construct of health locus of control: the extent to which an individual believes their 

health is controlled by internal factors (related to the individual, e.g., behaviour), or external 

factors (outside of the individual, e.g., genetics, fate, etc.). The MHLOC scale includes three 

subscales: one Internal, and two external: Chance (e.g., fate) and Powerful Others (e.g., 
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health professionals and family members). However, whilst the MHLOC assesses locus of 

control beliefs in relation to health, it does not look at early life or adult influences 

specifically, and does not measure beliefs relating to epigenetics. What is missing, therefore, 

in the current offering of genetic, social environment and control of health-related scales, is a 

scale assessing beliefs in early life vs. adult influences of epigenetic ageing.  

The aim of the current work was threefold. Firstly, to develop a scale of epigenetic 

ageing beliefs encompassing both early life and adult epigenetic beliefs, secondly, to examine 

its concurrent and discriminant validity, and thirdly, to examine the associations of this scale 

with health behaviour motivation, fat phobia and obesity support. Towards this latter aim, the 

following predictions were made:  

Prediction 1: Adult epigenetic beliefs will uniquely predict increased health behaviour 

motivation over and above the association with early life epigenetic beliefs. There will 

be no significant unique association between early life epigenetic beliefs and health 

behaviour motivation. 

Prediction 2: Adult epigenetic beliefs will predict increased weight bias (negative bias 

towards overweight individuals) whilst early life epigenetic beliefs will predict reduced 

weight bias.  

Prediction 3: Early life epigenetic beliefs will uniquely predict increased obesity policy 

support (support for government policy initiatives designed to change environments in 

ways that help people manage their weight) over and above the association with adult 

epigenetic beliefs. There will be no significant unique association between adult 

epigenetic beliefs and obesity policy support.  
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4.2 Summary of Overall Method 

4.2.1 Scale development and construct validity 

A wealth of emerging literature provides evidence for the early life origins of health, 

and how early life factors can influence rates of epigenetic ageing (Baird et al., 2017; 

Gluckman & Hanson, 2006; Hoffman, Reynolds, & Hardy, 2017; Safi-Stibler & Gabory, 

2020). Similarly, research increasingly examines the potential of adult lifestyles to either 

increase or decrease rates of epigenetic ageing (Chaix et al., 2017; Dugué et al., 2020; Huang 

et al., 2015; Joehanes et al., 2016). Following a literature search, these links between 

epigenetics and ageing were most clearly defined in the work of Müller and Samaras (2018). 

From their use of literature analysis, participant observation at international epigenetic 

conferences, and interviews with selected speakers, Müller and Samaras identify two key 

ways in which epigenetics and aging have become linked: through fixed early life 

programming, and continuous adult malleability. Taking their definitions of these constructs, 

and adapting them to our theoretical interest in beliefs, we define our concepts of interest as: 

1) Belief in ageing as a trajectory that is significantly epigenetically programmed by early 

life experiences 

2) Belief in ageing as an epigenetically malleable process occurring in the adult individual 

From these two concepts, and partly from adapting relevant items from the Genetic 

Determinism Scale, the Free Will and Determinism Scale and the Free Will Inventory, an 

initial item pool of 55 items, split across two subscales, was generated by the lead author and 

three research assistants. This was then submitted to expert review from a professor in 

epigenetic science, who approved it for pilot testing. Given that research suggests that 

familiarity with epigenetics is generally low across the population (Carver et al., 2017), a 

424-word informational article was developed to be read before the question pool (see 

Appendix D). This article was derived from the articles used in Study 1 and 2, and explained 
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epigenetics and epigenetic ageing without discussing known influences of these processes. 

This was to allow participants the space to apply their own beliefs, without being influenced 

by further information. We then pilot-tested the article and item pool with 39 participants – 

12 completed a ‘think aloud’ task in which they read the article and completed the scale 

whilst saying aloud their thought processes (these participants completed split versions of the 

half of the scale items to ensure a manageable number of items for thinking aloud), whilst a 

further 27 participants completed the pilot without thinking aloud.  

Think-aloud answers revealed which items participants tended to find confusing in 

wording – these were highlighted for potential removal. Meanwhile, a preliminary principal 

components analysis (PCA) was run from the full 39 responses, to identify items which load 

on the same factors. Because of theoretical interest in a two-factor structure (early life 

programming and adult malleability), analyses were run separately for items concerning early 

life programming or adult malleability. Items suggested by the PCA for removal 

corresponded with those suggested by the think aloud pilot, and so through PCA, 24 items 

with the highest factor loadings were identified and selected for the scale, with 12 early life 

programming items and 12 adult malleability items.  

4.3 Study 3a Introduction 

The aim of Study 3a was to establish the factorial structure of the Epigenetic Belief 

Scale (EBS) using exploratory factor analysis.   

4.4 Study 3a Method 

4.4.1 Participants 

Ethical approval was granted by the University of Bath Psychology Research Ethics 

Committee (project approval code 20-020). Participants were U.S. residents (N=264, 95 

females, Mage =36.39, SDage= 10.18) recruited through Amazon’s Mechanical Turk, and paid 

£0.69 ($0.95) for the five-minute study. The inclusion criteria required participants to be 18 
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years of age or above and English-speakers. From the initial 357 responses collected, 93 

participants were removed from the final sample for either non-completion (n = 6), having 

duplicate IP addresses (n = 7), or failing one of two attention checks (n   80); ‘Please don’t 

answer the question below: Have you ever been to Saturn?’ or “Attention check. For this 

question, please select 'strongly disagree'”), leaving a final sample of 2 4.2  

4.4.2 Design & Procedure 

Participants read a standard 424-word article that introduced epigenetics and the 

epigenetic clock, but without describing potential influences on epigenetic ageing so as to 

leave participants free to apply their own beliefs (see Appendix D). They then completed a 

measure of epigenetic beliefs. 

4.4.3 Epigenetic Beliefs 

Beliefs about epigenetic ageing were measured with 24 items relating to early life 

programming or adult malleability influences of epigenetic ageing (see Table 4.1). Responses 

were given on a 7-point Likert scale from ‘strongly disagree’ to ‘strongly agree’, so that 

higher scores indicated increased epigenetic beliefs. 

4.5 Study 3a Results 

With the Kaiser-Meyer-Olkin measure verifying the adequacy of the sample for 

analysis (KMO 0.9 ) (‘marvellous’ as defined by Kaiser and Rice (1974)), an exploratory 

factor analysis (EFA) with principal axis factoring and oblimin rotation was used to explore 

the factor structure of the 24 EBS items. Examination of the scree plot for eigenvalues greater 

than 1, and results of a parallel analysis (where the first two PCA eigenvalues were of higher 

value than random eigenvalues generated by parallel analysis) suggested a two-factor 

 
2 64 of the 80 who failed an attention check failed attention check 1 (‘Saturn’). This was likely because 

the instruction not to answer the question came at the end of the informational article, and may not have been 

spotted by some before they answered the question (which, once answered, could not be unanswered).  
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structure, with inspection of pattern matrix loadings suggesting these two factors aligned with 

the early life and adult epigenetic belief subscales (see Table 4.1, in Study 3b results, for 

factor loadings). One exception item that did not load strongly on either factor was item 24: 

‘my adult lifestyle has a large influence on how fast my body is ageing’, which was 

misworded (it should have said ‘epigenetically ageing’) and loaded weakly (.376 and .322) 

on both factors. Overall, early life and adult epigenetic beliefs were found to be moderately 

positively correlated (r =.674, with sums of squares loadings greater than 1 (13.36 and 1.73, 

with 63% of total variance explained). As such, the two-factor structure of the EBS was 

suggested by EFA, allowing us to proceed to the theory-testing stage of confirmatory factor 

analysis.  

4.6 Study 3b Introduction 

The aim of study 3b was to confirm the factorial structure using confirmatory factor 

analysis, to examine convergent and discriminant validity by regressing the EBS against a 

scale measuring a similar concept (the Multi-dimensional Health Locus of Control scale) and 

a dissimilar concept (the Marlowe-Crown social desirability scale), and to examine the 

relationships between the EBS and health behaviour motivation, fat phobia and obesity policy 

support using multiple regressions.  

4.7 Study 3b Method 

4.7.1 Participants 

Participants were UK residents (N=279, 155 females, aged 18-76, Mage = 34.68, SDage 

= 13.74 years) recruited through Prolific and paid £1.04 for the advertised 12-minute study. 

Inclusion criteria required participants to be 18 years of age or above and English-speakers. 

From the initial 301 responses collected, 22 participants were removed from the final sample 

for failing the multiple-choice comprehension check “Epigenetic ageing is related to:” (n = 6) 
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or failing an attention check (n   1 ); “Attention check. For this question, please select 

'strongly disagree'”. 

4.7.2 Design & Procedure 

Participants read the same introductory article as in Study 3a, before completing the 

below questionnaire measures and attention checks. All scales were presented in a random 

order.  

4.7.2.1 Attention checks 

Attention was to the article and measures was measured with three items. The first 

two pertained to the article and were presented after part 1 and part 2 of the article 

respectively: “Epigenetic mechanisms ” (correct answer: “can essentially switch our genes 

on or off”; incorrect answers: “can genetically modify our genes” and “are not found in 

humans”), and “Epigenetic ageing is related to ” (correct answer: “our long term health and 

risk of disease”, incorrect answers: the number of chromosomes we have” and “artificial 

intelligence”). The last check was presented within the epigenetic belief scale, and was 

phrased: “Attention check. For this question, please select ‘strongly disagree’”. 

4.7.2.2 Epigenetic Beliefs 

The EBS was used as in Study 3a, now with 23 items because of the removal of the 

weakly loading item 24.   

4.7.2.3 Health behaviour motivation 

Health behaviour motivation was measured from responses to the following: “In 

general, I feel motivated to ”, with items consisting of: eat more healthily, exercise more, 

reduce my smoking, reduce my drinking and engage more in stress-reducing practices (for 

example, meditation or yoga). Responses were provided on a 10-point scale from 1 (not at all 

motivated) to 10 (completely motivated), with an additional response option ‘not applicable’, 

in case participants were non-drinkers or non-smokers.  
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4.7.2.4 Fat Phobia 

Weight bias was assessed using the 14-item short form of the Fat Phobia Scale 

(Bacon, Scheltema, & Robinson, 2001), where participants rated the extent to which they 

would imagine 14 traits and their antonyms to describe obese or fat people (e.g. 

lazy/industrious, insecure/secure). Half of all items were reverse-coded. When recoded in 

analysis, higher scores indicate increased fat phobia. 

4.7.2.5 Obesity Policy Support 

Support for obesity-related policies was measured by the 10-item policy support scale 

constructed in Study 3a, with items sourced from the UK government’s Child Obesity Plans 

(Department of Health and Social Care, 2016; 2018). Example items include: “Require that 

restaurants and takeaways provide information about the fat and calorie content of foods on 

menus” and “Require the food industry to reduce the sugar in high sugar products by 20%”. 

Items for all policy support scales were rated on a 7-point scale (where 1= strongly disagree, 

7 = strongly agree) so that higher scores indicate higher food policy support. 

4.7.2.6 Health locus of control 

Health locus of control was measured through the Internal locus and Powerful Others 

locus subscales of the Multidimensional Health Locus of Control Scale (Wallston et al., 

1978), with items measuring the tendency to which one believes one’s own behaviours 

control health, e.g. “When I get sick, I am to blame”, or that one’s health is controlled by 

family and medical professionals, e.g. “Health professionals control my health”. Responses 

were given on a 6-point scale from 1 (strongly disagree) to 6 (strongly agree), and mean 

scores for each subscale were computed such that higher scores indicated increased internal 

or powerful others locus of control.   
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4.7.2.7 Social desirability 

Social desirability was measured with Reynolds’ (1982) Form C 13-item short version 

of the Marlowe-Crown social desirability scale. Items reflected socially desirable or 

undesirable (reverse scored) attitudes and traits, e.g. “No matter who I’m talking to, I’m 

always a good listener”, and were scored on a True/False scale. A total score of 13 was 

possible, with higher scores reflecting greater endorsement of socially desirable traits.  

4.8 Study 3b Results 

4.8.1 Data screening, descriptive statistics and correlations 

There was no missing data within the sample, with the exception that those to whom 

reducing smoking or alcohol intake was irrelevant were permitted to select ‘not applicable’ 

on the health behaviour motivation scale (67% of the sample selected not applicable for 

reducing smoking, and 33% for reducing alcohol)– in the absence of scores on these items, 

the mean was taken for remaining health behaviour motivation items. For descriptive 

statistics and correlations, see Table 4.2.  

For the confirmatory factor analysis and multiple regressions, EBS and additional 

scale data met all assumptions. Inspections of histograms and skewness and kurtosis (all 

values less than ±1) for scores on each scale demonstrated all data was normally distributed. 

Inspection of plots of standardised residuals vs. unstandardised predicted values 

demonstrated no heteroscedasticity. Correlations between predictors were below .7 and VIF < 

10 indicating no multicollinearity and casewise diagnostics revealed one outlier (with a 

studentised deleted residual over 3SD above the mean), but as there were no high leverage or 

influential points, the decision was made to retain this case.  

4.8.2 Confirmatory factor analysis 

Both a two-factor model (early life epigenetic beliefs and adult epigenetic beliefs) and 

a one-factor model (epigenetic beliefs) were submitted to a Confirmatory Factor Analysis 
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(CFA). Given that our sample was less than 500 participants, Weston and Gore Jr (2006)’s 

criteria for acceptable fit include the following: RMSEA and SRMR ≤ .10 and CFI ≥ .90. 

The CFA confirmed a 2-factor solution (χ2 (229) = 816.67, p < .001; CFI = .90; TLI = 

.88; RMSEA = .10; SRMR = .05) that provided an acceptable-to-good fit for the data, and 

provided a significantly better fit (difference in χ2 = 1223.03, p < .001) than a 1-factor 

solution (χ2 (230) = 2039.64, p < .001; CFI = .68; TLI = .65; RMSEA = .17; SRMR = .13). 

This provided support for the notion that although the two factors are positively correlated 

(r=.585), the EBS measures two distinct constructs – early life and adult epigenetic beliefs. 

All factor loadings were significant to p<.001, and the value of standardised factor loadings 

ranged from .72-.87 for the early life epigenetic belief subscale, and .69-.85 for the adult 

epigenetic belief subscale (see Table 4.1). 
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Table 4.1 

Factor loadings for EBS items in Studies 3a and 3b 

 EFA Study 3a CFA Study 3b 

Item Factor 1 Factor 2 Factor 1 Factor 2 

1. Things that happened to me in my early life have affected my epigenetic age today .82 -.07 .83 - 

2. My childhood environment (in terms of my experiences and exposures) has likely 

influenced my epigenetic age today 

.79 .02 .86 - 

3. The environment I grew up in will have influenced my epigenetic age .84 .02 .80 - 

4. My epigenetic age is a reflection of my early life experiences and exposures .79 .02 .82 - 

5. The environment provided by my caregivers in my early life has influenced my 

epigenetic age 

.78 .02 .83 - 

6. My epigenetic age is largely a result of my experiences in early life .79 .01 .77 - 

7. My upbringing has influenced my epigenetic age .73 .04 .87 - 

8. My experiences in early life have influenced the genes that control the speed of my 

epigenetic clock 

.87 -.06 .79 - 

9. The speed of my epigenetic clock can to a large degree be traced back to my early 

life experiences as a child 

.80 .01 .81 - 

10. My social environment as I was growing up has contributed to my present-day 

epigenetic age 

.82 .02 .81 - 

11. The speed of my epigenetic clock has largely been predetermined by my 

experiences in early life 

.77 .03 .78 - 
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Table 4.1 (Continued) 

 EFA Study 3a CFA Study 3b 

Item Factor 1 Factor 2 Factor 1 Factor 2 

12. How quickly my body is ageing has largely been set by my early life .78 -.01 .72 - 

13. The rate of my epigenetic ageing is changeable .13 .70 - .76 

14. It would be possible for me to change the speed of my epigenetic clock now -.05 .86 - .76 

15. If I choose to eat healthily and exercise, I can make my epigenetic age younger .02 .77 - .74 

16. I can slow down my epigenetic clock by choosing to live healthily -.03 .78 - .82 

17. If I was to make changes in my habits and lifestyle, I could lower my epigenetic age .05 .71 - .77 

18. If I wanted to, I could speed up or slow down how fast my body is epigenetically 

ageing 

-.01 .82 - .81 

19. I always have the ability to alter my epigenetic age -.02 .84 - .79 

20. How my epigenetic ageing unfolds is up to me -.06 .87 - .85 

21. I have control over how quickly my body is ageing even if my choices are limited 

by external circumstances 

.06 .68 - .69 

22. The future of my epigenetic ageing is up to me .02 .82 - .84 

23. Even if I had a difficult start in life, I can change the future of how quickly my 

body epigenetically ages 

>.01 .81 - .84 

24. My adult lifestyle has a large influence on how fast my body is ageing .38 .32 N/A N/A 

Note. EFA = Exploratory Factor Analysis. CFA= Confirmatory Factor Analysis. The early life subscale includes items 1-12, whilst the adult 

subscale includes items 13-24. 
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4.8.3 Correlations 

Bivariate correlations, as visible in Table 4.2, suggested that early life epigenetic 

beliefs and adult epigenetic beliefs were moderately positively correlated. Adult epigenetic 

beliefs were significantly positively correlated with health behaviour motivation, obesity 

policy support, an internal health locus of control and social desirability. Early life beliefs 

were also positively correlated with obesity policy support. 
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Table 4.2    

Descriptive statistics: means, standard deviations, scales, scale reliabilities and correlations for all measures in Study 3b 

Measures Scale  M (SD) 1 2 3 4 5 6 7 8 

1. Early life epigenetic 

beliefs 

1-7 4.39 (1.12) (.958)        

2. Adult epigenetic beliefs 1-7 4.77 (1.09) .585** (.947)       

3. Health behaviour 

motivation 

1-10 6.39 (1.75) .054 .163** (.747)      

4. Fat phobia scale 1-7 4.68 (1.02) -.036 .015 -.162** (.911)     

5. Obesity policy support 1-7 5.18 (1.01) .142* .175** .237** .067 (.843)    

6. MHLOC Internal 1-6 4.09 (.73) .113 .285** .158** .075 .241** (.773)   

7. MHLOC Powerful Others 1-7 2.81 (.85) .100 .005 .099 -.048 .054 .134* (.742)  

8. Social desirability 0-13 .48 (.22) 

6.18 

.027 .122* .136* -.258** .030 .065 .144* (.716) 

 

Note: Alpha reliabilities are presented along the diagonal, where construct is a multi-item scale. Higher values for locus of control indicate a 

more internal locus. *p <0.05, **p=<0.01.
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4.8.4 Convergent and discriminant validity 

To test convergent validity, two multiple linear regressions were run (assessing the 

relationship between the EBS subscales and the internal health locus of control subscale, and 

the powerful others health locus of control subscale respectively) to explore whether adult 

epigenetic beliefs predict an internal health locus of control, and whether early life epigenetic 

beliefs predict a powerful others health locus of control. As can be seen from Table 4.3, 

epigenetic beliefs collectively were significant predictors of an internal health locus of 

control, and within this, adult epigenetic beliefs uniquely predicted an internal health locus of 

control. Whilst epigenetic beliefs as a whole did not significantly predict a powerful others 

health locus of control, early life epigenetic beliefs were found to uniquely predict a powerful 

others health locus of control.  

In relation to discriminant validity, multiple regression results indicated that, although 

epigenetic beliefs together did not significantly predict social desirability, adult epigenetic 

beliefs were found to uniquely predict social desirability. As such, it can be said that although 

convergent validity has been established for both scales, at present, discriminant validity has 

been established for the early life epigenetic belief subscale only. 
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Table 4.3 

Multiple regression analysis of the EBS predicting HBM, Fat Phobia, Obesity Policy 

Support, MHLOC internal and MHLOC Powerful Others 

Construct 

    Predictors 

Model 

R2 

Model 

R2adj B [95% CI] SE B β 

HBM 

    Constant 

    Early life 

    Adult 

.029 .022*  

5.292 [4.313, 6.271] 

-.097 [-.322, .127] 

.320 [.089, .551] 

.497 

.114 

.117 

 

-.062 

.199** 

Fat Phobia 

    Constant 

    Early life 

    Adult 

.003 -.004  

4.710 [4.133, 5.287] 

-.061 [-.194, .071] 

.051 [-.085, .187] 

 

.293 

.067 

.069 

 

 

-.067 

.055 

Obesity Policy 

Support 

    Constant 

    Early life 

    Adult 

.033 .026**  

 

4.318 [3.752, 4.883] 

.055 [-.075, .185] 

.130 [-.004, .263] 

 

 

.287 

.066 

.068 

 

 

 

.061 

.140 

MHLOC Internal 

     Constant 

     Early life 

     Adult 

.086 .079***  

3.253 [2.854, 3.653] 

-.053 [-.145, .038] 

.225 [.130, .319] 

 

.203 

.047 

.048 

 

 

-.081 

.333*** 

MHLOC Powerful 

Others 

     Constant 

     Early life 

     Adult 

.014 .007  

 

2.622 [2.144, 3.099] 

.111 [.001] 

-.063 

 

 

.243 

.056 

.057 

 

 

 

.147* 

-.081 

Social desirability 

     Constant 

     Early life 

     Adult 

.018 .011  

.378 [.253, .502] 

-.013 [-.042, .015] 

.033 [.003, .062] 

 

.063 

.015 

.015 

 

 

-.068 

.162* 
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4.8.5 Criterion-related validity 

Three further multiple regressions were carried out to test the theoretical relationships 

between epigenetic beliefs and health behaviour motivation, fat phobia and obesity policy 

support, respectively. As can be seen from Table 4.3, epigenetic beliefs were significant 

predictors of health behaviour motivation, and within this, adult epigenetic beliefs uniquely 

predicted health behaviour motivation. Epigenetic beliefs were not found to predict fat 

phobia, whilst in relation to obesity policy support, epigenetic beliefs were found to 

significantly predict obesity policy support, with adult epigenetic beliefs specifically as 

borderline, yet non-significant predictors of obesity policy support.  

Of these relationships, adult epigenetic beliefs predicting health behaviour motivation 

was expected, however the relationship between epigenetic beliefs and obesity policy support 

(whereby adult epigenetic beliefs are nearly independent predictors of obesity policy support) 

and the lack of relationship between epigenetic beliefs and fat phobia were not. Explanations 

for the former could be that adult epigenetic beliefs reflect a kind of personal interest or 

engagement in health science, which predicts support for policy designed to support healthy 

living choices. A lack of relationship between epigenetic beliefs and fat phobia, meanwhile, 

could be a function of not providing any information specific to obesity in the explanatory 

article, which could indicate that for epigenetic beliefs to influence weight bias links between 

weight and epigenetics need to be explicitly outlined – ideas explored further in the 

discussion.  

 

4.8.6 Exploratory moderation. 

Although no specific predictions were made regarding interactions, exploratory 

analysis suggested two interactions between early life and adult epigenetic beliefs, for obesity 

policy support and internal health locus of control.  
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For obesity policy support, a significant early life epigenetic belief x adult epigenetic 

belief interaction was observed (b=.131, t(275)=3.39, p<.001). As can be seen in Figure 4.1, 

simple slopes analyses showed that early life epigenetic beliefs were significantly positively 

associated with obesity policy support at 1 SD above the mean of adult epigenetic beliefs (b = 

0.21, SE = 0.08, t(275) = 2.64, p =.009, 95% CI [0.05, 0.36]), but not at 1 SD below the mean 

of adult epigenetic beliefs (b = -0.08, SE = 0.08, t(275) = -1.02, p = .309, 95% CI [-0.23, 

0.07]). 

Figure 4.1 

The interaction of early life epigenetic beliefs and adult epigenetic beliefs on obesity policy 

support. 

 

A significant early life epigenetic belief x adult epigenetic belief interaction was also 

observed for internal health locus of control (b=.107, t(275)=3.94, p<.001). As visible from 

Figure 4.2, simple slopes analyses showed that early life epigenetic beliefs were significantly 

negatively associated with an internal health locus of control at 1 SD below the mean of adult 

epigenetic beliefs (b = -0.16, SE = 0.05, t(275) = -3.04, p =.003, 95% CI [-0.27, -0.06]), but 
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not at 1 SD above the mean of adult epigenetic beliefs (b = 0.07, SE = 0.06, t(275) = 1.29, p 

=.197, 95% CI [-0.23, 0.07]). 

Figure 4.2 

The interaction of early life epigenetic beliefs and adult epigenetic beliefs on internal health 

locus of control. 

 

4.9 Discussion 

In the absence of any measure assessing beliefs of early life vs. adult influences on 

epigenetic ageing and health, and considering the need for such a measure to understand 

process of change in epigenetic psychoeducation research, we devised the Epigenetic Belief 

Scale (EBS). The EBS measures belief in ageing as a trajectory that is significantly 

epigenetically programmed by early life events, or as an epigenetically malleable process 

occurring in the adult individual. Through exploratory and confirmatory factor analysis, and 

regressions against other related and unrelated scales, the EBS is demonstrated to be a valid, 

two-factor scale, with good convergent and acceptable discriminant validity. As such, we 
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recommend that the EBS be used as dual-factor instrument, with scores derived from the 

means of its early life and adult subscales.  

Criterion validity for the EBS was assessed by exploring the relationships between 

epigenetic beliefs and health behaviour motivation, fat phobia and obesity policy support 

through multiple regressions. In line with expectations, epigenetic beliefs predicted health 

behaviour motivation, and within this, adult epigenetic beliefs uniquely predicted health 

behaviour motivation. Unexpected however, was that early life and adult epigenetic beliefs 

were positively correlated, that we found no relationship between epigenetic beliefs and fat 

phobia, and that epigenetic beliefs did predict obesity policy support - but with adult 

epigenetic beliefs marginally uniquely predicting greater policy support. Implications of the 

correlation between EBS subscales, and the expected and unexpected results between 

subscales, shall be discussed in turn. 

Firstly, the finding of a positive association between early life and adult epigenetic 

beliefs was against predictions, yet has important implications. Many of the fears and 

warnings raised in the health and social psychology literature stem from the idea that 

communicating either adult or early life epigenetic information to the population will increase 

stigma or increase helplessness respectively  (Erard, Kendall-Taylor, & Davey, 2010; Kong, 

Dunn, & Parker, 2017; Richardson et al., 2014; Waggoner & Uller, 2015), with a similar 

logic to the idea that communicating genetics will encourage genetic determinism (Condit, 

2019). Condit (2019) argues these kinds of fears are unfounded, and that people are 

sophisticated processors and users of causal health information, well able to apply and adapt 

information to the situation. For example, interview studies suggest most people are able to 

suggest cases where genetics may be the key determinant of health outcomes (i.e. where 

someone’s lifestyle is healthy, yet they become ill) (Condit et al., 2009; Keeley, Wright, & 

Condit, 2009), alongside cases where lifestyle is more important – negating common 
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arguments in research that genetic education will lead to outright determinism. One could 

suggest based on those findings, combined with the present study’s results, that it is a less a 

case in the public consciousness of genes vs. environment, or early life vs. adult epigenetics, 

but that people can and do hold both beliefs at the same time (Sanderson et al., 2013), and are 

likely capable of applying causal health information to individual situations. The correlation 

between early life and adult epigenetic beliefs may also indicate some common general factor 

explaining variance in both. Whilst a two-factor solution was the best fit of the data, it may 

be that the higher scores on the EBS as a whole represent a general engagement with health 

science, as both require the belief that our experiences impact our health (at various points in 

the lifespan) through our epigenetics. This may mark a general engagement with health and 

epigenetic science that includes the whole lifespan, rather than early life vs. adult-specific 

epigenetic beliefs. Nevertheless, although the data suggest individuals can (and do) hold both 

beliefs, the data also supports the notion that holding early life or adult epigenetic beliefs can 

have distinct psychological outcomes.   

As expected, epigenetic beliefs were found to predict health behaviour motivation, 

and within this, adult epigenetic beliefs were found to uniquely predict health behaviour 

motivation. It should be noted that these findings may represent an underestimate of this 

relationship. Recent research indicates that public literacy of epigenetics is low (Carver et al., 

2017), making it likely that the current study may have been the first exposure to epigenetic 

age and epigenetic clock information for many, therefore making the observance of a link 

between epigenetic beliefs and health behaviour motivation all the more striking. Whilst the 

present data is correlational rather than causal, these results raise the possibility that 

interventions designed to promote adult epigenetic beliefs may also promote health behaviour 

motivation in the adult general population. This finding also supports the existing literature, 

adding evidence of an adult epigenetic belief and health behaviour motivation link to 
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previous results of epigenetics education interventions promoting healthy lifestyle uptake in 

adolescents (Bay et al., 2017), epigenetic knowledge being associated with improved 

maternal diet during pregnancy (McKerracher et al., 2020), and adult epigenetic 

communication increasing perceptions of agency and optimism of recovery from poor mental 

health (Farrell, Lee, & Deacon, 2015; Lebowitz & Ahn, 2015; Lebowitz, Ahn, & Nolen-

Hoeksema, 2013). Future research exploring the impact of epigenetic health communication 

would be well placed to use the EBS as a means of understanding the influence of such 

interventions on epigenetic causal beliefs, and whether variance in epigenetic beliefs can 

explain variance in the outcomes of epigenetic psychoeducation interventions.  

It is worth noting that the finding of a positive association between adult epigenetic 

beliefs and health behaviour motivation stands in contrast to the results of Study 1 and Study 

2, and can likely be explained by difference in method. Whilst the current study was 

correlational, the previous works involved brief interventions that aimed in part to examine 

the effect of short informational articles (detailing genetic, behavioural, early life or adult 

epigenetic influences on obesity (Study 1) or early life vs. adult influences on epigenetic 

ageing and health (Study 2)) on health behaviour motivation. No significant effects on health 

behaviour motivation were found in either study, indicating perhaps the limited relevance of 

causes of obesity to many participants (Study 1), alongside the difficulty of influencing health 

behaviour motivation through any intervention article less than 1000 words (Study 1; Study 

2; also see (Hilbert, 2016; Ksinan, Almenara, & Vaculik, 2017; Lippa & Sanderson, 2012)). 

By contrast the epigenetic interventions that have promoted either motivation or lifestyle 

change have generally been considerably longer (from a video and PowerPoint multimedia 

presentation in Hollister, Yaremych, Goldring, and Persky (2019), to a 3 month curriculum 

module in Bay et al. (2017)). Therefore, existing evidence indicates that epigenetic health 
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information can be motivating, but likely needs more than one brief article to effect 

significant change in either motivation or behaviour.  

In contrast to health behaviour motivation, and against predictions, there was no 

significant relationship between epigenetic beliefs and fat phobia. This was particularly 

unexpected in light of Study 1’s finding that participants who read genetic or early life 

epigenetic accounts of obesity scored significantly lower on fat phobia than those who read 

behavioural or adult epigenetic accounts of obesity. However, two possibilities may explain 

the lack of relationship here. The first is that participants in the previous study were rating 

their fat phobia towards one hypothetical target character with obesity, whereas those in the 

present study were completing scores of their fat phobia towards obese people in general; 

attitudes towards a named obese individual may be more readily influenced by beliefs about 

epigenetic causation of obesity, than attitudes towards the obese population generally. This is 

perhaps especially the case given recent research suggests most people are reasonably 

confident in their opinions of the causes of obesity (Garbarino, Henry, & Kerfoot, 2018). 

Secondly, lack of existing familiarity with epigenetic information could also explain the null 

effect here. If participants were unfamiliar with epigenetics (especially if the survey context 

was their first exposure to this information) and given links between epigenetics and obesity 

were not made explicit within text, this could account for the present work observing no 

relationship between epigenetic beliefs and weight stigma. In some ways this result could be 

interpreted optimistically, as some scholars have feared that adult epigenetic beliefs, in their 

emphasis on control and personal freedom could promote stigma towards anyone seen to be 

‘not taking responsibility for their health’ (Erard et al., 2010; Kong et al., 2017; Richardson et 

al., 2014; Waggoner & Uller, 2015). Therefore, this lack of a link between adult epigenetic 

beliefs and weight stigma, combined with the fact that those reading about adult epigenetic 

causes of obesity scored no higher than those reading about behavioural causes in Study 1, 
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suggests that adult epigenetic beliefs or accounts in themselves do no overtly encourage fat 

phobia. On the other hand, these results suggest that in order to obtain the potential weight 

stigma reduction of early life epigenetic accounts found in Study 1, interventions aiming at 

stigma reduction need to explain specific links between early life experiences, epigenetics 

and obesity.  

Finally, epigenetic beliefs were found to predict obesity policy support. Whilst this 

was in line with predictions, more unexpected was that it was adult epigenetic beliefs, rather 

than early life epigenetic beliefs, that appeared to be driving this relationship (with adult 

epigenetic beliefs just short of significance for uniquely predicting obesity policy support). 

Attribution theory predicts that we are more likely to want to help others when we believe 

their situation is outside of their behavioural control (Weiner, 2018; Weiner et al., 1988), and 

attribution research has found increased obesity policy support when people believe that 

responsibility for obesity lies outside of individual control (for example, is caused by genetic 

or environmental factors) (Barry, Brescoll, Brownell, & Schlesinger, 2009; Beeken & 

Wardle, 2013; Chambers & Traill, 2011; Hilbert, 2016; Joslyn & Haider-Markel, 2019; 

Oliver & Lee, 2005; Pearl & Lebowitz, 2014). Because of this, we had predicted that early 

life epigenetic beliefs, with their focus on health influences outside of personal control, 

should uniquely predict obesity policy support. Instead, we find that it is epigenetic beliefs in 

general, and seemingly adult epigenetic beliefs in particular, that best predict support for 

obesity policy. Whilst it would be inadvisable to read too much into a result of near 

significance, if this potential relationship were to be found again in future work, it could be 

explained by the following. Where links between early life or adult epigenetics and obesity 

causation are not made explicit, and participants are given no attribution-related context, 

participants become free to rate their support for policy in a way they perhaps would when 

not in an ‘obesity attribution study’ – by rating in line with their own interests. In other 
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words, when not primed to think about ‘causes and solutions of nationwide or global obesity 

rates’, participants may be more likely to answer the question of ‘what would appeal to me?’ 

as opposed to ‘what would best reduce the obesity epidemic?’. In this context, those who are 

interested in health science, such as epigenetics, in addition to having higher health behaviour 

motivation, may also be more likely to support policies designed to encourage healthy 

lifestyle choices. This general ‘health science engagement’ factor, common to both subscales, 

would therefore predict obesity policy support. Similar to findings with health behaviour 

motivation, the finding that epigenetic beliefs predict obesity policy support suggest that 

public health campaigns designed to promote epigenetic beliefs may also promote obesity 

policy support, whilst campaigns designed to promote obesity policy support could do so 

through targeting epigenetic beliefs – suggesting possible directions for health promotion 

efforts.   

Concerning our exploratory findings, interactions were found between early life and 

adult epigenetic beliefs for both obesity policy support and an internal health locus of control. 

For obesity policy support, there was a significant positive relationship between early life 

epigenetic beliefs and obesity policy support when adult epigenetic beliefs were high, but not 

when adult epigenetic beliefs were low. This could potentially be explained by the possibility 

that individuals with both high early life and adult epigenetic beliefs are those who most 

believe in the importance of our environments and lifestyles, are most engaged in health 

science, and are therefore most supportive of any policy that promotes living more healthily 

at any stage of life. Those low in adult epigenetic beliefs on the other hand, may believe that 

it is too late for environment and lifestyle to influence their own epigenetic ageing, and so 

may be less interested in and less supportive of policy to promote lifestyle change.  

The fact that when adult epigenetic beliefs are low, early life epigenetic beliefs do not 

appear to make a difference to obesity policy support potentially adds nuance to the 
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attribution theory literature, which finds that low individual control causal explanations (e.g., 

genetic and environmental accounts) tend to be associated with increased obesity policy 

support. Our findings suggest that early life epigenetic beliefs only appear to increase obesity 

policy support where adult epigenetic beliefs are already high – perhaps because belief that 

there are things one can do now to influence one’s health saves the individual from a kind of 

generalised helplessness. It is possible that the same is true of genetic/environmental beliefs 

vs. behavioural causal beliefs of obesity, and that the former only promotes obesity policy 

support in the presence of the latter. Exploring these potential interactions with a priori 

predictions, and expanding such predictions to examine interactions between 

genetic/environmental vs. behavioural causal beliefs of obesity could prove interesting 

directions for further research.   

In relation to health locus of control, early life epigenetic beliefs were found to be 

significantly negatively associated with an internal health locus of control when adult 

epigenetic beliefs were low, but not where adult epigenetic beliefs were high. This interaction 

can perhaps best be explained with reference to the locus of control literature. Conceptually, 

adult epigenetic beliefs, with their emphasis on individual control, are similar to an internal 

locus of control for health, whilst early life epigenetic beliefs, with their emphasis on the 

power of external factors, are similar to an external locus of control (whilst we didn’t find a 

significant relationship between early life epigenetic beliefs and the powerful others subscale 

of the MHLOC , this was likely due to their different emphases – that early life epigenetic 

beliefs describe the effect of broad external factors (caregivers, environment and experiences) 

from childhood on present ageing, whilst the powerful others subscale relates to the power of 

medical professionals and family members in adult life over one’s health).  

The MHLOC literature indicates that these loci are independent rather than two ends 

of one spectrum, and that people can simultaneously be high in an internal and an external 
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health locus of control. Similarly, our study finds that people can score high, or low, on both 

early life epigenetic beliefs and adult epigenetic beliefs, and that higher scores on adult 

epigenetic beliefs are positively associated with an internal health locus of control. As such 

having high adult epigenetic beliefs predicts a fairly high internal health locus of control 

regardless of early life beliefs, whilst it is only when adult epigenetic beliefs are low that 

early life beliefs predict a low internal health locus of control. An internal health locus of 

control has previously been found to predict health behaviours (Cheng, Cheung, & Lo, 2016; 

Luszczynska & Schwarzer, 2005). Given therefore that adult malleability epigenetic beliefs 

predict both an internal health locus of control and increased health behaviour motivation, 

this could mean that any epigenetic psychoeducation programme looking to promote healthy 

behaviours should aim to promote adult malleability beliefs, in addition to early life 

programming. It should be stressed however, that these interactions are exploratory, they 

were not predicted prior to the study and so there is the possibility they occurred by chance. 

Notwithstanding this, these potential findings may have important implications for the 

communication of epigenetics in health, and so would be worth following up in future 

research.  

4.9.1 Limitations 

One limitation of the present work is that the sample tested may have known little 

about epigenetics and epigenetic ageing outside of the short article presented intext.  

However, in the absence of a measure of familiarity with epigenetic knowledge, this is 

difficult to ascertain. With greater epigenetic knowledge, the relationships found here 

between epigenetic beliefs, health behaviour motivation and obesity policy support may 

become stronger – however this cannot be predicted for certain given the current dataset is 

cross-sectional. Another limitation is that we didn’t fully obtain discriminant validity, 

however given the overlap with social desirability was small, the EBS can overall be said to 
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have acceptable discriminant validity. Lastly, a large proportion of participants failed the first 

manipulation check in Study 1 – however exploratory factor analysis both including and 

excluding these participants suggested the same two factor structure regardless of their 

inclusion.  

4.9.2 Conclusion and further research 

In conclusion, the epigenetic belief scale (EBS) is the first validated measure to 

measure beliefs about early life and adult influences of epigenetic ageing. Through EFA, 

CFA and multiple regression analyses, we demonstrate the EBS is a two-factor scale with 

convergent, discriminant and criterion validity. We provide evidence that epigenetic beliefs - 

and especially adult epigenetic beliefs - predict health behaviour motivation and obesity 

policy support. In light of this, epigenetic psychoeducation research may consider using the 

EBS as an outcome measure of intervention impact, and to explore whether epigenetic beliefs 

can help to explain changes in outcomes such as health behaviour motivation and health-

related policy support. No links were found in the present work between epigenetic beliefs 

and fat phobia; it is likely here that for epigenetic psychoeducation to reduce fat phobia, links 

between early life factors, epigenetics and weight need to be explained within interventions.  

The development and validation of the EBS suggests several new avenues for future 

work. As stated previously, future epigenetic psychoeducation interventions could explore the 

EBS as both an outcome measure and mediator of change. For example, an intervention 

looking to promote the uptake of healthy behaviours via communicating adult malleability 

accounts of epigenetic ageing may want to use the EBS to assess whether the intervention has 

influenced beliefs about epigenetic ageing, and whether these beliefs mediate the relationship 

between the intervention and health behaviours. Furthermore, given the communication of 

epigenetics in health is a new area of research, the EBS could also be used for further 

exploratory and theory development work. A number of companies now offer epigenetic 
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(including epigenetic age) testing alongside genetic testing – one pertinent question here is 

whether consumers who pay for such testing make subsequent lifestyle changes; but another 

question is what are their beliefs about epigenetics prior to testing, and whether they change 

as a result. A second application could be in stigma work – social scientists suggest that 

individual-level health and weight stigma towards individuals may reduce as a result of 

communicating early life epigenetic influences, but may increase towards those seen as 

responsible for early life: parents, and perhaps especially, mothers. The EBS could be used to 

explore whether early life epigenetic communication increases early life epigenetic beliefs, 

and whether early life epigenetic beliefs increase blame and stigma towards parents. Thirdly, 

future work could seek to replicate the exploratory interactions found here, to understand how 

early life and adult epigenetic beliefs may interact to influence health locus of control and 

obesity policy support, and perhaps whether the same patterns found here apply to genetic, 

environmental and behavioural obesity causal beliefs. Finally, future work could contribute to 

theory by exploring what influences epigenetic beliefs themselves – as this insight into which 

demographic, personality, or health factors influence epigenetic beliefs could play an 

important role in understanding how public epigenetic health information campaigns are 

received.   
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Chapter 5 - Study 4: The impact of early life programming 

epigenetic information on parent attributions, blame, policy 

support and preconception health behaviour motivation 

5.1 Introduction 

A plethora of evidence from epigenetics and related fields supports the developmental 

origins of health and disease (DOHaD) hypothesis: that our risks for later disease and 

morbidity are largely set in our earliest days, and therefore much of this risk may be 

prevented through early life intervention targeted at appropriate nutrition and avoidance of 

chemical exposure and psychosocial stress (Barker, 2007; Gluckman, Hanson, Cooper & 

Thornburg, 2008; Vaiserman, 2015; Wallack & Thornburg, 2016). Epigenetic, literally 

‘above’ the genome, refers to a layer of additional regulatory information over and above the 

genetic information of the DNA sequence. Collectively called the epigenome, this regulatory 

information governs affects gene expression, replication and repair, and in doing so enables 

the genome to respond to its environment (Gibney & Nolan, 2010). As such, epigenetic 

mechanisms have been described as a crucial link by which the experience of environmental 

stressors can lead to adverse health outcomes, including cancer, depression, diabetes, 

Alzheimer’s and heart disease (Alvarado-Cruz, Alegría-Torres, Montes-Castro, Jiménez-

Garza, & Quintanilla-Vega, 2018; Argentieri, Nagarajan, Seddighzadeh, Baccarelli & 

Shields, 2017; Gassen, Chrousos, Binder & Zannas, 2017; Lawn et al., 2018; Muka et al., 

2016).  

Epigenetic outcomes can be assessed through the application of the epigenetic clock, 

an algorithm which by reading certain sites on an individual’s epigenetic profile (specifically 

the type of epigenetic mark known as DNA methylation) can provide an assessment of one’s 

‘epigenetic age’ (Horvath & Raj, 2018). Having an epigenetic age younger than one’s 
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chronological age has been found to predict healthy longevity, whilst an older epigenetic age 

is predictive of heart disease, cancer and all-cause mortality (Horvath et al., 2015, Perna et 

al., 2016). Research indicates that early life (from conception to childhood, and especially the 

first 1000 days) is an especially sensitive time for epigenetic responses to our environments, 

and can ‘program’ our epigenetic marks in ways that increase our risk of disease later in life 

(Vaiserman, 2015; Wallack & Thornburg, 2016). For example, being exposed to cigarette 

smoke in early life, being over-nourished in the womb, experiencing trauma and being of low 

socio-economic status in childhood have all been associated with accelerated epigenetic 

ageing (Kappil, Wright & Sanders, 2016; Khouja et al., 2018; Marini et al., 2020; Simons et 

al., 2016).  

 Accordingly, DOHaD and epigenetic researchers are now turning attention towards 

how this information may be transmitted beyond academic spheres to best promote public 

health (Barker, 2015; Hanson, Poston & Gluckman, 2019; McKerracher, Moffat, Barker, 

Williams & Sloboda, 2019). Two broad approaches are applicable for this knowledge 

translation to effect change: communicating the DOHaD evidence base to policymakers, and 

to the general population. Of these approaches, communicating DOHaD concepts to the 

general public may benefit public health by promoting healthy lifestyle change amongst 

individuals looking to conceive children (thereby improving the health of two generations at 

once), and by increasing popular support for policy designed to target the systemic 

determinants of health inequalities (Barker et al., 2018; Hanson, Poston & Gluckman, 2019; 

McKerracher, Moffat, Barker, Williams & Sloboda, 2019; Stephenson et al., 2019). 

However, despite such potential benefits, public health communication of DOHaD also risks 

encouraging parental blame for child health outcomes, with a particular concern that, because 

much epigenetic research explores the consequences of maternal behaviours during 

pregnancy, blame may be particularly targeted at mothers, instead of the social and 
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environmental challenges that parents of any gender face (Kenney & Müller, 2018; 

Richardson et al., 2014; Winett, Wulf & Wallack, 2016). The present work is the first to our 

knowledge to investigate whether impacts of DOHaD and epigenetic communication on 

preconception health behaviour motivation, policy support and parent blame depend on how 

such communications are framed: specifically, whether child epigenetic and health outcomes 

are attributed to parental lifestyles or societal conditions.  

Researchers in DOHaD and environmental epigenetics are increasingly calling for 

societal and political change to support health in future generations (Hanson, Poston & 

Gluckman, 2019; McKerracher, Moffat, Barker, Williams & Sloboda, 2019). However, 

research suggests public understanding of DOHaD and epigenetic mechanisms in early life 

development is as yet limited (Carver, Castéra, Gericke, Evangelista, & El-Hani, 2017). With 

the logic that DOHaD will have most impact on public health when its knowledge is 

transmitted beyond academic institutions, the present work explores DOHaD and epigenetic 

communication to the general public, to investigate possible impacts on preconception health 

behaviour motivation and policy support. Examining these in turn, on an individual level, it 

has been suggested that communicating DOHaD and epigenetic mechanisms in child health 

to the public may empower couples looking to conceive to make informed, healthy lifestyle 

choices, optimising the ‘teachable moment’ of planning a pregnancy to improve health for 

two generations at once (McKerracher, Moffat, Barker, Williams & Sloboda, 2019; 

Stephenson et al., 2019). Whilst pre-conception is an important yet difficult period to define, 

due to many pregnancies being unplanned, providing preconception health education to 

young adults through public health communications may promote health behaviour 

motivation within this subpopulation. Secondly, on a broader level, communicating DOHaD 

and epigenetics may encourage support for policies designed to address the systemic factors 

that lead to early life health inequalities. For example, messaging on how dietary inequalities 
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in early life can not only affect current health, but epigenetically program risks for disease in 

later life may foster public support for policies designed to reduce these inequalities, such as 

for governments to provide subsidies for healthy dietary options (Jacob & Hanson, 2020).   

However, one potential pitfall of DOHaD and epigenetic public health communication 

is the possibility of provoking blame towards parents, and especially towards mothers 

(Richardson, 2014). Specifically, to the extent to which interventions reference parental 

lifestyle as an influence of children’s epigenetic ageing, health and development, parent 

blame may follow as an unintended result (Dupras & Ravitsky, 2016; Juengst, Fishman, 

McGowan & Settersten, 2014). Research already suggests that parents are blamed for 

children’s obesity, depression and attention deficit disorders (Mukolo & Heflinger, 2011; 

Wolfson, Gollust, Niederdeppe & Barry, 2015) – adding to this the idea that parental lifestyle 

may set a child’s risk for poor health over their whole lives may exacerbate negative 

judgements and blame towards parents, particularly those whom for one reason or another 

may not follow or be able to follow standard health advice. Particularly troubling in these 

fears is the possibility that the majority of this parental blame may be directed at mothers 

(Richardson, 2014). Mother blame for children’s mental and physical ill health has a long 

history, with mothers’ behaviours and character traits previously blamed in scientific and 

media works for outcomes as diverse as fetal alcohol syndrome, autism, or criminality (Bell, 

McNaughton & Salmon, 2009; Douglas, 2014; Winett, Wulf & Wallack, 2016). Whilst many 

of these previous theories, such as ‘refrigerator mothers’ causing autism, have since been 

abandoned (Douglas, 2014), many social scientists have expressed concerns that 

communicating DOHaD and epigenetic links between parental lifestyle and child health may 

place disproportionate pressure on mothers and lead to over-policing of pregnant women’s 

behaviours, whilst detracting attention away from important features of the environment that 
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may limit parental health choices (Hessler, 2013; Richardson, 2014; Winett, Wulf & Wallack, 

2016). 

Whether DOHaD communications increase health-related policy support and 

preconception health behaviour motivation, and whether they increase parental and mother 

blame may depend on the way in which this information is framed. Framing theory suggests 

that new information is processed through existing mental models or frames, and therefore 

that the way a message is framed will affect an audience’s response to it (Cacciatore, 

Scheufele & Iyengar, 2016; Entman, 2002; Scheufele, 1999). Linked to this, attribution 

theory suggests that our emotional and behavioural responses to events depends on what we 

believe has caused them (Weiner, 2018). As such, responses to DOHaD and child epigenetic 

ageing information may depend on what is cued as causally responsible for these phenomena. 

Attribution research has indicated potential trade-offs that may apply for different 

causal beliefs: for example, believing a health outcome is within personal control may 

promote practice of healthy behaviours (e.g. behavioural causal beliefs of non-communicable 

disease predict physical activity and diet (Nguyen, Oh, Moser & Patrick, 2015)), however, 

belief in behavioural causation can also attract blame, and is an important antecedent of 

health-related stigmas, such as weight stigma, or stigma towards individuals with Type II 

diabetes (Crandall et al., 2001; Elran-Barak & Bar-Anan, 2018, Vishwanath, 2014). 

Furthermore, blame for ill health may be exacerbated towards parents compared to 

individuals, due to moralised perceptions of parenting – that whilst an adult can make their 

own health choices, a child cannot and so a parent must be responsible for them 

(Chiapperino, 2018). Alternatively, beliefs that ill health is caused by factors outside of 

personal control, such as the environment or genetics, is typically associated with less blame 

towards individuals with ill health, and increased policy support for government health 

promotion programs compared to beliefs in personal behaviour as causation. However, belief 
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in external factors as causes of health is also associated with a diminished personal agency, 

and have been found to predict increased smoking and physical inactivity (Kaphingst, 

Lachance & Condit, 2009; Wang & Coups, 2010). As such, impacts of DOHaD 

communication may depend on causal framing – where individual parenting behaviours are 

suggested as the ultimate cause of children’s epigenetic ageing, one might expect increased 

preconception health behaviour motivation, but reduced assistive policy support and 

increased parent blame, compared to where the social environment is suggested as a cause.  

As a new development within health communication, little is currently known about 

how individuals respond to information about the role of parent lifestyles in children’s 

epigenetic ageing. With regards to health behaviour motivation, existing research has found 

that a school module on DOHaD and epigenetics can motivate dietary change in adolescents 

(Bay, Vickers, Mora, Sloboda & Morton, 2017), that knowledge of DOHaD in pregnant 

women is associated with higher quality diet in pregnancy (McKerracher et al, 2020), and 

that belief in adult lifestyle as a cause of epigenetic ageing was positively associated with 

health behaviour motivation (Study 3; though a short epigenetic information intervention was 

not observed to increase health behaviour motivation (Study 1 & 2)). Similarly, one 

epigenetic psychoeducation intervention found that parents felt more knowledgeable in how 

to promote their children’s health after accessing the epigenetic module (Hollister, 

Yaremych, Goldring & Persky, 2019). With regards to policy support, previous work 

indicates that framing obesity as caused by early life environment epigenetic effects can 

increase legal protection policy support compared to framing obesity as genetically caused 

(Study 1), and in relation to parent blame, an online learning module about epigenetics 

increased parents’ feelings of guilt, and negative feelings towards epigenetics (Hollister, 

Yaremych, Goldring & Persky, 2019). Thus, the existing evidence suggests that 

communicating DOHaD and epigenetics may promote health behaviour motivation, obesity 
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policy support, and parent guilt. No study to date however, has yet examined the effect of 

communication of DOHaD and epigenetic concepts on preconception health behaviour 

motivation, health inequality-related policy support and parental blame – and whether how 

these issues are framed may influence these outcomes.   

Deriving our predictions from attribution and framing theories, the current study 

investigated the effects of differing causal frames of child epigenetic ageing on outcomes of 

policy support, preconception health behaviour motivation and parent blame. In particular, by 

comparing causal accounts that either located responsibility for children’s epigenetic ageing 

within individual parent behaviours, or broader societal inequalities (as compared to a no 

information control), we explored whether these two active conditions might fulfil the trade-

offs expected by attribution theory. Namely, that an individual parent account of children’s 

epigenetic development and health might increase preconception health behaviour 

motivation, but at the cost of reduced policy support and increased parent-blame, whilst a 

societal conditions account would increase policy support and reduce parent blame, but at a 

cost of decreased health behaviour motivation. We were also interested in whether any effects 

of DOHaD communication on parent blame might be gendered – and sought to investigate 

whether mothers would be attributed greater blame than fathers, and whether such an effect 

may also be frame-dependent.  

Our hypotheses were as follows: 

H1: An individual parent frame will increase blame towards parents of children with high 

epigenetic ages, compared to a societal frame or no-information control; a societal 

frame will decrease blame towards parents of children with high epigenetic ages 

compared to a control.  
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H2: A societal frame will increase assistive policy support, compared to an individual 

parent frame or control; an individual parent frame will decrease policy support 

compared to a control. 

H3: An individual parent frame will increase health behaviour motivation compared to a 

societal frame or a control. A societal frame will decrease health behaviour motivation 

compared to a control.   

H4: Mothers will be perceived as more in control of and to blame for their child’s 

epigenetic age than fathers. This gender difference will be larger in the individual 

parent frame than in the control or societal frame.  

5.2 Method 

5.2.1 Participants 

Ethical approval was provided by the University of Bath Research Ethics Committee 

under the same umbrella ethical approval as Studies 2-5 in the project (project approval code 

20-020). Participants were recruited from Prolific (prolific.co) and received reimbursement of 

£1.57 for participation. As before, inclusion criteria required participants to be adults (18 

years or over), UK residents (to avoid differences in pre-existing national health policies) and 

to be fluent in English (given text complexity). In addition, because this study was interested 

in looking at effects on pre-conception health behaviour motivation, inclusion criteria 

required participants to be of child-bearing age and to not currently have children. 

Specifically, as the average age of UK parents is 32 (30.7, mothers, 33.6 fathers; ONS, 2020), 

the five years prior to age 30 were selected for our participant sample, as this may be a key 

target demographic for public health campaigns on preconception health, therefore 

individuals aged 25-30 were invited to participate. No pre-existing children was a criterion 

for inclusion to keep the sample homogenous where possible, and because UK health policy 

outlines different (currently less well-defined) strategies for promotion of inter-conception 



 153 

health (Stephenson et al., 2019). The questionnaire was presented in Qualtrics, and the mean 

completion time was twelve minutes. 

Sample size was determined via G*power calculations, which estimated that to detect 

a meaningful difference of .3 in scores, similar to the differences observed in the previous 

studies of the PhD, 342 participants would be required. 364 responses were collected, from 

which 13 were excluded from the final sample, due to failing one or more of the following 

attention checks: attention check 1 (n=7), attention check 2 (n=5), and attention check 3 

(n=4). Of the final included sample of 351 (130 males, 218 females), participants were aged 

24 to 31 (M=26.85, SD =1.82), had education from GCSEs to equivalent to doctoral degrees, 

on average rated themselves as slightly better off than other people in the UK (subjective 

SES, M=5.60, SD=1.44) and were on average slightly left-wing politically (M=3.06, 

SD=1.37). 

5.2.2 Design and Procedure 

Using a between-subjects design, participants were randomly allocated to one of three 

conditions. The first two included articles providing an account of children’s epigenetic 

ageing and health as influenced by: individual parent nutrition and chemical exposure 

behaviours (Individual Behaviour condition) or societal factors affecting parents’ nutrition 

and chemical exposure (Societal Influences condition). The first 424 words of the articles 

were identical, and introduced epigenetics and the epigenetic clock, and the final 

approximately 350 words of each were specific to individual parent causal accounts (e.g., 

‘below are some findings on how people may influence their future children’s epigenetic 

ageing and health, along with steps they can take to give their child a healthy start’) or 

societal influence accounts (e.g., ‘Whilst there are steps individuals can take to give their 

child a healthy start, this is no easy task for many. People’s environments – from their 

geographical location to their food access and income, can greatly influence their ability to 
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take preventative steps’) (See Appendix E for full texts). The third condition received no 

article or information (Control condition).  

Subsequently, participants in the active conditions completed attention checks (see 

below for details), and then all participants were presented with the same standard vignette. 

The vignette related information about parents (‘Naomi’ and ‘Matt’) with a young child 

(‘Jack’) with a high epigenetic age, which his parents had learnt about as part of a national 

health trial. The vignette also explained that fast epigenetic ageing is associated with an 

increased risk for health problems such as obesity, and non-communicable diseases (see 

Appendix F for full text). Finally, participants completed the following outcome measures:  

5.2.2.1 Attention checks 

Attention to the individual parent and societal parent articles was assessed with three 

items. The first two were common to both articles: “Epigenetic mechanisms ” (correct 

answer: “can essentially switch our genes on or off”; incorrect answers: “can genetically 

modify our genes” and “are not found in humans”), and “Epigenetic ageing is related to ” 

(correct answer: “our long term health and risk of disease”, incorrect answers: the number of 

chromosomes we have” and “artificial intelligence”). The last question item ,“The main 

argument of the above article was ” was common to both, however with a different correct 

answer (correct answer individual parent: “Parental lifestyles influence children’s epigenetic 

ageing and health”; correct answer societal condition: “Parental environments influence 

children’s epigenetic ageing and health”; incorrect answers for both: “Exposure to 

hyaluronic acid influences children’s epigenetic ageing and health” and “Artificial 

intelligence influences children’s epigenetic ageing and health”.  

5.2.2.2 Parent Blame 

Parent blame was assessed with the following three items: “How much responsibility 

does Matt/Naomi have for Jack’s high epigenetic age?”, “To what extent do you think 
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Matt/Naomi is to blame for Jack’s high epigenetic age?” and “To what extent do you think 

Matt/Naomi would be justified in feeling guilty for Jack’s high epigenetic age?”. Responses 

were given on a 7-point Likert scale from ‘Very little responsibility/very little to blame/not at 

all justified’ at 1 to ‘a great deal of responsibility/a great deal to blame/completely justified’ 

at 7, so that higher scores indicated greater parent blame. Questions were repeated separately 

for the mother and father, and were counterbalanced so that half of participants viewed the 

mother questions first, and half viewed the father questions first. 

5.2.2.3 Parent Appraisals 

Character appraisals of Jack’s (the vignette child) parents were measured with the 14-

item Stereotype Content Model scale (Cuddy, Fiske & Glick, 2008; Gheorghiu, Callan & 

Skylark, 2017), assessing perceived competence, warmth/sociability and morality). 

Participants were given the instruction: “Please rate the extent to which you would imagine 

the following to describe  parent’s name   and provided responses to items (e.g., ‘capable’, 

‘kind’) on a 7-point Likert scale where 1=strongly disagree and 7=strongly agree). Responses 

were analysed across the three different subscales, and also together, so that higher scores 

indicate more positive appraisals. Presentation of items was counterbalanced, so that half of 

the sample viewed father appraisal items first, and the other half mother appraisal items first.  

5.2.2.4 Preconception Policy Support 

Preconception health policies were taken from a Lancet report of recommendations by 

the Preconception Partnership group for UK policy (Stephenson et al., 2019). Support for 

these policies (e.g., ‘Fortify all flour with folic acid and other vitamins’ and ‘Provide health 

food subsidies (making healthy food items such as fruit and vegetables cheaper to buy in the 

supermarket)’) was measured on a 7-point Likert scale where 1=strongly oppose and 

7=strongly support, so that higher mean scores indicated greater policy support.  
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5.2.2.5 Preconception health behaviour motivation 

Preconception health behaviour motivation was split into two parts, looking to assess 

motivation in the case of deciding to have a baby (“Imagine you have decided to try to 

conceive a baby. Compared to your usual lifestyle, how likely are you to do the following 

during this time?”), and motivation prior to making this decision (“Imagine you would like to 

have children someday, but you have no current plans. How likely are you to do each of the 

following?”).  This split was included to capture whether experimental conditions might 

affect responses to motivation in the former scenario but not the latter. Eleven response items 

were included to capture a range of preconception health behaviours (e.g., ‘Reduce or limit 

my smoking’ and ‘Increase my intake of fruit and/or vegetables’), and responses were given 

on a scale where 1  not at all likely and 10 extremely likely, with a ‘not applicable’ option.  

5.2.2.6 Demographics 

Lastly, the following demographic information was collected: age, gender, political 

orientation (on a 7-point scale where 1= very left wing, 7= very right wing, with an option for 

“none of these”), education (GCSEs or equivalent, A levels or equivalent, undergraduate 

degree, postgraduate degree, doctoral degree, or ‘other’), and subjective SES, using 

MacArthur’s scale of Subjective Social Status to assess how well off participants felt 

compared to others in the UK (Adler et al., 2000; Callan, Kim & Matthews, 2015).   

After completing the above, participants were given a blank text box to comment on 

the study if they wished, were provided a written debrief as to the aims of the study, and 

received payment.  

5.3 Results 

5.3.1 Data screening, descriptive statistics and preliminary analysis 

Descriptive statistics and correlations among measures are displayed in Table 5.1. 

Scale reliability analysis demonstrated that all scales showed good-to-excellent reliability 
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(Cronbach’s alpha above .80), with the exception of policy support, which showed acceptable 

reliability, with a Cronbach’s alpha of .79 (see Table 5.1). 

Perception of parental control measures (for the mother and father) of the child’s high 

epigenetic age were highly positively correlated with parental blame measures, and 

significantly negatively correlated with perceived parental competence, warmth and morality, 

so that greater perceived control of a parent over their child’s epigenetic age was associated 

with greater blame towards the parents, and greater perceived control and blame were linked 

to more negative perceptions of parents as less competent, warm and moral. Parental control 

and blame measures were also significantly positively associated with policy support, so that 

the more control and blame participants attributed to parents, the more in favour they were of 

preconception health policy. Perceiving the mother as less competent was similarly linked to 

greater preconception policy support.  

With regards to health behaviour motivation, viewing the mother as having greater 

control over her child’s epigenetic age, blaming the mother and father for their child’s 

epigenetic age, and viewing the mother and father as warm was associated with increased 

motivation towards preconception health behaviours whilst not yet planning to have children 

oneself. Blaming the mother and father of a child with a high epigenetic age, meanwhile, was 

associated with increased motivation towards preconception health behaviours whilst 

planning to have a baby. Lastly, support for preconception policy was positively correlated 

with both kinds of health behaviour motivation.  

The correlations between control, blame and parental appraisals are as expected, as 

these fit within attribution theory – if we think someone has control over a bad outcome, yet 

has not prevented it, we will think they are to blame, and show more negative appraisals of 

them. More unexpected was the positive relationship between parental control and blame and 

policy support, as generally findings suggest that if someone is less in control of or to blame 
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for a poor health outcome (e.g. environmental explanations for obesity) then policy support is 

higher. However, this current correlation could be explained by the extent to which 

participants believed a child’s epigenetic ageing was influenced by parental actions vs. 

genetics alone (as may have been believed in the control condition) – with the latter being 

interpreted as unresponsive to policy. This may explain why believing a child’s epigenetic 

age is within their parents’ control is associated with parent blame and increased policy 

support, which in turn are positively correlated with preconception health behaviour 

motivation – because in this scenario, epigenetic ageing is controllable, and responsive to 

both individual efforts and relevant policy, in contrast to viewing epigenetic ageing as 

uncontrollable



 159 

Table 5.1 Descriptive statistics: means, standard deviations, scales, and scale reliabilities 

Measures M (SD) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1. Father 

control 3.53 (1.44) (.83)               

2. Mother 

control 3.79 (1.56) .85** (.87)              

3. Father blame 3.45 (1.39) .79** .70** (.86)             

4. Mother 

blame 3.67 (1.49) .72** .81** .83** (.89)            

5. Father assess 4.48 (.76) -.26** -.31** -.26** -.31** (.96)           

6. Mother 

assess 4.49 (.79) -.24** -.30** -.23** -.33** .93** (.96)          

7. Father 

competence 4.39 (.82) -.29** -.33** -.29** -.33** .93** .87** (.91)         

8. Mother 

competence 4.36 (.88) -.26** -.32** -.27** -.37** .85** .93** .89** (.92)        

9. Father 

warmth 4.52 (.79) -.20** -.26** -.18** -.24** .93** .87** .77** .71** (.93)       

10. Mother 

warmth 4.58 (.80) -.18** -.23** -.16** -.24** .87** .93** .74** .75** .90** (.93)      

11. Father 

morality 4.54 (.83) -.25** -.29** -.26** -.30** .95** .88* .83** .78** .86** .81** (.90)     

12. Mother 

morality 4.53 (.87) -.23** -.28** -.23** -.31** .90** .96** .81** .84** .84** .86** .90** (.91)    

13. Policy 

support 5.53 (.69) .13* .17** .18** .22** -.04 -.06 -.08 -.12* .02 -.01 -.04 -.04 (.79)   

14. HBM no 

plan 7.60 (1.67) .09 .12* .13* .12* .10 .09 .08 .06 .12* .12* .07 .06 .41** (.92)  

15. HBM plan 8.19 (1.56) .07 .10 .11* .12* .07 .05 .06 .03 .07 .07 .06 .03 .40** .77** (.92) 

 

Note. HBM no plan = health behaviour motivation where the individual imagines they have no current plans to conceive. HBM plan = health 

behaviour motivation where the individual imagines they have decided to try to conceive. Alpha reliabilities are presented along the 

diagonal, where construct is a multi-item scale. *p <0.05, **p=<0.01. 
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5.3.2 Effect of Epigenetic Ageing Explanations on Dependent Measures 

ANOVAs were run to determine the effect of the differing epigenetic ageing 

explanations on attribution, policy support and health behaviour motivation measures. As 

some minor violations of normality were observed (a slight skew towards high health 

behaviour motivation) through histograms, Kruskal Wallis tests were run – as the results of 

these tests did not differ in their significance outcomes obtained, the original ANOVA results 

are reported here. Table 5.2 shows the means, standard deviations and 95% confidence 

intervals.  

Table 5.2  

Means, standard deviations and 95% confidence intervals 

Measure M (SD) 

Individ

ual 

M (SD) 

Societal 

M (SD) 

Control 

95% CI 

Individual 

-Societal 

95% CI 

Individual-

Control 

95% CI 

Societal -

Control 

Father Control 4.09 

(1.13) 

4.10 

(1.04) 

2.48 

(1.44) 

-.39, .39 1.23, 2.00 1.23, 2.00 

Mother Control 4.63 

(1.05) 

4.42 

(1.10) 

2.44 

(1.41) 

-.16, .60 1.82, 2.57 1.60, 2.35 

Father Blame 3.97 

(1.19) 

3.93 

(1.11) 

2.53 

(1.33) 

-.35, .43 1.06, 1.82 1.02, 1.78 

Mother Blame 4.41 

(1.09) 

4.17 

(1.25) 

2.50 

(1.33) 

-.14, .64 1.53, 2.30 1.28, 2.05 

Father Assess 4.34 

(.62) 

4.32 

(.68) 

4.76 

(.86) 

-.22, .24 -.66, -.19 -.67, -.21 

Mother Assess 4.34 

(.64) 

4.32 

(.74) 

4.79 

(.89) 

-.23, .26 -.69, -.21 -.71, -.23 
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5.3.2.1 Parental control 

A significant effect of epigenetic ageing accounts was found on perceptions of 

perceived paternal control (F(2, 348)= 69.29, p<.001, η2
p =.285) and perceived maternal 

control over their child’s epigenetic ageing (F(2, 348)= 121.66, p<.001, η2
p =.411). Within 

this, pairwise comparisons (Bonferroni corrected) demonstrated that those who had read the 

individual or societal epigenetic explanations rated the father (p<.001, p<.001 respectively) 

Father 

Competence 

4.23 

(.67) 

4.18 

(.73) 

4.73 

(.90) 

-.20, .29 -.75, -.27 -.80, -.31 

Mother 

Competence 

4.23 

(.74) 

4.11 

(.82) 

4.73 

(.94) 

-.16, .38 -.77, -.25 -.88, -.35 

Father Warmth 4.37 

(.62) 

4.46 

(.73) 

4.73 

(.93) 

-.34, .15 -.61, -.12 -.51, -. 03 

Mother Warmth 4.42 

(.65) 

4.49 

(.76) 

4.82 

(.91) 

-.32, .18 -.64, -.15 -.57, -.08 

Father Morality 4.43 

(.71) 

4.33 

(.79) 

4.83 

(.89) 

-.15, .36 -.65, -.15 -.75, -.25 

Mother 

Morality 

4.38 

(.69) 

4.37 

(.83) 

4.82 

(.97) 

-.26, .27 -.72, -.19 -.72, -.20 

Policy Support 5.55 

(.59) 

5.65 

(.68) 

5.39 

(.77) 

-.31, .12 -.05, .38 .05, .48 

HBM Plan 8.15 

(.156) 

8.35 

(1.43) 

8.07 

(1.67) 

-.70, .30 -.41, .56 -.21, .76 

HBM No Plan 7.59 

(1.62) 

7.69 

(1.56) 

7.50 

(1.81) 

-.62, .45 -.43, .61 -.34, .70 
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and the mother (p<.001, p<.001 respectively) as having significantly more control over their 

child’s epigenetic age than those in the no-information control condition. For both maternal 

and paternal outcomes there was no significant difference between the scores of those 

exposed to the individual and societal accounts.  

5.3.2.2 Parent blame 

A significant effect of epigenetic ageing accounts was also found on father blame 

(F(2, 348)= 54.78, p<.001, η2
p =.239) and mother blame (F(2, 348)= 86.51, p<.001, η2

p 

=.332). Pairwise comparisons revealed the same pattern – those who had read the individual 

or societal epigenetic explanations rated both the father (p<.001, p<.001) and the mother 

(p<.001, p<.001) as being significantly more to blame for their child’s epigenetic age than 

those in the no information control, with no differences between the two active conditions.  

5.3.2.3 Parent appraisals  

The effect of epigenetic ageing account on parent appraisals was also significant both 

in overall parent appraisals (paternal: F(2, 348)= 14.03, p<.001, η2
p =.075; maternal: F(2, 

348)= 14.51, p<.001, η2
p =.077), and for the subscales of parent competence (paternal: F(2, 

348)= 18.87, p<.001, η2
p =.098; maternal: F(2, 348)= 18.36, p<.001, η2

p =.095), warmth 

(paternal: F(2, 348)= 7.21, p=.001, η2
p =.040; maternal: F(2, 348)= 8.77, p<.001, η2

p =.048)  

and morality (paternal: F(2, 348)= 13.18, p<.001, η2
p =.070; maternal: F(2, 348)= 11.74, 

p<.001, η2
p =.063).  

Pairwise comparisons demonstrated the same pattern of findings here too – that those 

exposed to the individual and societal accounts appraised the father and mother more 

negatively overall (paternal: p<.001; p<.001; maternal: p<.001; p<.001), and specifically as 

less competent p<.001; p<.001; maternal: p<.001; p<.001), less warm (paternal: p=.001; 

p=.022; maternal: p<.001; p=.004) and less moral (paternal: p<.001; p<.001; maternal: 
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p<.001; p<.001) than those who exposed to the no information control, with no differences 

between these two active conditions.  

5.3.2.4 Policy support 

A significant effect was found for the influence of epigenetic ageing account on 

preconception health policy support (F(2, 348)= 4.46, p=.012, η2
p =.025), within which those 

who had read the societal epigenetic account more strongly supported these policies than 

those in the no information control (p=.011). No other comparisons were significant. 

5.3.2.5 Health behaviour motivation 

No significant effects of epigenetic ageing account were found on either 

preconception health behaviour motivation when the participant imagined they would like 

children some day but not yet (F(2, 348)= .34, p=.710, η2
p =.002), nor when the participant 

imagined they had decided to try for a baby (F(2, 348)= .98, p=.377, η2
p =.006).  

5.3.3 Effect of parent gender on parent attributions and appraisals and interactions with 

epigenetic ageing account 

To test whether the gender of the parent impacted parental attributions and appraisals, 

and whether there was an interaction between parent gender and epigenetic ageing account on 

parental outcomes, mixed ANOVAs were run. 

5.3.3.1 Parent control 

There was a significant main effect of parent gender on perceptions of parent control 

over their child’s epigenetic age (F(1, 348)= 39.12, p<.001, η2
p =.101); in that the mother was 

attributed greater control across conditions than the father. There was also a significant 

interaction between parent gender and epigenetic ageing account for control (F(2, 348)= 

16.07, p<.001, η2
p =.085), of which paired sample t-tests revealed that mothers were 

attributed greater control than fathers in the two epigenetic explanation conditions 
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(individual: t(113)=-6.30, p<.001, d=.50; societal: t(113)=-3.71, p<.001, d=.30), but not in the 

no information control (t(122)=.98, p=.329, d=.03).  

5.3.3.2 Parent blame 

There was also a significant main effect of parent gender on perceptions of parent 

blame for their child’s epigenetic age (F(1, 348)= 25.96, p<.001, η2
p =.069); in that the 

mother received more blame than the father. Following up the significant interaction between 

parent gender and epigenetic ageing account for blame (F(2, 348)= 10.02, p<.001, η2
p =.054) 

demonstrated that mothers received more blame than fathers in the two epigenetic 

explanation conditions (individual: t(113)=-5.55, p<.001, d=.40; societal: t(113)=-2.56, 

p=.012, d=.21), but not in the no-information control (t(122)=.52, p=.602, d=.02).  

5.3.3.3 Parent appraisals 

A significant main effect of parent gender on perceived parent warmth was observed, 

with the mother of the child perceived as being more warm than the father (F(2, 348)= 8.13, 

p=.005, η2
p =.023), however there were no interactions between parent gender and epigenetic 

ageing account for parent warmth. No significant main effects or interactions were found for 

parent gender on overall parental appraisals, on parent competence, or on parent morality.  

 

5.4 Discussion 

Previous research has suggested that communication of the developmental origins of 

health and disease (through the influence of epigenetics) may encourage support for policies 

designed to reduce health inequalities in early life. However, given that much epigenetic 

research focuses on the mother’s role, doing so may risk encouraging mother blame for 

children’s ill health (Jacob & Hanson, 2020; Kenney & Müller, 2018; Richardson et al., 

2014; Winett, Wulf & Wallack, 2016). Equally, research has suggested that the 

communication of early life epigenetic health information may promote healthy behavioural 
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change amongst individuals considering starting a family (Barker et al., 2018; McKerracher, 

Moffat, Barker, Williams & Sloboda, 2019; Stephenson et al., 2019). The present study was 

designed to explore whether such effects, if they are to be found, would be influenced by how 

this communication is framed; specifically, whether framing this information in terms of 

individual parent responsibility vs. societal responsibility would influence outcomes of 

perceived parental control and blame for children’s epigenetic ageing, parental character 

assessments, health policy support and health behaviour motivation.  

Firstly, with regards to perceived control and blame, the same pattern of results was 

found for both mothers and fathers; parents were perceived as more in control of their child’s 

epigenetic age and as more to blame for their child’s epigenetic age being high by 

participants who received individual behaviour or societal conditions information about 

epigenetic ageing (with no differences between the two), compared to participants who 

received no information. This pattern was also observed for parental character assessments, 

so that the mother and father of a child with a high epigenetic age were judged as less 

competent, less warm and less moral when participants received individual or societal 

information about epigenetic ageing, compared to when they received no information. These 

findings partially support our predictions regarding parents being attributed greater control 

and blame and more negative character assessments when reading individual explanations of 

children’s epigenetic ageing as compared to reading no information, however unexpected is 

the lack of difference in these outcomes between those exposed to individual and societal 

explanations.  

This pattern of results can likely be explained by between-group differences in the 

extent to which a responsible agent for the child’s high epigenetic age could be inferred 

(Rudolph, Roesch, Greitemeyer & Weiner, 2004; Weiner, 2018). Whilst the case study for 

each group described the consequences of epigenetic ageing (an increased risk of NCDs in 
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later life), participants in the control group, in order to observe their uninfluenced 

assumptions, were provided no information as to likely causes of the case study child’s high 

epigenetic age. In the absence of this information, and given public knowledge of epigenetics 

is currently low, making it unlikely many had substantial pre-existing knowledge to draw 

upon (Carver, Castéra, Gericke, Evangelista & El-Hani, 2017), participants may have either 

concluded themselves unable to judge parents negatively in the absence of facts, or, they may 

have attempted to decode the meaning of the term ‘epigenetic age’ by breaking it down into 

its known quantities, leaving: ‘age’, which is frequently understood as an unavoidable, 

biological process (Awang, Mansor, Nai Peng & Nik Osman, 2018; Parish et al., 2019), and 

‘genetic’ which tends to be understood within public discourse as heritable, immutable 

factors (Condit, 2009). As such, participants may have concluded Jack’s high epigenetic age 

was a genetic condition, or genetic predisposition to disease, meaning his parents could not 

control it and as such were exempt from blame and negative character assessments. 

Similarly, the lack of difference between participants exposed to the individual and 

societal information in perceived parental control, blame and character assessment outcomes 

may be explained by both these participant groups ultimately identifying parental lifestyle as 

the main cause of the child’s high epigenetic age. Whilst the societal text aimed to explain 

that the relationship between parental lifestyle and children’s epigenetic ageing is itself 

affected by societal inequalities (Müller & Samaras; Winett, Wulf & Wallack, 2016), in order 

to control for any extraneous factors the text was otherwise constructed to be similar to the 

individual parent text, in ways that may have limited its efficacy in reducing negative 

parental assessments. Firstly, both conditions identified individual parental behaviours (i.e. 

smoking and diet) that may influence epigenetic outcomes, rather than limiting information to 

a description of social inequalities on a broader scale. This may have limited the ability of the 

societal condition to reduce blame, because research suggests that the idea of personal 
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responsibility for health is so salient for Western audiences (Bauer et al. 2014; Brownell et 

al., 2010; Mejia et al., 2014; Murthy, 2016), that prompting the idea of individual causation at 

all, especially early on in the text, may lead the reader to discount other relevant causal 

information (Luck-Sikorski, Riedel-Heller & Phelan, 2017; Savani, Stephens & Markus, 

2011; Winett, Wulf & Wallack, 2016). This may be especially the case given the two 

example influences, nutrition and smoking, tend to be frequently viewed as an individual 

choice, rather than a less controllable example, such as stress (Heley, Kennedy-Hendricks, 

Niederdeppe & Barry, 2019). Secondly, identifying parental influences and then giving an 

example of specific parents in the case study may have exacerbated this tendency to 

negatively judge – research has indicated that whilst emotion-provoking, persuasive 

narratives may diminish stigma or encourage compassion towards, for example, people with 

negative mental or physical health outcomes (Heley, Kennedy-Hendricks, Niederdeppe & 

Barry, 2019; Oliver, Dillard, Bae & Tamul, 2012), referencing an individual case outside of 

this context can lead to audiences understanding the issue on an individual, rather than 

societal level, leading to increased perceptions of individual responsibility (Barry, Brescoll & 

Gollust, 2013). Lastly, the societal information may not have decreased control, blame or 

negative assessments because no alternative causal agent was identified – it is possible that 

had this text been written from the perspective of a government, food or tobacco industry’s 

role in creating these health inequalities, that parental blame may have reduced – if such a 

condition did not increase counterarguing (Gollust & Capella, 2014; Lundell, Niederdeppe & 

Clarke, 2013; Niederdeppe, Shapiro & Porticella, 2011; Skurka, 2019).  

One potential alternative to these explanations is that ideas of personal responsibility 

for health, and parental responsibility for children’s health, are so entrenched that even 

societal health inequalities information that makes all of the above adjustments (excluding 

individual parent behaviour information, avoiding identifying individual parents, and 
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including the government or industry as alternative causal agents) may still fail to reduce 

perceptions of parental control and blame – but may instead increase the perception that 

society is responsible for children’s early epigenetic and health development. Previous work 

indicates that individual responsibility and societal responsibility may be perceived 

independently, and that previous societal accounts of health issues have not influenced 

perceptions of individual responsibility, but have increased ratings of societal responsibility 

(Barry, Gollust, McGinty & Niederdeppe, 2014; Heley, Niederdeppe & Barry, 2019; 

Niederdeppe, Shapiro, Kim, Bartolo & Porticella, 2014; Niederdeppe, Shapiro & Porticella, 

2011). Therefore, it is possible that including a measure for society’s, the government’s or 

industry’s responsibility for children’s epigenetic ageing and early development may capture 

a change that wouldn’t be observed for individual responsibility. 

Secondly, our parental control and blame findings were gendered – as predicted, 

mothers were attributed greater control over their child’s epigenetic age than fathers, and 

perceived as more to blame for their child’s fast epigenetic ageing than fathers. An 

interaction between gender and information condition further demonstrated that increased 

perceptions of maternal control and blame were apparent only for the epigenetic ageing 

information groups – with participants who received no information showing no gender 

differences in parent control or blame. Importantly, this suggests that communicating the role 

of parental lifestyle in children’s epigenetic ageing and development may be likely to 

disproportionately increase blame towards mothers, fulfilling what many social scientists 

have warned against (Jacob & Hanson, 2020; Kenney & Müller, 2018; Richardson et al., 

2014; Winett, Wulf & Wallack, 2016). That communicating developmental origins 

information can increase blame particularly towards mothers is problematic on a number of 

levels – both morally, in the sense that many mothers, especially those of low socioeconomic 

status, may be in a position where they are unable to influence their or their child’s exposure 
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to environmental stressors (e.g. psychosocial stressors, environmental contaminants and 

pathogens, or diet quality), and therefore in these cases mother blame is particularly unjust 

(Marmot & Bell, 2012; M’Hadi, de Beaufort, Jack & Steegers, 2018). Secondly, as 

mentioned above, a focus on the individual influence of mothers can detract attention from 

engaging with other influences in a developing child’s life in a way that means that research, 

health care policy and practice all fail to appropriately include fathers, other family members 

and the systemic determinants of health and disease within their scope (McKerracher, Moffat, 

Barker, Williams & Sloboda, 2018; Sharp, Lawlor & Richardson, 2018). Lastly, increased 

mother blame for children’s early health and development may have negative biological and 

psychological consequences for mothers and children. Specifically, the pressure of the 

knowledge that maternal lifestyle during pregnancy may affect a child’s health and 

development not just at that time, but into its adult life is likely to be perceived as an added 

stressor, and may risk increasing mothers’ anxiety or distress (Robinson et al., 2015; Van den 

Bergh et al., 2020). Compounding this with that maternal stress is itself a predictor of poor 

child health outcomes (such as preterm birth) may leave mothers in an impossible bind 

(Beijers, Buitelaar & de Weerth, 2014; Williams, Kurz, Summers & Crabb, 2013; Van den 

Bergh et al., 2020). Importantly, disproportionate mother blame is not an inevitable 

consequence of such knowledge transmission - an initial trial found that where 

communications specifically stressed that both mothers and fathers could have epigenetic 

influences on their children, no gender differences were found for ratings of the importance 

of parental lifestyles in children’s epigenetic development – however a majority of parents 

reported feeling guilty and negative about epigenetic concepts following the learning module 

(Hollister, Yaremych, Goldring & Persky, 2019). As such, it is clear from the existing 

evidence base that any communication of parental influences on a child’s early epigenetic 
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development carries a risk for increased parental-blame, or parental guilt, perhaps especially 

for mothers, and as such should be handled with caution and sensitivity.  

Thirdly, with regards to policy support, the present work found that participants who 

read the societal account of epigenetic ageing in children were more likely to support health 

policies aimed at reducing health inequalities than participants who received no information, 

with no other differences between conditions. These findings of environmental explanations 

promoting policy support supports other work, which has found similar effects when 

communicating societal influences of Type II diabetes, obesity and health inequalities 

generally (Gollust, Lantz & Ubel, 2009; Niederdeppe, Shapiro, Kim, Bartolo & Porticella, 

2014; Skurka, Niederdeppe & Winett, 2020). A potential explanation for the societal 

information producing greater policy support than no information but not greater support 

compared to the individual condition is likely a result of those in the no information 

considering the case study child’s condition genetic – as a number of studies have found that 

genetic explanations for health outcomes are associated with support for legal protection 

policy, but are not associated with preventative environment interventions policy (Chambers 

& Traill, 2011; Oliver & Lee, 2005), presumably due to a poor match between the perceived 

problem and what social and environmental interventions can achieve. The lack of difference 

between those reading the social vs. individual information meanwhile, can likely be 

attributed to the individual article including some of the same dietary and chemical exposure 

factors that policy would address, though perhaps making less clear the way such factors may 

be influenced by socioeconomic conditions. This set of results indicates that for epigenetic 

and DOHaD communications to be successful in increasing policy support, such 

communications should clearly describe societal influences of epigenetic outcomes 

(Richardson, 2014; Winett, Wulf & Wallack, 2016).  
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Lastly, as to health behaviour motivation, no effects of exposure to either individual 

or societal epigenetic ageing information were found on preconception health behaviour 

motivation, relative to each other, or to those who received no such information. This finding 

is consistent with our previous work, which has found that whilst pre-existing measured 

beliefs about adult malleability of epigenetics are associated with health behaviour 

motivation, brief informational interventions do not appear to elicit increased health 

behaviour motivation when they include adult epigenetic accounts of obesity, or adult 

behavioural accounts of epigenetic ageing (Study 1 & 2). The potential reasons for this are 

multiple: first and foremost, it is likely that, perhaps due to social desirability (most people 

without children presumably like to imagine they would be responsible parents), health 

behaviour motivation was fairly close to the ceiling regardless of condition. Two criteria have 

been proposed for assessing the presence of ceiling effects – with Uttl (2005) proposing the 

data may demonstrate a ceiling effect if the mean is within 1.5 standard deviations of the 

maximum rating, and Wang et al. (2008) suggesting that over 20% of participants at the top 

of a scale could indicate a ceiling effect. Our results for health behaviour motivation would 

indicate a ceiling effect according to this first criterion, and arguably for the second – whilst 

only 5.4% and 12% of participants scored the top score, 10 for health behaviour motivation 

without a plan to have children and with a plan respectively, 20.5 and 36% of participants 

scored above 9/10 for health behaviour motivation in these circumstances, and 68.2 and 

79.1% scored above a 7/10. As such, it is either possible that the hypothetical nature of the 

task (imagining their future health behaviour motivation) may have allowed participants to 

optimistically inflate their levels of health behaviour motivation – or that health behaviour 

motivation in this context is already sufficiently high that this is not a limiting factor for 

behaviour change.  
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Notwithstanding the presence of ceiling effects, other factors may account for this 

lack of difference between groups. One is that health behaviour motivation is 

overdetermined, affected by many inputs, and that attributions may constitute only a small 

proportion of these, amongst other factors such as energy, time commitments, financial 

resource and self-efficacy (Försterling, 2001). Secondly, the information provided in the 

active conditions may have been perceived as irrelevant to our participant sample and their 

current priorities. Whilst the average age of UK parents is now 32 (30.7, mothers, 33.6 

fathers; ONS, 2020), making 25-30 a reasonable target subgroup for preconception health 

communication, it is likely that only a small subset of the present sample will have been 

pregnant or considering planning a child at the time of completing the survey. For those who 

were, it is conceivable that only a subset may have been interested in the information 

provided (especially given the lack of explicit actionable recommendations), and that for 

those who weren’t, a future child’s epigenetic ageing may appear too distal and irrelevant a 

goal to promote a further increase in health behaviour motivation.  

The present lack of effect does not rule out that information on childhood epigenetic 

ageing could promote health behaviour motivation in parents or parents to be  - previous 

work, whilst not addressing health behaviour motivation per se, has found that an epigenetic 

learning module increased the perceived importance of parental lifestyle for child health, and 

suggested that learning about epigenetics overall made parents feel they could take action for 

their own and their child’s health (Hollister, Yaremych, Goldring & Persky, 2019). Similarly, 

a correlational study has found that knowledge of DOHaD concepts was positively associated 

with diet quality in pregnancy (McKerracher et al., 2020). Comparing the current findings to 

those of the literature suggests that health behaviour motivation may not be the best outcome 

measure for exploring effects of parental health epigenetic psychoeducation, and equally, 
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preconception health interventions may be better targeted towards audiences closer to the 

time of conception, or those specifically thinking about starting a family.  

5.4.1 Strengths, limitations and future directions 

One limitation of the present work is that the preconception health measure involved 

participants imagining they were planning on having children some day but not yet, or 

imagining they were actively trying for a baby – whilst this was done to be able to rate 

motivation in both situations (including the possibility that the epigenetic information texts 

could increase motivation in the active planning condition, but not the no active planning 

condition), the hypothetical nature of the task may have reduced validity and increased the 

prevalence of socially desirable responses – as it is easier to imagine oneself being motivated 

to do the ‘right thing’, than it is to be so in reality. Future research could overcome this by 

either selectively recruiting participants who are actively thinking of starting a family, or 

perhaps asking a general sample which best describes them of the following: actively 

planning to conceive, hoping for a child or children someday but not yet, or not currently 

thinking about children/would not like children. Pre-screening or stratifying the sample in 

this way may be able to reveal specific influences of epigenetic information – for example, it 

is possible that because of increased personal relevance, individuals actively planning to 

conceive (or even currently pregnant, though this would not fall within the category of 

preconception health) may be more influenced by epigenetic health information than those 

who are not, and may demonstrate stronger differences between the information conditions 

on health behaviour motivation, as well as parental assessments and policy support. 

Furthermore, the ceiling effects observed for health behaviour motivation may limit its ability 

as a measure to sensitively detect framing effects. Future research could consider alternatives 

such as self-reported health behaviours assessed longitudinally as part of more time-intensive 

interventions.  
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A second limitation relates to the difficulty of communicating societal influences of 

child health without also cueing parental lifestyle factors, and the difficulty of 

communicating findings of the early life epigenetic literature without referencing mothers to 

a greater extent than fathers. Whilst attempts were made to keep conditions neutral where 

possible (using gender-neutral terms such as individuals and people where applicable), it has 

been noted as potentially problematic of the present epigenetic and developmental origins 

literature (reflecting what is more easily observable in research, or reflecting assumptions on 

the most likely influences of child development) that much of it focuses on mothers and their 

behaviours, particularly during pregnancy (Sharp, Lawlor & Richardson, 2018). As such, in 

communicating this literature our epigenetic information text contained one mother-specific 

example, which may have influenced perceptions of mother control and blame – however, it 

is likely that even without this, control and blame may have been higher towards mothers 

than fathers for participants exposed to these articles, as Hollister et al.’s (2019) work found 

that participants prior to undertaking an epigenetic education intervention rated a mother’s 

lifestyle as more important for a child’s health than a father’s lifestyle. It would be interesting 

in future experimental work to remove this mother-specific example, or as in Hollister’s 

intervention, to explicitly stress in the texts that both mothers’ and fathers’ lifestyles may 

influence children’s epigenetic ageing and development, and to observe whether this removes 

the gender difference, or whether mothers are still apportioned greater control and blame than 

fathers in these circumstances.  

5.4.2 Conclusions 

In seeking to understand whether parent blame, preconception policy support and 

preconception health behaviour motivation are influenced by information on children’s 

epigenetic ageing, and whether these effects are dependent on how the cause of childhood 

epigenetic ageing is framed, the present experiment reveals the following practical 
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implications. Firstly, regardless of individual behaviour or societal influence framing, 

communicating information on the role of parental lifestyle on children’s epigenetic ageing is 

likely to promote negative judgements of parents with children with high epigenetic ages – as 

following this information parents were seen as more in control of and to blame for their 

child’s fast epigenetic ageing, and less competent, warm and moral than when participants 

were not exposed to this information. Furthermore, these effects may be gendered, as the 

present study found that greater control and blame was attributed to mothers than fathers 

when participants received individual or societal epigenetic information, than when 

participants received no information. As such, advocates designing preconception public 

health communication messages should be wary of the assumption that a societal framing 

will decrease perceptions of parent blame, and negative parental assessments. Secondly, 

information about societal influences of children’s epigenetic ageing can promote support for 

policy designed to reduce health inequalities compared to no such information, however no 

differences were found between those exposed to the individual vs. societal framing – it is 

possible that future health communicators should focus messaging on parental influences of 

child epigenetic ageing that are perceived as less individually controllable, such as exposure 

to psychosocial stress, including financial insecurity, instead of diet and smoking. Lastly, no 

condition was successful in increasing pre-conception health behaviour motivation – as 

ceiling effects were observed on this latter measure, future research could measure self-

reported health behaviours instead of motivation, and should consider specifically sampling 

individuals actively planning for conceiving a family. In conclusion, information on 

influences of child epigenetic ageing, when framed in terms of societal factors, may promote 

health-related policy support to reduce societal inequalities. However, these communications, 

regardless of framing, run the risk of increasing parental blame and stigma, particularly 

towards mothers. Attempts to communicate information regarding parental influences of 
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children’s epigenetic development should therefore proceed with caution, and further 

research will be required to inform sensitive and useful educational texts that can inform pre-

conception health choices without also encouraging blame or stigma towards parents. 
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Chapter 6 - Study 5: Motivations, sense-making and 

behaviour change of epigenetic testing consumers: a qualitative 

study 

6.1 Introduction 

Non-communicable diseases (NCDs) account for 71% of all deaths globally, 

including 15 million premature (ages 30-69) deaths a year (WHO, 2021). A large proportion 

of these, including many cardiovascular diseases, cancers, respiratory diseases and Type II 

diabetes are linked to lifestyle factors such as diet and exercise. One pathway towards 

prevention of NCDs involves the calculation of personal health and disease risks, with the 

idea that the adequate communication of such risk estimates will provide motivation for 

individuals to attempt behavioural change (Bloss, Madlensky, Schork & Topol, 2011; 

Collins, Green, Guttmacher & Guyer, 2003). Many options currently exist for assessing 

health and health risk: from personal genomic testing, to phenotypic (lifestyle-related) risk 

indicators such as probability of a heart attack in the next ten years, heart age, health age, 

alongside health and fitness offerings such as step count (French et al., 2017; Ilhan & Henkel, 

2018). Recently, personal epigenetic testing has become available as a new direct-to-

consumer (DTC) product on the health testing market. Despite considerable media interest 

(Campbell, 2019; Lawton, 2019; Marill, 2019; Matloff, 2020), little is currently known about 

(the psychology of) individuals who seek out such testing or how they make sense of it. To 

our knowledge, the present work is the first to interview a sample of DTC epigenetic 

consumers, to understand what motivates them to undertake this testing, how they make 

sense of their results, and how (if at all) lifestyle change follows.  

Personalised genomic testing for individual use has been commercially available 

online since 2001 (Hogarth & Saukko, 2017), from which time offerings of genetic ancestry, 
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health and disease risk, and lifestyle testing have proliferated. Proponents of health-related 

genetic testing have argued that personalised genetic results may provide motivation for 

individuals to make healthy lifestyle changes in order to reduce their risk of chronic disease 

(Bloss, Madlensky, Schork & Topol, 2011; Collins, Green, Guttmacher & Guyer, 2003). In 

contrast, critics have raised concerns about the validity of such tests and companies’ data 

practices, alongside fears that consumers will become worried by fatalistic interpretations, 

leading to rising demands on healthcare practitioners to further explain results (Hogarth, 

Javitt & Melzer, 2008; Laestadius, Rich & Auer, 2017; Niemiec, Kalokairinou & Howard, 

2017; Goldsmith, Jackson, O’Connor & Skirton, 2012). Whilst the present work does not 

speak to the former ethical issues of data practices (see Niemiec, Kalokairinou & Howard, 

2017 for discussion), current research suggests these latter fears are not currently supported 

by the evidence. A recent systematic review of consumer experiences of genetic testing 

suggests anxiety, distress and worry is low or absent following testing, with any effects that 

are observed fading with time (Stewart, Wesselius, Schreurs, Schols & Zeegers, 2018). 

Similarly, a longitudinal study found no difference in healthcare practitioner visits at a 

twelve-month follow-up between people who undertook genetic testing compared with those 

who didn’t, providing evidence against that genetic testing would greatly increase uptake of 

medical services (Reid et al. 2012).  

However, if the fears of personal genomic testing are not fully supported, then neither 

necessarily are its hopes. Recent systematic reviews of genetic testing RCTs conclude there is 

little evidence to suggest genetic testing feedback results in increased motivation or lifestyle 

change compared to no-test control groups. Specifically, the most recent Cochrane review 

(Hollands et al. 2016) found that DNA risk feedback provided little to no effect on behaviour 

change or motivation outcomes in comparison to no-test conditions, that few RCTS had been 

conducted and that the existing low-quality evidence was at high or unclear risk of bias. It 
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was concluded that clear justification would be needed for further investigation of the effect 

of genetic testing on health behaviour change. Critical responses to this review have argued 

that Holland et al.’s initial conclusion of no effect may have been an underestimate, with 

further systematic reviews suggesting that carriers of at-risk alleles may be more likely to 

make behaviour changes than non-carriers (Frieser, Wilson & Vrieze, 2018), and that not 

everyone (especially in DTC studies, rather than clinical trials) who receives their results will 

need to make behaviour change, limiting the capacity to observe effects (Stewart, Wesselius, 

Schreurs, Schols & Zeegers, 2018). However, even considering these critiques, a key issue 

with personal genetic testing remains that there is little current evidence of its effectiveness in 

promoting behaviour change.  

A possible explanation for these potentially limited effects can perhaps be found in 

the perceived uncontrollability of genes. Research suggests that the way genes are understood 

in the public consciousness is similar to how they are taught in schools and portrayed in the 

media – as heritable factors that are internal, stable and uncontrollable (Condit et al. 2009). 

Attribution theory, which examines how the perceived causes of events influence motivation 

and action, predicts that when an outcome is perceived as stable and uncontrollable, 

individual efforts towards it will diminish (Weiner, 2010). The reason perhaps, why the 

evidence suggests that genetic testing has a null rather than negative effect on healthy 

behaviours is that the public tends to hold multifactorial (genetic and behavioural) causal 

understandings of health (Waters, Muff & Hamilton, 2014), and that genetic and behavioural 

understandings of health may generally be active in cognition independently, rather than 

interactively (Condit et al. 2009). Therefore, the main controllability issue with genetic 

testing may not be that it encourages wholly immutable, fatalistic understandings of health, 

but more that learning about stable genetic factors does little to promote the idea that the 

individual can control their health outcomes, or that their behavioural attempts to do so will 
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be successful. Supporting this notion, qualitative interviews have suggested that genetic 

testing consumers have difficulties in understanding their genetic disease risks (Gerdes et al. 

2021) and struggle to integrate this genetic information into existing understandings in a way 

that allows them to feel confident their behavioural efforts will make a difference (Savard et 

al., 2019; Shefer, Silarova, Usher-Smith & Griffin, 2016). Potentially exacerbating this 

controllability problem is that genetic testing itself offers little way to show individuals their 

efforts have made a difference – in that regardless of whether lifestyle change is pursued 

post-testing, genetic disease-risk feedback will remain the same if a retest were to be taken. 

A potential solution to this problem of controllability lies in lifestyle-based health risk 

indicators – assessments of health risk related to an individual’s lifestyle, as opposed to their 

genes. Such indicators are commonly used in medicine, and include traditional risk 

communication formats (i.e., percentage risk of having a heart attack in the next ten years), as 

well as newer risk ‘age’ scores which use lifestyle factor algorithms to provide the individual 

with an ‘age’ for a particular organ or for overall health (e.g. Van Der Pol-Harney, Turner, 

McCaffery & Bonner, 2021). In using lifestyle factors as relevant inputs, such risk estimates 

may overcome the problem of a lack of clear controllability, as there is a clear relationship 

between health behaviours and risk. However, lifestyle-based approaches nevertheless come 

with their own issues. RCTs and qualitative research have suggested that traditional 

percentage risk scores can be hard to understand and remember, limiting their usefulness in 

motivating behaviour change (Bonner et al. 2014, Damman, Bogaerts, van den Haak & 

Timmermans, 2017; Van Der Pol-Harney, Turner, McCaffery & Bonner, 2021). Alternative 

‘age’ scores (e.g., heart or lung age) have been devised to overcome this issue, with the logic 

age is more easily understandable to the general population than percentage risk, and there is 

some evidence to support that some of these metrics are more easily understandable and can 

promote lifestyle change, especially when accompanied by biomedical testing or the presence 
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of a medical professional (Kulendrarajah, Grey & Nunan, 2020). However, pitfalls of heart 

and lung age approaches may lie in that they are only clearly of perceivable relevance to a 

subset of the population who have reason to be concerned about these specific organs and 

their related risks, with some trials and interviews indicating many participants weren’t 

particularly concerned about the particular risks estimated by these indicators (Damman, 

Bogaerts, van den Haak & Timmermans, 2017, Nolan et al. 2015). 

Overcoming this issue of perceived personal relevance, more general or inclusive 

lifestyle-based risk indicators have been developed (e.g. health age or fitness age), with the 

idea that more general measures of health will be relevant to a greater proportion of the 

population (Charlson et al. 20008; Dollman, Gauthier, Gaden, & Steinert, 2019; Godin, 

Jobin, Desharnais, & Cook, 1987; Liukkonen, Nygård, & Laukkanen, 2017;  Paek et al. 2014; 

Van Der Pol-Harney, Turner, McCaffery & Bonner, 2021). These indicators also have 

accessibility advantages, in that such indicators are generally free, requiring no biological 

samples, and widely available online. However, a key issue with all lifestyle-based risk 

indicators (and especially general health and fitness age varieties) is credibility. Qualitative 

interviews with test-users of these approaches have frequently reported that whilst those who 

receive low risk scores are happy with their results and view the test as credible (though see 

little need for behaviour change), those who obtain higher risk scores on these estimates tend 

to dismiss the risk indicator as inaccurate or invalid, citing its self-report, generic nature as 

evidence of its irrelevance (Bonner et al. 2014; Damman, Bogaerts, van Dongen & 

Timmermans, 2016; Nolan et al. 2015). It is perhaps for these, and related reasons, that 

reviews of RCTs with lifestyle-based risk indicators find no overall effects for behaviour 

change, with especially weak evidence for these more general indicators (French, Cameron, 

Benton, Deaton & Harvie, 2017; Kulendrajah, Grey & Nunan, 2020). 
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Thus, a credibility-controllability trade-off appears to characterise current options for 

health risk testing. Whilst genetic feedback is perceived by individuals as credible 

(Middlemass, Yazdani, Kai, Standen & Qureshi, 2014), it typically lacks overtly actionable 

behavioural suggestions, and is limited by lacking a way for individuals to measure their 

progress. Whilst lifestyle-based indicators offer direct behavioural advice, and an obvious 

way to measure success, this may come at a cost of poor perceived credibility, especially for 

high-risk individuals/where individuals do not like their scores (Bonner et al. 2014; Damman, 

Bogaerts, van Dongen & Timmermans, 2016; Nolan et al. 2015). Heart and lung age may be 

more believable where such testing involves a biological component (such as spirometry 

testing), but their specificity can limit their perceived relevance (Damman, Bogaerts, van den 

Haak & Timmermans, 2017, Nolan et al. 2015).  

The new offering on the personal health testing market of epigenetic testing, may go 

some way towards resolving this trade off. Epigenetic testing involves observing DNA 

methylation (a form of epigenetic mark) across an individual’s epigenome, to predict the 

biological age (or ‘epigenetic age’) of the source DNA (Horvath & Raj, 2018). This measure, 

the epigenetic clock, has been reported to be one of the most reliable indicators of biological 

ageing, with the ability to predict development of cancer, heart problems, longevity and all-

cause mortality (Jylhävä, Pedersen & Hägg, 2017; Perna et al., 2016; Horvath et al., 2015). 

Crucially, epigenetic mechanisms, as measured by the epigenetic clock, can respond to an 

individual’s environment and lifestyle, and whilst many of these responses are determined in 

early life, the adult epigenome has also been found to be responsive to lifestyle change – for 

example, in response to dietary change or stopping smoking (Dugué et al., 2020; Huang et al., 

2015). Therefore, in offering a risk estimate and biological metric that may at once be 

considered credible (by virtue of its biomedical origins) and controllable (by the notion of 

responsiveness to environment and lifestyle), epigenetic testing may overcome the 
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credibility-controllability trade-off that hampers the power of previously available risk 

estimates to promote behaviour change.  

Personal epigenetic testing has recently become available direct to consumers, with 

two companies in the UK currently offering this service. However, no study has yet 

investigated the psychology or behaviour of consumers of epigenetic testing, and so little is 

known about this population – including what motivates them to seek out this testing, how 

they make sense of their results, or whether lifestyle change tends to follow. Answers to 

questions such as these are important for their ability to help evaluate whether epigenetic 

testing has the potential to be found both credible and motivational, and, as such, whether 

such testing could be used in the future for broader, population-level disease prevention 

strategies.  

In response to these needs, the present work provides an inductive thematic analysis 

of semi-structured interviews conducted with epigenetic testing consumers, with the aims of 

answering the following research questions: 

RQ1: What motivates individuals to undergo epigenetic testing? 

RQ2: How do consumers make sense of their results? 

RQ3: How does lifestyle change occur post-testing, if at all?  

6.2 Method 

6.2.1 Participants 

Companies offering direct-to-consumer (DTC) epigenetic age testing were identified 

in a worldwide online search. Of the eleven identified, the two UK-based companies were 

selected for potential contact. Of these two, Muhdo was chosen for initial contact due to the 

marketing of their epigenetic tests being oriented towards consumers themselves, thus 

presenting a more direct access to a consumer base in comparison to their competitor, 

Chronomics, whose marketing was more oriented towards health professionals for use with 
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their clients. Once a collaboration had been agreed with the company, an email was sent from 

Muhdo to epigenetic test users offering a chance to take part in the interviews. Interested 

individuals completed a pre-screen questionnaire online, which provided information about 

the study and collected participant information including age, gender, employment status, 

occupation, approximate date of test results, and main reason for undertaking genomic 

testing. This demographic and motivation information was collected to select for participant 

diversity (however limitations in the user population size and expressions of interest meant 

that all who expressed interest were ultimately invited to interview). Prospective participants 

were invited to input their name and email address into the pre-screen if they were interested 

in taking part. The researcher then contacted those interested, sending across a full 

information sheet and consent form, and arranged interviews with those who signed and 

returned their consent forms.  

The final sample consisted of 16 participants (6 females), aged 26-71 (M=47.6, 

SD=10.8), who had had their tests between March 2019 and March 2020, four of whom had 

had more than one round of testing with Muhdo.   

6.2.2 Data collection. 

Data was collected between November 2020 and February 2021, and all interviews 

were conducted by the first author ‘face-to-face’ in real time via the online platform of 

Microsoft Teams. Each participant was sent a meeting link, and confirmed their attendance 

by email. Interviews lasted between 20 and 90 minutes, and on average an hour, and 

discussion was guided by a semi-structured interview guide (see Appendix G), which 

structured the interview into three sections: motivations, sense-making and lifestyle change. 

Interviews began with confirming the participant had provided written informed consent, 

explaining the aims and practicalities of the study once more, before taking verbal consent to 

begin the recording and the interview questions. In the motivation section, participants were 



 187 

invited to consider what had interested them in epigenetic testing, and what they had been 

hoping to get out of the process. In the sense-making section, participants were asked about 

their initial reactions to their results profile, and what their results meant to them. In the 

lifestyle change section, participants were asked whether any changes had occurred since 

being tested – in the way they thought about their health, their lifestyle, or any other change. 

Interviews finished by asking participants what they would say to anyone else who was 

considering epigenetic testing. At the end of the interview session, participants confirmed 

they were happy for their audio recordings to be transcribed and their data used in the project. 

For every participant, £10 was donated to NHS Charities Together from the lead researcher’s 

doctoral research grant, giving a total of £160. All sessions were audio recorded and 

subsequently transcribed using a simplified Jeffersonian notation system (Atkinson & 

Heritage, 1984) (See Appendix H).  

6.2.3 Analytic approach 

Data were analysed using thematic analysis, following the process outlined by Braun 

& Clarke (2006). Thematic analysis was chosen for its utility in exploring patterns of 

meaning throughout the data corpus, as pertained to the research questions (Braun & Clark, 

2021a). Conceptually, within this a reflexive, experiential-oriented thematic analysis was 

chosen to explore participants’ subjective experiences, whilst taking into account the 

researcher’s own active role in coding and theme generation (Braun & Clarke, 2021b; 

Gleeson, 2011). Epistemologically, the present work takes a critical realist stance, which 

posits that there is a reality to be observed, but that it cannot be observed directly because it is 

processed subjectively through our senses, language and cultures (Wiltshire & Ronkainen, 

2021, Wong, Greenhalgh, Westhorp, Buckingham & Pawson, 2013). Thus, the present 

thematic analysis was understood as epigenetic consumers’ communications of their 

perceptions of reality, as processed through the research team’s sense-making. The approach 
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was latent and inductive, so that whilst acknowledging the researcher’s own interest in 

attribution theory, themes were largely data driven, and drawn from the dataset broadly 

guided by the research questions.  

6.3 Analysis 

The below analysis is subdivided according to the three research questions. In answer 

to research question 1, why people undertake epigenetic testing (6.3.1), two themes were 

identified: avoiding the worst of ageing and mortality (6.3.1.1), and approaching fitness 

potential (6.3.1.2). In response to research question 2, how epigenetic consumers make sense 

of their results (6.3.2), the two themes identified were establishing trust/accounting for 

discrepancies (6.3.2.1) and numbers to judge the self by (including subthemes of knowability, 

controllability and responsibility (6.3.2.2). Lastly, in response to research question 3, how 

behaviour change occurs following testing, if at all (6.3.3), the two identified themes were 

personalisation of health choices (6.3.3.1) and beating (or keeping) one’s score on the next 

test (6.3.3.2).  

6.3.1 RQ1: Why do people undertake epigenetic testing?  

6.3.1.1 Avoiding the worst of ageing and mortality 

A first reason for undertaking epigenetic testing was to avoid the perils of ageing and 

mortality, thereby removing health uncertainty from the ageing process. Participants 

subscribing to this motivation positioned themselves at a mid-point looking back on past 

health in youth as stable and effortless, whilst looking towards future health in later life as 

increasingly unstable and unpredictable. Within these perspectives, internal health was 

located as the ultimate source of all health outcomes. This internal locus was problematised 

as participants were unable to physically see inside themselves – however a solution to this 

problem was understood in epigenetic testing, in the hopes this would allow them to 

understand their inner health and make changes before it was too late.   
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In answer to what had led them to testing, participants frequently spoke about their 

age – and in doing so presented themselves as reaching a point of new awareness of the 

instability of health, whether this was through new physical pain or ailments, or limitations in 

the body’s ability to perform in the way it used to. These new ‘out of nowhere’ intrusions 

give a sense of participants’ emerging awareness that their present health is becoming less 

stable and less within personal control than it used to be, as can be seen from P12 below. 

P12: I was just hoping to get a (.) a baseline now that I carry on (.) tweaking 

things with um I just you know (.) well Beckham said as you getting older you certainly 

do think a lot more about aging you’re like “oh my shit” it just seems to go by quite 

quickly (.) forty was great↑ I have done all my triathlons and ironman and all kinds of 

things there (.) and you get to point and then you just start to sort of like (.) it’s a little bit 

hard it’s a little bit like uh ah (.) I have had a series of like six years of a lot of like 

injuries (.) viruses that are just (.) out of nowhere and whatever else um (.) so I was quite 

concerned that all those knocked my health quite (.) quite big  

 

This sense of declining stability and control was juxtaposed with the felt invincibility 

of youth. As evidenced by P3 below, youth is felt as a state in which health is perfect or 

sufficiently robust that the body can survive anything -‘you’re fit and you can recover’ – 

therefore no real attention to health practices is needed. The present age, meanwhile, is 

experienced as a time where increased management of and caring for the body becomes 

mandatory, whereas health in future, through reference to older friends and family, is 

represented as unstable, unpredictable, and dangerous. A sense of fragility is built up in these 

latter accounts (for example, P2 and P6 below), by conveying health in later life as a state 

that can ‘suddenly’ change from ‘one minute’ to the next, and by presenting friends and 

family characterised by their strength and capability one day but fall prey to poor health and 

suffering the next, with the implication these were not predictable deaths.  

P3: I think I think when you’re young you just you take for granted that you’re fit 

and you can recover a:nd you know then you get to my age you know for a night out 

you’ve got to plan it in advance you know you’ve got to have a run up and you’ve gotta 

make sure that you’ve got some time afterwards 
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P6: so many times especially when you get to to my age you suddenly get friends 

I mean I'm fifty:: >coming up fifty two in May< you you suddenly get friends (.) that just 

die  

 

P2: you know one minute he’s here the next minute he’s and um just I think for 

me it was (.) like with my mum (.) when she had the giant cell arteritis in the March in the 

>and my mum was never an ill person  (h) she hadn’t actually been to the doctors for 

twenty-nine years  

 

 Thus, health through the life-course was understood on a spectrum of stability, with 

health in older age characterised as unpredictable, unstable and ultimately unknowable – and 

the source of this instability was located internally by participants.  

P7: just because somebody externally looks great doesn’t mean internally they 

they're okay because it’s no different from disease is it (.) you could look perfectly fine 

one minute and the next minute you’ve got a disease 

 

P9: the problem is what is happening on the inside (.) none of us can see what’s 

happening on the inside (.) you know (.) we are not in the position to have an MRI every 

month to (.) to check on things (.) 

 

 Thus, participants distinguish the irrelevant external to the all-powerful internal – 

positioning our insides as the source of all health outcomes, as well as the source of all 

uncertainty, given we can’t see their inner workings, until they potentially ‘catch up’ with us. 

This sets out a fundamental problem of how to avoid the perils of ageing and mortality when 

they are internal, unstable and unknowable – a problem to which participants understand 

epigenetic and DNA testing as a solution.  

P8: got a bit older (hhh) uh as far as of losing weight and keeping my weight 

maintained and (.) you can tell that by going on the scales but you changed your diet and 

your (.) in sort of inside health you don’t know how well that’s (.) doing so getting a 

genetics test takes you one tells you  
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6.3.1.2 Approaching fitness potential 

A second key motivation for epigenetic testing was that of approaching one’s health 

and fitness potential; participants identified themselves as athletes or otherwise interested in 

health and fitness, and therefore as being interested in whatever small improvements were 

possible, but of being in a state of uncertainty as to which recommendations would lead them 

towards this goal. Personalisation of lifestyle recommendations was conceived of as an 

answer to this problem – that with the right advanced biological feedback, peak fitness would 

be possible – and DNA and epigenetic testing was anticipated to provide this next level of 

personalised recommendation.  

Early on in the interviews, participants frequently identified themselves as interested 

in health and fitness, including participants self-identifying as athletes. In this context, 

participants used the fitness language of marginal gains, to communicate the process of 

approaching their fitness potential as being achieved via (sometimes very) small adjustments, 

in an ongoing process of self-improvement. However, whilst fitness optimisation was desired, 

in a similar manner to the unknowability of health in older age, many participants 

nevertheless described the process of achieving optimum fitness as elusive and unknowable.  

P12: I have done a lot  I’ve done everything I mean it’s (.) I’ve done all those 

diets um (.) you know you can go for you know you can do one meal a day(.)  OMAD (.) 

and you can do sort of high fat meals well I have done all of that I have done seven day 

fasts whatever (.) all things to get to that um but I think you would want to prove yourself 

what (.) isn’t working this is the only test that you can really see so far that is going to 

give you 

 

Here, P12 locates the problem of optimising his health and fitness as having no 

reliable means of proving to himself whether any of his many experiments have worked. He 

and others described the issues of trying many diets and regimes with various felt benefits or 

side effects in a way that left it difficult to evaluate which was overall best for health and 

fitness. This trial-and-error approach was experienced by participants as far from ideal, due to 
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time wasted in approaches that didn’t work, and the lack of certainty over which approaches 

did. The answer to this problem of an unclear path towards optimum fitness was experienced 

as personalisation of health advice: 

P3: I think it was about (.) the personalisation and knowing about me and what (.) 

I can do to to be quite frank to be lazy and say if I’m going to need to do something let 

me do something that’s right for me (.) not that someone’s recommended that might be of 

of use to them so it was really that opportunity to be able to understand sort of how to 

bespoke stuff that I need to do to keep fit  

 

P1: just take the trial and error away from it like (.) which style of training is best 

for me and which food groups is best for me (.) 

 

In answering the question of why they undertook epigenetic testing, participants were 

looking for ways to reduce uncertainty in the path towards optimal fitness, by seeking 

scientific feedback as to which lifestyle adjustments would help them to self-optimise in this 

direction. In this context it was the personalisation of epigenetic report feedback that was 

understood as helping them achieve this goal.  

 

P : I if you're not interested don’t bother doing a DNA test carry on doing the 

things they say generally (.) because they are right you know generally if you follow 

those three or four things you are going to live a healthier lifestyle than if you don’t you 

know (.) but if you really want to understand what’s making you tick (.) and where you 

can um (.) sort of achieve your marginal gains so if you're already doing those things (.) 

where can you achieve your marginal gains and I think if you're into health and fitness 

you do understand marginal gains (.) um and (.) uh uh and that’s what’s going to drive 

you to go and get a DNA epigenetics test  

 

It is important to note these first two themes were not entirely mutually exclusive. 

While some participants talked about one to the exclusion of the other, others would talk 

about both as reasons for epigenetic testing. A third potential theme was identified as 

curiosity. Curiosity has been identified as a key motivation for personal genetic testing in 

survey research (Gerdes et al., 2021; Gollust et al., 2012), and in a study of GP interviews 

about patient motivations for such testing (where patients sought their general practitioner’s 
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input to make sense of their results (Kalokairinou, Borry & Howard, 2019). However, in the 

present work it perhaps remains a potential rather than fully realised theme because it is not 

perhaps a very full and complete answer in itself. Because the natural follow up to ‘curiosity’ 

is: ‘about what?’ And where such elaboration was given in the interviews, the reasons of 

avoiding future illness and reaching peak physical potential tended to follow.  

Curiosity as a reason in these examples may be a result of order effects. The question 

of ‘what made you interested in epigenetic testing’ is the first question asked (potentially also 

true of the patient-GP interviews), thereby making ‘curiosity’ perhaps a safe initial answer 

(protecting the individual’s more concrete motivations from being judged – because general 

curiosity can’t as easily be judged as more specific concerns or motivations (Finlay, 2015)). 

Supporting this idea is the fact that early answers of ‘just curious’ are later expanded upon in 

these interviews to cover themes of avoiding ageing and mortality and pursuing peak fitness, 

at which point the interviewee has had more time to build rapport with the interviewer.  

If, however, curiosity in and of itself were to be a complete motivation, one of two 

explanations are likely. Either the participant has purchased an epigenetic testing kit on a 

whim, and has genuinely not thought further about what it was they were curious about – 

which is feasible, if less likely considering by the time of the interviews it had been at least 

several months after receiving their results. Alternatively, curiosity – perhaps linked with 

scientific interest – is a genuine motivation for testing whereby individuals are interested to 

understand the scientific mechanics of their own bodies, without this interest being for the 

explicit purposes of preventing disease and slowing mortality, or reaching a personal fitness 

best. If the latter, this possibility would be well worth exploring in further work – however as 

there was little evidence for it here, curiosity remains a potential theme, and the motivations 

for epigenetic testing observed here remain to avoid future illness and mortality, and to 

approach optimum physical fitness.    
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6.3.2 RQ2: How do consumers make sense of their feedback? 

6.3.2.1 First interpretations: Establishing trust and accounting for discrepancies 

Before deciding whether to act on any results or recommendations, a key first choice 

consumers of epigenetic and genetic testing may face is whether to trust their feedback, and 

the brand of science the company offers. Complicating this choice is that most consumers of 

genetic testing (including the whole present sample by self-report) have no specific training 

in interpreting genetic or epigenetic data (Nelson, Bowen & Fullerton, 2019). Although some 

participants briefly expressed scepticism of their results (e.g. wondering aloud whether the 

algorithm makes everyone get a ‘good score’), in the absence of any formal training, every 

participant within the sample ultimately experienced their feedback as trustworthy, with the 

decision to trust being made on the basis of feeling and intuition, alongside a sense of ‘trust in 

science’. Having established this faith in their feedback, participants then accounted for any 

discrepancies between their chronological age and their epigenetic scores, by making causal 

attributions that protected the self from worry and left their scores open to change.   

A key means by which participant established trust in their reports was by a felt sense 

of intuition of whether their report seemed to be describing them personally (see P12, below). 

The more participants were able to ‘see themselves’ in the data – i.e., the more personal 

details the report picked up, the more trust participants felt, for example P2’s description of 

feeling trust in the report through it picking up on her familial risk for gingivitis and Type II 

diabetes: 

P2: so there were so many things there um that I knew anyway but it just sort of 

cemented that so they can't know this about me I’m just a number so they have no idea 

and the:n obviously they were. 

 

P12: I guess the question I was asking was does it feel like me and yes it felt like 

me 
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A second means by which participants decided to trust their results was through a 

broader trust in science – a trust that appeared to be established through comparison. Firstly, 

participants equated epigenetic testing with science, thereby experiencing the former as 

possessing all the positive connotations of science – objectivity, factualness, and credibility. 

Secondly, having established its scientific status, participants compared epigenetic testing 

favourably to other less trustworthy sources. For example, in comparing epigenetic testing to 

‘celebrity fads’ – i.e., a source of health knowledge represented as more interested in selling 

than in the truth, participant 3 shores up the credibility of the former, reiterating its scientific 

credentials of being ‘factual’ and ‘backed up’. Notably absent in these accounts of epigenetic 

testing as science was the sense that DTC epigenetic testing itself is ultimately a business – 

instead, associations with scientific endeavour seem to mean that epigenetic testing, in 

comparison to other sources of health information that are felt to be more self-interested, is 

perceived as trustworthy.  

P3: I think because the (hhh) (.)  the fitness world is full of (.) people sort of 

celebrities who come up with a diet (.) the argument is so what sort of what sort of um 

what sort of credibility are you bringing where sort of the the epigenetics piece is is 

science based you know its not its not its not pushing sort of a book or a plan (.) its just 

saying this is the science we we you know there is this is for you then to work out what 

you need to do by way of then the improvement so I think that for me is is the bit and 

science you know for me I’m quite I quite like the idea of science because it its factual 

and it can be backed up you know (.) rather than sort of fads and you know (.) what else 

what else comes in in the fitness world 

 

 Once this initial trust had been established – and it should be noted that all 

participants in this sample ultimately believed in the validity of their results – participants 

were left with the task of accounting for their scores. Whilst this accounting came easily for 

those with very similar scores to their chronological ages (i.e. a biological age of 45 for a 45-

year-old) this was more of a challenge where scores were markedly younger or older than 

participants’ chronological age. Within attribution theory (Weiner, 2010), when presented 

with an unexpected outcome, we are likely to search for a cause, and have the choice to 

attribute the result to something inside (internal) or outside (external) of ourselves (e.g., 
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disease vs. healthcare provision), something controllable or uncontrollable by us (e.g., effort 

vs. luck), and something stable or unstable (e.g., genetic inheritance, or the weather). Overall, 

positive or younger scores were explained in terms of a healthy lifestyle (and in some cases, 

good genes), whilst negative or older scores were explained in terms of stress (or in one case, 

having trained too hard) – a pattern that can be seen in participant 9 accounting for his young 

biological age but high inflammation score. 

 

 P9: yeah well I think the (.) uh it’s going back to the knowing my biological age 

was younger and thinking to myself okay well you know (.) why is it younger well I do 

have a better diet than I did nine years ago I don’t eat Crunchy Nut Cornflakes for 

breakfast (h) I’m now an avocado and eggs man 

  

Interviewer: so with the inflammation how did you kind of feel when you saw that 

 P9: I it wasn’t a surprise umm (.) I’ve got quite a stressful job that’s the way it is 

um (.) 

 

What these attributions seem to be doing for the participants, in contrast to others that 

could have been selected, such as chance for positive outcomes, or bad genes or bad lifestyle 

choices for negative outcomes, is protecting the self in some way from worry. When 

participants received younger age results, attributing these to good genes sets up the 

expectation of stable positive results that will continue into the future, without effort. 

Attributing these results to a healthy lifestyle on the other hand, implies these outcomes are 

controlled by the participants’ own efforts, and suggests that so long as they keep making 

‘good choices’, these positive results will also continue into the future. This self-protective 

element becomes more obvious when accounting for negative, older results. Specifically, 

attributing worse scores to stress either externalises the problem (it is the job that is stressful) 

or locates it in participants’ own personal tendency to work or train too hard (thus portraying 

the self as hard-working, a positive trait implying competence (Mollaret & Miraucourt, 

2016))– in both cases protecting the self from blame. However, regardless of the extent to 

which stress itself was identified as an external, personally uncontrollable issue, the solution 
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was always understood as within personal control, as something they could monitor and 

therefore change at any time: 

 

P16:but basically it was kind of suggesting that (.) um:: my genetic makeup kind 

of more risk of (.) of suffering effect of stress so I will keep an eye on that sort of 

Interviewer: okay 

P16: just try= try not to get stressed  

Interviewer: yes 

P16: try to relax a bit more (h) 

 

Therefore, participants in accounting for their younger or older results ultimately 

protect themselves from worry. This self-protection is achieved by explaining the causes of 

good results as within personal control (or as uncontrollable, but reassuringly stable) and 

accounting for negative results in a way that doesn’t blame the self (laying blame either 

externally, or at positive behaviours or traits on behalf of the participant), yet leaves the door 

open for them to change those results for the better at any time.  

6.3.2.2 Numbers to judge the self by: data makes future health knowable, 

controllable, and an individual duty 

The goals with which participants approached epigenetic testing were to avoid disease 

and mortality, and to approach peak fitness, and the key issue with pursuing these goals was 

that inner health was, as yet, unknowable. The overall epigenetic and DNA testing report 

within this sample, in offering quantification of inner health and recommendations to 

improve it, was experienced as resolving this problem, by rendering individual (future) health 

and fitness knowable, controllable, and a personal duty.   

Making future health knowable 

Epigenetic testing was firstly perceived as making health knowable by resolving the 

problem of not being able to see inside the self. In participant 8’s account below, in 

comparing her report to an x-ray, and through participant 13’s account of understanding 
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herself on a ‘cellular’ level, the same inner biological locus of future health and fitness that 

was earlier problematised as unknown is now revealed, and understood as a means to 

understand the self on a deeper level. 

P8: it’s kind of you know it’s like having an x-ray you don’t see inside yourself (.) 

it just tells you what’s happening inside so it’s (3.0) kind of almost magic (h) 

 

P13: this sort of idea of like (.) perhaps once you do this it will um (2.0) open up 

you know an insight into your (.) into yourself on a kind of (.) biological cellular level or 

something 

 

The means by which this newly visible inner self was made understandable was 

through quantification of results in general, and the biological age score in particular. The 

biological age score was understood by participants as the key metric making sense of this 

inner health, as can be seen in participant 12’s description below of it as the ‘one number to 

rule them all in my body’ – the one test that will provide an understanding of overall internal 

health. Crucially, in making this point, it is hard to imagine anyone saying the same of other 

commonly known health metrics, such as BMI, cholesterol, blood pressure or step-count. 

Participant 9 follows up on this latter point, by emphasising that this kind of quantification of 

health, this number that makes sense of your health, isn’t available anywhere else, not even 

on established health and fitness trackers (i.e. a Garmin watch). Thus, epigenetic testing 

seems to offer a kind of quantified health participants perceive as not to be found through 

other means. 

P9: that comes back to reason I did it in the first place that is (.) finding the 

scientific (.) number that I can’t get anywhere else it’s not on my Garmin watch (.) that 

can actually be meaningful to me (.) and provide some form of motivation (.) and also 

guidance at the same time. 

 

P12: so (.) main things are really (2.0) I had a (.) a believable (.) metric number 

for my entire body (.) uh:: (.) which was my biologic= biological age (.) so (.) there was I 

mean best of all is the resounding thing that (.) it’s that one number (.) that represents  its 

one ring to rule them all it’s the one number to rule them all in my body and that is kind 
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of like (.) the most important number so so yeah (.) I um the biggest thing was (.) that it is 

something I can now watch properly not just feel and wonder about (.) um when you (.) 

because when you wonder about things it’s uh (.) I think there was a bit more certainty in 

making my decisions 

 

Perceiving their epigenetic biological age as a personal quantification of inner health 

allowed participants to evaluate their entire bodies in relation to these numbers. Evidence that 

participants were using their scores to evaluate themselves in this way came in the way that 

participants compared their results to school reports or exams (see P3 and P6 below), 

building the sense that epigenetic testing can provide a personal evaluation of how you have 

been living your life. These particular analogies position the test-taker as student, and their 

health almost as schoolwork – something they have a responsibility to be doing and that they 

have either done well in (‘gold star’ or poorly and could have done better (‘D minus’). 

Notably this sense of exams and school reports constructs health as an achievement, and the 

result of individual effort, rather than, for example, a by-product of luck, a supportive family 

or an equal society.   

P3: it’s a bit like it’s a bit like getting your school report back (.) working out 

what you got your gold stars in and what you got your D minuses in so that was quite 

interesting 

 

P : this is the kind of output from the way that you’ve been living your life (.) its 

almost like um (.) it’s almost like a for me it’s like a mid life exam really (.) you know it 

kind of it’s what how am I doing [you know] midlife exams (.) oh crikey okay I’m doing 

okay in some aspects but not in others (.) 

 

So epigenetic testing, in offering a view inside the self, and offering a holistic 

appearing quantification of overall health in a way that allows participants to personally 

evaluate themselves, seems to do the work of making inner health knowable.  

Making health controllable: a personalised instruction manual for change 

 The full epigenetic, DNA and lifestyle recommendation reports were experienced by 

participants as not only making inner health knowable, but also as making it controllable. 
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Participants articulated a sense that this knowledge of their inner health granted them the 

power to control it, and as can be seen from participant 5 below, it was epigenetic science 

that played a particular empowering role, in providing the idea that the individual can change 

the functioning of his or her genes. Control for participants was understood as epigenetics 

having control over genes, and the individual having control over their epigenetics – in a way 

that meant participants had ultimate power over the process of their future health, and that if 

they made the right choices based on their reports, nothing in their genes was set in stone or 

inevitable. This experience of power over one’s genes seems specific, and perhaps unique, to 

those learning about epigenetics, as genes from a modern Western science perspective are 

usually understood in reference to frames such as inheritance and determinism (Condit, 

2009). Participants in the present study, by contrast, did address these more common ways of 

understanding genes but articulated a sense in which they could now overcome the 

deterministic power of genetics through individual lifestyle choice. 

P5: I think the whole concept of epigenetics has made me think about my health 

(.) um because knowing that you can: change the expression of your genetics or your 

genetic map (.) um is quite encouraging 

 

P14: yeah (.) yeah it's not just the view that (.) these are your genetics and this is 

therefore your (.) this is what's going to happen to you it’s like actually no there's things 

you can do to (.) to improve it which is (.) which is good for me  

 

 The ability to know the state of one’s inner health, and the new established ability to 

have power over one’s genes allowed participants to conceptualise their own future health 

post-testing in a very different way to the unpredictable, uncontrollable process laid out when 

talking about their reasons for pursuing epigenetic testing. Future health was now described 

as something participants could control by virtue of having power over their epigenetics and 

in turn their genes. The role of epigenetic testing was suggested as a way to track their health 

going forward, so that by maintaining awareness over their inside health (‘keep an eye on it’), 
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participants could keep close to ‘their normal’, and thereby avoid dementia, or any similar 

fate as suffered by their family members or loved ones. 

P8: it’s inevitable that things are going to (.) start breaking down (.) but you can 

track it (.) and keep it nearer your normal (.) your biological age near your normal age (.) 

then you’ve got a lot more chance of (.) not having everything falling apart and not being 

sort of brushed under the carpet as you get older because you’re (.) fitter and don’t need 

to see the doctors as much as you (.) you’re managing your own health 

 

P9: the two things that scare me is Alzheimer’s and uh dementia (.) I think (.) I 

don’t know enough about them yet to work what does and what doesn’t trigger it but if I 

can avoid those two and just maintain my mobility (.) [then] that’s my key driver so again 

just (.) having had the epigenetics to (.) almost keep an eye have I suddenly wear off to 

one direction or another to (.) you know (.) keep an eye on it (.) is really helpful in my 

opinion 

 

Epigenetic testing and lifestyle change as an individual responsibility: Moralisation 

of testing and self-optimisation 

 If knowledge was understood as power in the context of epigenetic health, then with 

power came a sense of responsibility. Participants articulated the duty to both seek out testing 

and the impetus to act on their scores and recommendations as a logical process, or one of 

common sense, and expressed difficulty in imagining why anyone wouldn’t want to know 

this information. However, the real sense of responsibility came out when imagining 

someone receiving this information but choosing not to act on it, as visible from P2 and P6 

below. Within these accounts, the imagining of a hypothetical person ignoring their results as 

wasteful, or articulating that ignoring results is almost against a kind of social rule -‘you 

wouldn’t just ignore that’- indicates that the act of optimising your health through these tests 

is being moralised by participants. 

P2: so if you are given this information and this knowledge and then you jus::t sit 

on it and not do anything with it or look to::  what can you do to> then I think that’s such 

a waste 

 

P6: I think when you get a DNA test and you can see in black and white that this 

is you for definite you’re not looking at a mirror anymore you’re looking at how you’re 
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everything’s going on inside this is the way you respond to all these all these (.) all these 

markers in you life um (3.0) yeah you do you wouldn’t just ignore that (.) I'm not sure 

how anyone can just ignore that  

 

 This sense of moralisation was further indicated by participants describing that 

everyone ‘should’ undertake epigenetic testing. In the following extracts, in describing ‘how 

you should be monitoring yourself’, participant   experiences quantification and monitoring 

of health as not only a normal practice, but one that everyone should do, whilst participant 4 

in using the analogy of people on the road who can’t drive to describe people who haven’t 

taken epigenetic tests, whilst joking, nevertheless articulates that this kind of self-monitoring 

ought to be practiced by everyone – suggesting an individualised responsibility for health 

optimisation. 

P6: [it just] needs to get across the line for people to realise that (.) DNA is an 

interesting factor great but it’s the epigenetics actually that is going to change the way 

that you live your life (.) and how you should be monitoring (.) yourself so 

 

P4: and it is something that um is very positive for your benefit for you to know 

you know I mean (.) it’s a lot like taking a drivers test I mean isn’t it (h) you know you 

shouldn’t be allowed on the road (.) if you don’t know how to drive you shouldn’t be but 

you should be living on the basis that you’ve taken a DNA test as a steer to how best to 

live your life and (.) and you know diet wise and health wise yeah (.) so I think applies 

°I’m joking here° but I do think it would be um (.) I think it you know as the profile of it 

gets better it would be easier to drop into conversation “oh have you had your DNA test” 

you know 

 

 The moralised accounts of testing shown here were further developed by participants 

imagining the various uses of epigenetic testing in the future. In participant 12’s suggestion 

of pre-parenting epigenetic testing, the responsible parent tests themselves first and ‘gets their 

life in order’, rather than passing on something negative. In participant 4’s account, people 

can’t necessarily be trusted to optimise themselves, and therefore health bodies should act to 

help them do this, whilst participant 9’s formulation suggests an epigenetic-based 

stratification of health insurance by who is (responsibly) trying to improve their score vs. 
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who is irresponsibly inactively letting their health deteriorate. In all of these accounts, 

responsible individuals are seeking to improve their (and their future children’s) health 

through epigenetic testing, while irresponsible individuals not seeking or acting on this 

testing should receive sanctions or limitations in their health decisions (i.e., whether or not to 

be tested). Through all of these means, epigenetic testing becomes the moral action, other 

choices are invalidated, and health promotion is experienced as solely an individual effort and 

responsibility.  

P12: well actually do you wanna have kids (.) why not sort of found out where 

you are epigenetic= epigenetically (.) and rather than passing on (.) I mean once people 

understand that you can pass on (.) mRNA um (.) you know (.) um to your kids (.) um 

then actually hang on a second get your (.) get your life in order and actually (.) find out 

where you are actually have a great= give your kids a better chance and I think that’s 

where we’re going um (.) there’s there’s all those and I think there’s a lot more sort of 

niches and things you know as I say (.) sports um you know falling pregnant um:: (.) just 

optimising diet 

 

P4: um because this is um the epigenetics DNA this is as I see it is a (.) healthy 

you know bad health or ill health prevention that’s what it is effectively (.) stop getting 

unhealthy right and um and I think as a result um (.) you know it is it is it needs to be 

promoted and the the NHS needs to support this actually in my mind they really need to 

take (.) the information that is and I think its happened it will happen with Muhdo I think 

eventually it just will happen (.) and that the NHS will say we’re doing a DNA test on 

you >whether you like it or not< 

Interviewer: right  

P4: so that we can know (.) you know genetically where we can help you um 

sustain your life or improve your life in X or this particular area we think that there's a 

weakness and (.) this is what you need to do to correct it >I don’t know< I'm not sure but 

I certainly think that it may not happen that way but I certainly think that people will (.) 

be encouraged to think that way 

 

P9: the score could be that motivation to (.) >you know< (.) this is your score and 

you need to try and improve it↑ (.) um (.) I am sure one day (.) arguably (.) it can be even 

linked to your insurance policy (.) maybe not what’s your score (.) how much do you pay 

(.) but are you trying to improve it (.) or are you just (.) sitting back and letting it get 

worse in which case (.) why should we (.) why should cover you↑ and maybe for health 

insurance or why should you pay the same as someone else who’s got (.) who is actually 

doing something healthy and eating healthy (.) um and is trying to improve their score 
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 Within these moralised accounts, it is important to note dissenting voices, and whilst 

almost all participants subscribed to a neoliberal view of individual health and fitness 

optimisation responsibility, one participant resisted this narrative – but perhaps in a way that 

confirms its pervasiveness and power.  

P13: I think that’s right that but you know I wasn’t looking at it going okay you 

know I want to be a better athlete or I need to (.) to do this more um:: (.) and the fault 

comes down to also this whole sense of you know there’s always more that you can be 

doing for your health or your fitness and your strength and so (.) probably when you say 

you didn’t hit the goal of like lowering your age (.) and like I really should have that goal 

Interviewer: oh really interesting is that sort of that felt ah gosh I should have 

done this sort of yeah 

P13: yeah that natural sense of yeah you are right I really should be (.) lowering 

my age you know but (.) um I am unfortunately just (.) I am someone who only exercises 

three times a week um:: (.) not everyday and (.) you know 

 

 Thus a participant who might, by general standards and government guidelines, be 

described as (more than) fulfilling fitness expectations experienced almost a sense of 

inadequacy from not being driven by the same moralised goal to further optimise her general 

health and fitness, by driving down her score. 

6.3.3 RQ3: How, if at all does behaviour change occur post-testing? 

6.3.3.1 Personalisation of health choices: new awareness of health impacts 

After receiving their results, participants reported an increased consciousness of their 

lifestyle in relation to their health. This consciousness came not from any sense that the 

health recommendations were all new information, but more that receiving their own 

personalised reports had made the knowledge of what they should and shouldn’t do harder to 

ignore, because of an increased understanding of what these choices would do to their bodies, 

and a feeling that even small choices ‘counted’ towards their scores and overall health. This 

new consciousness was seen to interact with their daily health choices, with participants 

making healthier choices to avoid undoing their progress and increasing their epigenetic age 

scores.  
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Participants described that viewing their reports initiated a reflective process and new 

consciousness of their lifestyle thus far and its potential future consequences for their health 

and fitness (see P4 and P6 below). Key to this emerging health consciousness was not that the 

information of their health recommendations was new per se. Many described being very 

aware of standard health advice, such as eating a balanced diet, exercising, sleeping, and 

avoiding excessive stress. Rather, the epigenetic information was seen as connecting current 

behaviours with future health consequences in a way they previously hadn’t been, as P  

demonstrates in his comparison of human health to car maintenance.  

P : I wasn’t (.) I was conscious of when you're eating good food you know you're 

eating good food when you’re eating crap you know you eat crap but (.) um since having 

the tests it does bring an increased awareness a huge increased awareness certainly the 

epigenetics test (.) it really does hit home to you that if you just like a car isn’t it if you 

don’t maintain a car (.) it ain’t gonna last so long it’s just going to go rusty around the 

edges and the engines going to fail (.) and it it’s just the human body’s ,even more, 

blinking complicated than that 

 

In relation to what about their reports prompted this increased awareness, participants 

referred to quantification of results, and the confronting nature of physically seeing their 

personalised scores, as opposed to hearing generic health advice. Striking in these accounts 

was the way almost every participant described being already aware of what they needed to 

do with regards to their health behaviours, but that it was seeing their own, personal, 

quantified results that seemed to confront them about it – as when P8 describes her results as 

‘staring you in the face’ telling her the consequences of her behaviour, and how P1 describes 

that it was the numbers of her data that gave her the wakeup call.  

P1: exactly it’s a big wa:ke-up call 

Interviewer: ah yeah interesting  

P1:and because I’ve got that very rational mind (.) even though I knew it (.) that I 

needed to relax it was actually some data in front of me that said oh right you actually 

ne:ed to relax now (.) it came in numbers and numbers work better in my brain 
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Interviewer: do you think you would have made those uh if you had never got a (.) 

an epigenetic test 

P8: I think no because I think I know I should have taken all those things before 

(.) but when somethings staring you in the face saying you know you you lacking in that 

or you could (.) you could be better at doing something if you do this (.) it’s you know 

like a doctor telling you right come on you got to do this uh 

 

This sense of confrontation with the facts was not a one-time event but seems to have 

become internalised – as participants described a sense of not being able to escape their 

results having once seen them, in a way that influenced their interaction with health 

behaviours in their everyday lives. Specifically, the personalised feedback of their reports 

seemed to become salient for participants when they were about to make a choice to eat less 

healthily, and resulted in feelings of guilt, as issues of congruence came to the surface: if 

participants have made this investment in testing, and have got or hope to get something out 

of it (have found out their ages are younger, or hope to make them younger), then the choice 

to eat crisps or sugary snacks has a new incongruence that is different from the way 

‘everyone knows’ that these things unhealthy. It appears to be knowing specifically how 

unhealthy they are for you, or how they might detract from your score that brings a new 

consciousness to health actions, and makes participant hesitate before enacting their previous 

less healthy habits, as can be seen from P5 and P8 below.  

P5: I know that if I:: (.) like decide to u:::h (2.0) start you know just start having 

the odd sugary snack here and there (.) it will mess up the consequences (.) it will mess up 

the results quite a lot (.) whereas some people probably might be able to get away with it 

but I know fully I know full well that if I did it then this is what my body will do (.) so 

um:: (.) kind of keeps you on the straight and narrow when you need to be in a training 

frame of mind  

 

P6: <when I eat badly now> um I know I'm eating badly and I'm not just talking 

about after a week or two of eating bad I go “oh god I'm eating badly” its literally ,pick 

up a bag of crisps and I'm on a guilt trip  

Interviewer: oh really so it sort of kicks in  

P6: it kicks in (.) it doesn’t stop me eating a bag of crisps necessarily because but 

it will (.) if you go to the kitchen (.) and you see a whole load of carbohydrates over here 

and some proteins over here and some fruit and vegetables and salad I won’t just reach 

for the carbohydrates anymore (.) ,whereas it’s easy to, they're just done carbs bang (.) I 
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will (.) I'm more prepared now to stand back and go no it brings a bit more discipline 

because you know that after you’ve gained such this kind of wonderful opportunity to be 

almost ten years younger than you actually physically are (.) why would you throw that 

away 

  

It is important to note here again that this was not the case for everyone, and that this 

change in awareness and behaviour could be the result of the motivations with which 

participants approached testing; the participants above who described these changes post-

testing tended to have motivations in line with avoiding ageing and mortality and 

approaching peak fitness, whereas a participant who was less sure of her motivations going 

into testing (mentioned curiosity, possibly health and a good deal on the package) described 

that: 

P13: oh I can’t sort of say that because of doing that test it’s changed my life you 

know (.) in any way really 

 

6.3.3.2 Beating (or keeping) my score on my next test: gamification and 

optimisation through experiments on the self  

In addition to new awareness, a more active way in which participants experienced 

lifestyle change post-testing was through making health changes with the goal of reducing 

their current epigenetic scores. This focus on beating one’s score represented a gamified 

approach to health, one in which improvement could be tracked through successive rounds of 

epigenetic testing, and with some participants expressing a desire for a ‘leader board’. This 

aim of beating or maintaining one’s score was pursued through health experimentation – 

making one or more behaviour changes between tests, maintaining them for a period of 

months and then retesting. Moreover, while retesting was for some participants an objective 

measure of their progress (one for which they would redouble their efforts had their scores 

not improved), for others it was a test of the science itself, with this latter group planning to 

abandon epigenetic testing altogether if their results did not improve. 
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Lifestyle change as a result of testing came largely in the form of wanting to improve 

or maintain one’s epigenetic scores; in that the quantification of health in one of these scores 

gave participants a focus, a target to beat, and a means to know if their efforts were 

successful. This target score was most often specified as the biological age score, though in a 

few cases participants also desired to lower other older scores, such as memory. Thus, while 

participants may have sought testing with the broader goals of optimising their health and 

fitness, after testing these seemed to become narrowed or summarised in a quantified 

shorthand of reducing one’s epigenetic age - and the way in which this goal was expressed 

suggested participants were experiencing almost a gamification of health. For example, in 

P9’s account below, the language of beating one’s score, alongside P12’s desire for a leader 

board to compare his health scores to others – together with other identified elements of 

participant experience such as practicing skills (making lifestyle adjustments), playing again 

(getting a retest), and obtaining feedback in the form of scores suggests a kind of 

gamification of health improvement. 

P9: so for me it was like okay I’ve got to try and beat this score I’ve got to try and 

get my (.) my gap bigger basically and that’s my driver behind that so which has led me 

to do the second test obviously 

 

P12: I think what what would be nice is is to also sort of see (.) where you are 

within the centre like like well (.) I've got this age (.) but I also would like to see (.) um:: 

yeah (.) I’m in the top ten percent five percent (.) one percent it’s  um (.) ah I’m in the 

bottom thirty ten whatever (.) that would be quite useful as well I think you need to know 

that leader board sort of (.) style as well 

 

 The way that participants pursued these aims of improving or maintaining their scores 

was through conducting health experiments on the self. By making specific lifestyle changes 

and maintaining them for a number of months, testers would then take a new epigenetic test 

to see whether their scores had changed and their efforts had been worthwhile. These lifestyle 

changes were often specific recommendations from the report, though not always (e.g., one 

participant made a correlation between the heart rate data on his fitness watch and used it as a 
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correlate for his inflammation score, attempting to keep both low by working to reduce his 

heart rate).  

P10: my brilliant plan is I've signed up to do a week's (.) cycling tour in September 

Interviewer: nice 

P10: so I'm going to go back to my fitness regime and what the DNA and epigenetics tell 

me (.) and then take a different (.) a new data point after that and see if it has moved (.) 

positively (.)  

 

 Whilst all participants, as described earlier, ultimately believed in the validity of their 

original results, faith in their ability to noticeably change them seemed to vary among 

participants when it came to the retesting process, especially in relation to how they would 

interpret future scores. Participants consistently attributed a hypothetical improved score to 

their own behaviour change efforts and affirmed that an improved score on retesting would 

confirm that any behaviour change had been worth the effort, and inspire them to persist with 

the retesting process, as can be seen in P  and P8’s accounts below. 

P6: I think you need to (.) you need to test again having made changes in your life 

that Muhdo have suggested that you might like to (.) to try um to help with this and help 

with that et cetera then after twelve months test again (.) that’s the point I think 

psychologically you’ll say (.) hm those changes I've made have been absolutely 

worthwhile 

 

Interviewer: do you think you’d continue you’d continue getting tests going 

forward↑ or  

P8: Yeah I think so (.) I mean if the results come out (.) that I’ve actually made 

some impact then (.) you know I’ll keep going  

 

 Thus, faith in self-optimisation via epigenetic testing persisted in the scenario of 

continuous observed improvement. However, it was when these hypothetical future scores 

were imagined as not improving, that participants differed in their predicted responses. 

Whilst those with the greatest faith in the self-optimisation or ‘biohacking’ process 

anticipated attributing an unimproved result to their own lack of effort, and therefore 

resolving to strive for greater behaviour change and more frequent retesting in future (as can 
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be seen in P12’s account below), other participants were prepared to interpret a lack of 

positive result as a sign they should give up on optimising their health and fitness with 

epigenetic testing. The variation in responses, and the likelihood of giving up in the face of a 

negative – or lack of positive – result in P  and P1 ’s accounts below perhaps derive from a 

sense of uncertainty about epigenetics itself. Not being able to read or interpret the raw data 

oneself – unlike more obvious or transparent lifestyle-based risk indicators, or fitness trackers 

such as step count, leaves a sense of uncertainty about whether a change in lifestyle will lead 

to a change in observed biological age, and leaves the field open to interpretations such as 

that something in the system has ‘failed’, or is only applicable to elite athletes. 

P12: I'll probably do a test um (.) and um (.) yeah that’s it so so I think probably at 

the moment just my (.) routine would be a once a year check in (.) see where I actually 

am (.) um if I felt there was a (2.0) if the next test isn’t (.) isn’t as good as I expect (.) um 

(.) and I haven’t improved (.) what I probably would do is then make some major changes 

(.) and then six months later and then (.) then probably do two tests a year 

 

Interviewer:    right and if it if it hadn't made a difference what do you think then 

P1 : if it hadn't made a difference yeah I’d feel cheated yeah I’d I’d want my 

money back (h) yeah yeah no if it hadn’t worked I’d probably stop I’d be like right okay I 

won’t get tested again it's clearly not working for me I think it's more I think it is more for 

the um  (.) the (5.0) (hhh) it's more edging towards (.) the elite athlete I think I think the 

benefits of this for people in (.) >you know  the top level sport it’s definitely better to see 

for the regular person on the street (.) you know office worker type thing 

 

P6: >the reason why you took an epigenetics test< trying to do something to 

change your life to move yourself more positively and that doesn’t happen (hhh) I think it 

would be like a just like a doing a ,diet, that failed it would just be (.) um:: you might just 

give up on that concept of science 

 

 In sum, participants sought to beat their epigenetic scores in a kind of gamified 

experience of health optimisation, that involved health experiments of making lifestyle 

changes followed by retesting. Whilst some participants exhibited complete faith in the retest 

process, with plans to try harder in the face of failure to improve, for others faith was 

contingent on success. For this latter group, epigenetic testing is only a grail of health 

improvement to the extent improvement in scores is visible. In the absence of this, 
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epigenetics may be relegated to a past history of health and fitness trends that seemed 

interesting at the time but didn’t ultimately ‘work’.  

 

6.4 Discussion 

Epigenetic testing services are a new addition to a growing personalised health risk 

testing industry. Given their emphasis on potentially malleable epigenetic age indicators 

(Meloni, 2019), and their status as a biological test, they differ from current offerings of 

genetic health risk and lifestyle-based health risk testing, and may be associated with 

different motivations, sense-making processes and behaviour change outcomes. Recognising 

a lack of knowledge in this new personal testing domain, the present study sought to 

understand what draws consumers to epigenetic testing services, how they make sense of 

their results, and how lifestyle change occurs post-testing, if at all. 

In response to these questions, our thematic analysis suggests that individuals seek out 

epigenetic testing to remove uncertainty in avoiding the perils of ageing and mortality and 

approaching optimal physical fitness. In relation to how they make sense of their results, we 

find that consumers trust their results based on perceived personal fit and trust in science, 

account for discrepant scores in a self-protective manner, and perceive their reports overall as 

offering a means to optimum future health and fitness, in a way that allows them to know, 

control and be personally responsible for ‘inside’ health. Finally, epigenetic consumers 

appear to experience a personalisation of their health choices which manifests in increased 

awareness of the consequences of health decisions in daily life, and view health improvement 

through epigenetic testing as a kind of gamified experience, where they can beat their score 

through changes and retests. The present discussion will review these findings in the context 

of previous literature on other approaches, and potential implications for personal epigenetic 

testing.   
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Previous research into individual motivations, sense-making and lifestyle change for 

genomic or lifestyle-based risk indicators has largely consisted of quantitative surveys, with a 

smaller body of qualitative work. Whilst research into lifestyle-based risk indicators has 

focused on accuracy of risk perception and behaviour change to the exclusion of motivations 

for testing (e.g. Bonner et al., 2015; Godino et al., 2016; Nolan et al. 2015), personal genetic 

testing surveys and online content analyses have previously reported participant motivations 

of interest in ancestry, curiosity, trait information and health, with health subdivided into 

interest in risk for specific diseases, a desire to improve health and a desire to understand 

what potential risks may be passed to the next generation (Nelson, Bowen & Fullerton, 2019; 

Roberts et al., 2017; Gollust et al., 2012; Su et al., 2011). Qualitative interviews, allowing 

participants to expand on these accounts, have suggested that individuals undertake personal 

genomic testing as part of a personal quest to either find possible relatives, or to provide them 

with answers to a search for a diagnosis of illness (Savard et al., 2019). What the current 

study contributes to this discussion, is the finding that, while personal epigenetic testing 

consumers are similarly motivated by an interest in health, self-diagnosis for a particular 

health issue did not appear to be a major motivation for participants here. Our participants 

tended to be more concerned with preventing future illness (or achieving optimal fitness). 

Further research could help clarify whether this difference reflects a different orientation or 

individual difference between these consumer groups, with epigenetic consumers showing a 

greater future or prevention orientation with regards to health (perhaps reflective of better 

current health), whilst genetic consumers may be more focused on understanding present ill 

health – especially for those interested in genetic disease-risk testing – interest in which has 

been associated with poor self-rated health (Roberts et al., 2017).  

The current inquiry into participant motivations can also give clues to exactly what a 

motivation of health may mean for epigenetic consumers. For these participants, health was 
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conceptualised as an internal unknown, becoming increasingly unstable with older age, and 

something that the genetic and epigenetic data was expected by consumers to help reveal. 

Epigenetic consumers here undertook testing with hopes that the personalised data and 

recommendations would reduce their health and fitness uncertainty, and that this new 

knowledge would enable them to take action towards preserving their health or pursuing 

optimum fitness. Understanding exactly what consumers are hoping for from testing can 

contribute to promoting clear communication between providers and consumers around 

exactly what these packages can and cannot offer, so as to enable and encourage consumer 

autonomy and informed consent (Bunnik, Janssens & Schermer, 2014; Savard et al., 2019). 

Understanding how consumers make sense of their results, meanwhile, can help to 

resolve the question of whether epigenetic testing is perceived as offering both credibility and 

controllability in its feedback. Firstly, drawing on perceived personalisation of their reports, 

and a trust in science, participants indicated that they trusted their results as valid 

interpretations of their genetic and epigenetic data. Specifically, it seemed to be finding 

elements of their report that confirmed consumers’ own personal health knowledge, as well 

as making associations between epigenetic testing and science (and comparing testing to less 

‘scientific’ forms of health feedback and advice) that established trust and meant consumers 

ultimately found their results credible. This perceived credibility is important, as research 

indicates that where such credibility is absent (as in the case of some of lifestyle-based 

indicators, such as lung age or cardiovascular risk), engagement with risk indicators can 

reduce, and positive lifestyle change becomes less likely (though it is important to note this 

relationship can also function the other way round, with individuals who don’t wish to 

change their lifestyles being perhaps motivated to decide their results are invalid) (Damman, 

Boegarts, van Dongen & Timmerman, 2016; Kulendrarajah, Grey & Nunan, 2020; Lipkus & 

Prokhorov, 2007; Roberts, Taber & Klein, 2018). Having a foundation of credibility, on the 
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other hand, provides a baseline through which consumers can continue to engage with their 

results and take action on them. Thus, in a similar way to consumer responses to genetic 

testing (Johansson, Segerdahl, Ugander, Hansson & Langenskiöld, 2018), it seems that 

epigenetic consumers find their results credible in this case based on perceived 

personalisation and associations with science. 

In addition to credibility, epigenetic feedback also seemed to offer consumers 

perceived controllability of health outcomes – which may be key to behaviour change 

(Weiner, 2010). Controllability of health manifested in participant accounts when making 

attributions for their current epigenetic age, and when speaking more broadly about what 

epigenetic testing meant for them and their health in the future. With regards to the former, 

notable in participants’ accounts was that, regardless of whether causes of their epigenetic 

age were attributed internally (e.g. lifestyle choices) or externally (e.g. stressful work), 

epigenetic ageing itself was in each case described as ultimately personally controllable, if 

they only made sufficient effort. Furthermore, participants experienced the knowledge of 

their test feedback as giving them power over their genes, and therefore over their health. 

Whilst descriptions of feeling in control of one’s health are not unheard of, what was 

particularly striking in these accounts were the suggestions of having power over one’s genes. 

Given research suggests genes are usually understood as inherited, immutable factors (e.g. 

Condit et al. 2009), and this perception can represent a barrier to lifestyle change following 

genetic testing (Savard, 2019; Shefer, Silarova, Usher-Smith & Griffin, 2016), epigenetic 

testing may be seen to have a key advantage over genetic testing in that participants feel there 

are things they can do to control their genetic activity and therefore health, even in the 

context of the growing instability of health in older age.  

Epigenetic consumers’ faith in their results and their perceptions of control over their 

epigenome, genome and health would suggest that personalised epigenetic testing can, in the 
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eyes of consumers, resolve the credibility vs. controllability trade-off observed in health risk 

indicators. The most likely implication of epigenetic testing having both strengths is a greater 

chance of positive health behaviour change, and so perhaps the best evidence of this is 

whether and how participants made behaviour change. Lifestyle change post-testing seemed 

to occur for the present sample through two main avenues. One was a growth in awareness – 

a new type of personalised consciousness of the consequences of their health actions that felt 

more personally meaningful than the general health advice they were aware of previously 

(Damman, Bogaerts, van Dongen, & Timmermans, 2016). Crucial to researcher interest is 

that participants described this awareness as ever-present and interacting with their health 

decisions. Specifically, in the knowledge of having taken (and paid for) a personalised 

epigenetic test to improve their health, participants experienced a new incongruence in then 

making an unhealthy (typically dietary) choice (Freijy & Kothe, 2013). In these situations, 

participants described that in many cases the understanding of the specific consequences of 

that action (i.e., losing a young epigenetic score, or ‘messing up’ training) was enough to 

persuade them to make an alternative, healthier choice. That this information remained salient 

even at the points where participants might otherwise have been most tempted to avoid it is 

important here, as it suggests personalisation of health information, (at least, when the health 

information is trusted), may help users cross the knowledge-behaviour gap noted in health 

communication theory, where health communications reliably increase knowledge, but have a 

much smaller effect on behaviour (Sligo & Jameson, 2000). What this data suggests is that 

personalisation of health knowledge, as opposed to generic health advice, may stay with 

individuals at key decision making points (Damman, Bogaerts, van Dongen, & Timmermans, 

2016). 

Secondly, lifestyle change reportedly occurred through a kind of gamification of 

health, where epigenetic scores were there to be beaten and became the targets of a kind of 
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health improvement process involving successive experiments on the self. Gamification of 

health, whereby elements of games are applied to non-game areas of life such as health 

management (Deterding, Dixon, Khaled, & Nacke, 2011), has been shown to promote 

engagement with health apps, and to predict behaviour change (Johnson et al. 2016; Walsh & 

Golbeck, 2014). Whilst personal epigenetic testing is not currently marketed in a gamified 

manner, the provision of epigenetic ‘scores’ may encourage this mindset, and may explain 

participants taking up the mindset of wishing to ‘beat’ their scores, or desiring a socially-

comparative leader board. Importantly, a key part of a gamified experience is the suggestion 

that through practicing relevant skills, scores can improve (Kim, 2015). Moreover, this 

appears to have been participants’ aims in making their particular lifestyle changes, as the 

motivation of wanting to beat their epigenetic ages seemed to encourage many to adopt a 

particular health behaviour for a length of time and then retest to see whether it had ‘made a 

difference’. That so many of the present sample were enacting or had such a ‘retest plan’ 

suggested that personalised epigenetic testing was successful in these instances in motivating 

behaviour change, and perhaps that some combination of perceived credibility, 

controllability, personalisation and gamification allowed participants to set and attempt 

personally relevant health goals, for the reward of a younger, more positive score.  

There are, however, potential downsides to perceived controllability of genes and, by 

extension, health. One is the capacity for self-blame. Survey, experimental and clinical trial 

research suggests that where perceived control over negative health comes, self-blame tends 

to follow. This has been found to be true of perceived control of weight (Pearl & Lebowitz, 

2014; Reinka, Quinn & Puhl, 2021), of illness (Roesch & Weiner, 2001), and of epigenetic 

ageing. With regards to the latter, in Study 2’s experiment in which participants read an 

account of epigenetic age as either determined by early life environments (less personally 

controllable) or by adult lifestyle and health behaviours (more controllable), those in the adult 
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condition perceived their epigenetic ageing as more within their personal control and also 

rated themselves as more to blame should their epigenetic age be high. This link between 

controllability beliefs and self-blame is of particular importance because research suggests 

self-blame for poor health outcomes is linked to negative affect, guilt and reduced efforts to 

cope in the future (Pearl & Puhl, 2018; Roesch & Weiner, 2001). That epigenetic consumers 

appear to perceive their genes as controllable following epigenetic testing could prove 

problematic therefore, especially where epigenetic scores on retesting prove not to be as 

controllable or changeable as hoped. Although large correlational studies have demonstrated 

associations between health behaviours and epigenetic age scores (Fiorito et al. 2019; Quach 

et al. 2017), research is only beginning to suggest the possibility that individuals can reduce 

their present epigenetic ages through short term health interventions (Fitzgerald et al, 2021; 

Sae-Lee et al. 2018). It is similarly as yet uncertain what additional factors may influence 

epigenetic ageing besides personal lifestyle. However, those that are known include those 

definitively outside of individual control – such as socioeconomic status and experience of 

trauma (Fiorito et al. 2019; Hamlat, Prather, Horvath, Belsky & Epel, 2021; Katrinli et al. 

2020). It may therefore be important for companies to communicate realistic expectations 

about the possibility of change, to avoid consumers experiencing self-blame and its related 

consequences.  

If self-blame could prove a problem as a result of unimproved results, then other-

blame is similarly problematic. Similar to the self-blame literature, research finds that 

perceived controllability of outcomes such as obesity, physical illnesses and mental health is 

linked to increased blame and anger towards people with these health outcomes, as well as 

reduced willingness to help them (Khan, Tarrant, Weston, Shah & Farrow; Menec & Perry, 

1998; Weiner, Perry & Magnusson, 1988). With regards to epigenetics, Study 1’s experiment 

compared different causal explanations of obesity – and found that adult epigenetic 
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explanations of obesity led to increased blame (and a non-significant trend towards increases 

in stigma) towards an obese individual compared to genetic or early life epigenetic 

explanations. Whilst this study found adult epigenetic causal accounts predicted less blame 

than behavioural accounts, it is possible that these results could represent an underestimate on 

what epigenetic blame could look like in future. Given public epigenetic knowledge is 

currently low (Carver, Castéra, Gericke, Evangelista & El-Hani, 2017), it is likely that many 

of the participants in Study 1 were learning about epigenetic ageing and its potential causes 

for the first time, which could lead to more reserved or hesitant judgements, compared to 

those exposed to these causal accounts of health for longer. Indeed, the present interview 

study, in finding perceptions of power and control over genes and health, also finds evidence 

for other-blame – in the sense that everyone ‘should’ be using epigenetic testing, and in the 

imagined accounts of how such testing may be used in future. Specifically, imagined futures 

of epigenetic testing in national healthcare services, health insurance and pre-natal testing 

contribute to conceiving a neoliberal future view of health – one in which responsible citizens 

are those managing their health through epigenetics, and are thus self-governing (Whitson, 

2014), whilst those who are not are subject to negative social consequences – either 

potentially being seen as less responsible parents, in being offered a potentially mandatory 

health test, or in being required to pay an increased rate of health insurance due to the 

perception that they are ‘not trying to improve their scores’, as a responsible, self-governing 

citizen should. These potential notions of responsibility and blame are especially troubling in 

light of who in society might be most likely to have an older epigenetic score, and might be 

therefore deemed most likely to not be trying hard enough to improve it. Such scores are 

more likely to befall socially disadvantaged people, those on low incomes, and those who 

have experienced trauma (Fiorito et al. 2019; Hamlat, Prather, Horvath, Belsky & Epel, 2021; 

Katrinli et al. 2020)), all of whom as a result may lack time or resources to attempt to 
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improve their epigenetic age, may find early attempts unsuccessful, or may have other, more 

immediately pressing life priorities.  

It is important to note at this point that blame was far from universally observed 

through the present sample and may also be a factor relating to the specific nature of the 

sample itself. That is to say, those who undertake epigenetic testing, at least at its current 

price point (approximately £200) may be those of a relatively high socioeconomic status, 

with potentially more resources to invest in health improvement (previous work suggests 

genetic testing consumers tend to be predominantly white, middle-aged females with a high 

level of education – Roberts et al., 2017). Equally, individuals who are attracted to epigenetic 

testing may be those for whom health is important and understood as controllable – and in 

holding these views, the idea of individual responsibility for health may be more widespread 

than in a general population sample. Nevertheless, personalised direct-to-consumer health 

testing presents a risk for a particular kind of Matthew effect (Perc, 2014)– where the 

advantaged and healthy get healthier and the disadvantaged and unhealthy get more to blame. 

Furthermore, there is the potential for epigenetic testing to influence ideas of responsibility 

and blame for health; a possibility that merits further exploration in future research. 

 6.4.1 Strengths, limitations and future directions 

The strengths and limitations of the present work are important to consider in 

interpreting the results. Firstly, due to the limited numbers of individuals who have accessed 

direct to consumer epigenetic testing, which has only been available through the company of 

interest since 2017, ours was necessarily a self-selecting convenience sample, which may 

have influenced the results in a number of ways. One is that it is possible that those who are 

drawn to epigenetic testing may be those who are particularly likely to feel a sense of control 

over their health, compared to those who don’t access this testing – which, given our 

interviews were all post-testing, may make it difficult to ascertain whether having epigenetic 
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testing leads people to feel in control over their health, or whether those who feel in control 

of their health are more likely to pursue epigenetic testing. One piece of evidence for the 

former comes from that participants described experiencing uncertainty over future health 

prior to testing, and described a sense of control over their genes as a result of testing – 

however, given each interview took place some time afterwards, it is possible that these 

narratives represent post-hoc rationalisations of the decision to have an epigenetic test, which 

while valuable in themselves, cannot without doubt demonstrate these changed perceptions in 

real time. However, exploring changes in perceptions of control over health pre- and post-

epigenetic testing would be an interesting direction for future research, and could be 

accomplished with pre- and post-test surveys to observe a quantitative change in these 

constructs, or perhaps through diaries or interviews to gain a qualitative sense of any change.  

Secondly, the present sample characteristics may have implications for interpreting 

evidence of behaviour change. Specifically, those who are willing (and have the resources) to 

purchase an epigenetic test are likely sufficiently interested in their health to be willing to 

consider lifestyle change, and those who are willing to be interviewed about their experiences 

are potentially more likely to have had a positive change experience than a negative or 

indifferent one. As the personal epigenetic testing market grows, further qualitative research 

could capture a greater diversity of epigenetic testing experience by using pre-screening to 

obtain a range of perspectives. Future researchers may be interested in exploring 

quantitatively the potential of personal epigenetic testing to promote health behaviour change. 

Future randomised controlled trials could help to identify whether epigenetic testing is more 

likely to predict these outcomes than genetic testing, lifestyle-based risk testing, or no testing 

controls. Of interest here could be whether perceived controllability of health outcomes, and 

perceived credibility of testing mediate any effects found. 
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Lastly, and likely directly caused by the small number of consumers who have 

accessed epigenetic testing so far, several of the current sample disclosed personal or 

business connections with members of the company, which, though assured all feedback 

would be anonymised, could similarly impact on how positively they might describe their 

experiences. However, as the interview data of these individuals was neither substantively 

nor observably different from those who did not make such disclosures, as the population of 

epigenetic consumers is yet small, and given the reflexive, experiential stance of our analytic 

approach is concerned with individual subjectivity with the understanding this is present in 

all research situations (Braun & Clarke, 2021b), this feature of our sample is viewed less as 

an insurmountable bias, and more a facet inseparably tied to a key strength of the present 

work. Namely, that this is the first study to our knowledge to have accessed and interviewed 

this limited, hard-to-reach sample of early adopter consumers, and as such the first work to 

investigate and apply attribution theory to the motivations, sense making and behaviour 

change within this population. In doing so, we hope to offer a springboard for future work in 

this emerging and rapidly evolving field of study.  

6.4.2 Conclusions 

Personalised health risk indicators are increasingly accessed by consumer populations, 

as well as in clinical settings – however, whilst genetic testing is perceived as credible, and 

lifestyle-based risk indicators are perceived as offering controllable outcomes, genetic testing 

lacks a clear means for individuals to control and monitor personal risk, whilst lifestyle-based 

indicators may be interpreted as lacking a sense of credibility or relevance. The present work 

is the first to our understanding to offer evidence that epigenetic testing may resolve this 

problem. In shedding light on consumer motivations, how participants make sense of their 

results and the ways in which lifestyle change occurs post-testing, the present study offers a 
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view into the experiences of epigenetic testing consumers, and a starting point for research in 

this innovation of personal risk testing.  
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Chapter 7 - Discussion 

The aim of the research project reported in this thesis was to investigate the 

psychosocial effects of communicating early life programming vs. adult malleability 

epigenetic information in terms of potential impacts on health behaviour motivation, stigma 

and policy support. The underpinning theory for this research was attribution theory, which 

suggests that the way we explain the causes of phenomena can affect our attitudes and 

behavioural responses (Kelley, 1967; Weiner, 2018). Within attribution theory, key to the 

present conceptualisation is the causal dimension of control, and its trade-offs found in the 

attribution theory literature. Previous evidence suggests that perceptions of individual control 

over a health outcome predict increased health behaviour motivation (Kaphingst, Lachance, 

& Condit, 2009; Wang & Coups, 2010), but also increased blame and stigma and reduced 

assistive policy support (Barry, Brescoll, Brownell & Schlesinger, 2009; Chambers & Traill, 

2011; Crandall et al., 2001; Elran-Barak & Bar-Anan, 2018; Hansson & Rasmussen, 2014; 

Joslyn & Haider-Markel, 2019; Puhl et al., 2015; Weiner, Perry & Magnusson, 1988). 

Perceptions that a health outcome is personally uncontrollable meanwhile may have the 

benefit of reduced blame and stigma towards affected individuals and increased assistive 

policy support (Beeken & Wardle, 2013; Hilbert, Rief & Braehler, 2007; Pearl & Lebowitz, 

2014; Weiner, Perry & Magnusson, 1988) but are also associated with decreases in individual 

health behaviour motivation (Kaphingst, Lachance, & Condit, 2009; Wang & Coups, 2010). 

In the present work, we hypothesised that early life programming epigenetic accounts of 

health, with their focus on uncontrollable features of our early environments, would be 

associated with an attribution profile of low control, an external locus and high stability. As a 

result, early life programming accounts should predict low stigma and blame, and high 

support for assistive policy, but relatively low health behaviour motivation. Adult 
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malleability accounts of epigenetics and health, on the other hand, were predicted to 

demonstrate an attribution profile of high controllability, low stability and an internal locus of 

control. As such, these accounts should predict increased health behaviour motivation, but 

also increased stigma and blame, and reduced assistive policy support. The below discussion 

explores our findings in relation to attributions and outcomes of health behaviour motivation, 

stigma and policy support. It then considers implications for theory and practice, and 

discusses strengths, limitations and directions for future research, before forming conclusions 

about the particular trade-offs communicating epigenetics is likely to entail.  

This thesis yields four main findings. The first is that communicating adult 

malleability epigenetic information leads to perceptions of individual control over health 

outcomes, and can be accompanied by blame and, potentially, stigma. However, this result is 

dependent on context. Specifically, communicating adult malleability information is not 

likely to lead to increases in blame or stigma in the context of already stigmatised health 

issues (where that stigma is linked to perceptions of control), however a potential concern is 

that disseminating the concept of epigenetic ageing provides new opportunities for blame and 

potentially, stigma. Study 1, investigating the impacts of communicating epigenetic 

aetiologies of obesity, found that adult epigenetic or behavioural explanations of obesity led 

participants to perceive that the target vignette character had greater agency over his obesity 

and see his obesity as less stable, in comparison to early life epigenetic or genetic accounts, 

whilst adult malleability information also predicted reduced agency and marginally higher 

stability in comparison to behavioural information. Furthermore, exposure to adult epigenetic 

accounts predicted greater blame towards the vignette character for his obesity than exposure 

to genetic or early life epigenetic accounts (though less blame than behaviour), with a similar, 

though non-significant pattern for weight stigma. A similar pattern was observed for self-

blame - study 2’s investigation of communicating epigenetic ageing found that individuals 
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who received adult malleability information rated themselves as more in control of their 

epigenetic ageing, and were more likely to blame themselves if their epigenetic age was high 

than those who received early life programming information. Study 3, observing participants’ 

instinctive beliefs when they were given information about epigenetic ageing but not about 

what influences it, found that adult epigenetic beliefs predicted an internal health locus of 

control, but found no association between adult epigenetic beliefs and weight stigma. Lastly, 

Study 5’s interview data revealed that consumers reported feeling more in control of their 

epigenetic ageing and health since having an epigenetic test, and showed potential to blame 

or negatively judge others who ‘weren’t trying’ to improve their epigenetic score. 

In sum, these findings suggest that adult epigenetic aetiologies predict an attribution 

profile of high personal control and low stability, and can lead to blame, with potential for 

stigma. However, there are nuances in this data worth exploring. Firstly, in Study 1’s obesity 

data, adult epigenetic accounts of obesity predicted greater attributed agency, reduced 

stability and greater blame towards individuals with obesity than early life epigenetic or 

genetic accounts. However, adult epigenetic accounts nevertheless predicted significantly less 

control and blame, and greater stability than behavioural accounts. Similarly, adult epigenetic 

accounts led to stigma that was numerically, though not quite significantly, lower than 

behavioural accounts of obesity. This indicates that, although adult epigenetic information is 

more likely to inflate perceptions of control and blame compared to early life or genetic 

information, it is not as likely to induce perceptions of control and blame as a current 

dominant Western societal explanation of obesity: behaviour (Beeken & Wardle, 2013; 

Rukavina & Li, 2011; Weiner, Perry & Magnusson, 1988). This is likely due to the 

association of anything genetic with uncontrollability (Condit et al., 2009; Weiner, Perry & 

Magnusson, 1988)– and so by including both genetics and behaviour, adult epigenetic 

information produces attributions, blame and (though non-significantly) stigma intermediate 
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to these two competing explanations. This is important to note because it suggests adult 

malleability information will not necessarily induce greater blame for already stigmatised 

health issues where this stigma is related to control – though as observed in Study 1, will not 

necessarily produce less either. This point is further demonstrated by Study 3’s belief 

regressions, in which adult epigenetic beliefs, whilst predicting an internal health locus of 

control, were observed to have no association with weight stigma. Within the study, this 

suggests that adult epigenetic information is unlikely to promote stigma where the 

relationship of epigenetics to obesity is not explicitly explained. More broadly, this suggests 

adult malleability beliefs are not necessarily in themselves stigmatising, and promotion of 

blame or stigma as a result of communicating adult malleability accounts is not likely where 

a prominent causal account for a health issue is behaviour, or where the specific links 

between epigenetics and that health issue are not explained.  

Thus, our evidence suggests that adult malleability accounts are unlikely to further 

increase blame or stigma in cases where stigma is already an issue. However, what is 

potentially more of a risk in communicating this information is the creation of new contexts 

for blame and stigma. Study 2 in communicating epigenetic ageing found that compared to 

early life programming, adult malleability accounts led to increased perceptions of control 

over one’s own epigenetic ageing, and increased self-blame if one’s epigenetic age were to be 

high. Whilst individuals may blame themselves for their health problems, the concept of 

receiving an epigenetic age allows people to blame themselves prior to getting ill – an 

especially pernicious idea given that socioeconomic status and experience of trauma in 

childhood (factors wholly outside of an individual’s control) have been found to accelerate 

epigenetic ageing (Hamlat, Prather, Horvath, Belsky & Epel, 2021; Marini et al., 2021; 

Simons et al., 2016). Furthermore, it is possible that this new potential type of self-blame 

may be different from self-blame for an unhealthy lifestyle. Receiving a number that claims 
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to provide a quantification of your current state of health, and is perceived as supported by 

(epi)genetic science, may be more confronting than existing knowledge of one’s health 

behaviours that can be avoided, compared favourably to others, and estimated in an (overly) 

optimistic way (Arni, Dragone, Goette & Ziebarth, 2021). Therefore, communicating the 

concept of epigenetic ageing may expand the territory for potential blame – ideas explored 

further in Study 5’s interviews.  

A major finding of Study 5’s data is that having an epigenetic test gave consumers a 

feeling of control of their epigenetics, ageing and health – and as observed in the attribution 

literature, control is an important predictor of blame. One observation in Study 5’s data is that 

participants did not, on the whole, tend towards self-blame. ‘Good’ (i.e., younger) epigenetic 

age results tended to be attributed to the individual’s own hard work or good genes, whilst 

‘bad’ (i.e., older) results tended to be attributed to stress. However, as many of the sample 

described themselves as having active interests in health and fitness, described their results in 

mostly positive terms and were willing to be interviewed about their experiences, it is 

possible this was not the likeliest demographic for self-blame to appear. Had the interview 

data been obtained as part of a clinical trial rather than a consumer sample, negative results 

and self-blame may have been more likely. However, interesting here was the moralisation of 

improving one’s epigenetic age, and the appearance of blame and perhaps stigma towards 

hypothetical others not taking this responsibility. Participants described a sense that everyone 

should both want to know, and then work to improve their epigenetic age, and suggested 

ideas for restrictive or discriminatory future uses of epigenetic testing (that it should be 

mandatory on the NHS, that health insurance should discriminate between those trying and 

‘not trying’ to improve their epigenetic age, and that parents ought to be tested before even 

considering having children). Collectively, these findings suggest that communicating the 

concept of epigenetic ageing risks expanding the possibilities for blame and health stigma. 
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Whilst this was not a pre-post experiment, and so therefore cannot conclude whether having 

epigenetic testing has directly increased blame or stigma towards envisioned ‘unhealthy 

others’, it is possible the concept of epigenetic age testing provides a vehicle for these 

sentiments to be more easily expressed. Language is a powerful means through which ideas 

can be conveyed, and what can be said provides the scope for what can be done (Bo, 2015; 

Foucault, 2019). Therefore, whilst individuals may have had health-related stigma beliefs 

before, such as that people are unwell through their own fault, and ought not to be paid for by 

the NHS – the idea of being able to sum up health through an epigenetic age provides a way 

to organise and communicate these ideas, in a way that can be described as ‘for their own 

good’. As one participant put it ‘it becomes easier to slip into conversation, have you had 

your epigenetic test’. 

The distinction between outcomes of blame and stigma should here be noted, in that 

our results more reliably support the notion that perceiving an individual’s epigenetic 

processes and related health outcomes to be within their own control will lead to blame, than 

that these perceptions will lead to stigma. This finding likely relates to the conceptual 

distinction between these constructs outlined in the introduction; that while blame is strongly 

predicted by perceptions of control, stigma is known to have a greater number of influences 

beyond perceptions of control, and as such the levels of control implied in early life vs. adult 

epigenetic accounts will more strongly influence blame than stigma. Furthermore, our 

evidence suggests that compared to early life accounts, adult accounts of epigenetic ageing 

may predict increased blame towards individuals with a high epigenetic age, however our 

evidence does not suggest that adult epigenetic accounts of health outcomes such as obesity 

will lead to increased blame or stigma towards those individuals compared to behavioural 

accounts. This is likely because adult epigenetic accounts include both behavioural and 

genetic causal factors, so logically cannot incur more blame than behavioural causal factors 
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alone. Therefore, the potential for blame and stigma towards those with high epigenetic ages 

specifically, as suggested by our interview study, is at this point speculative, and perhaps 

especially so in the case of stigma. Further research will be needed to understand whether 

those with high epigenetic ages (where these ages are known to others) will experience blame 

and/or stigma because of it, to what extent such blame or stigma may differ from pre-existing 

health blame and stigma, and which factors may moderate or influence this relationship.  

As such, adult malleability epigenetic information predicts perceptions of control over 

health outcomes, and whilst this may not lead to increased blame and stigma when 

communicated in relation to already-stigmatised health outcomes such as obesity, this 

information communicated in the context of epigenetic ageing may provide a new area in 

which people can be blamed for their poor health. Thus, the answer to research questions 1 

and 2 is that, for individual health outcomes, adult malleability causal accounts are associated 

with greater perceptions of individual control, reduced stability, greater blame and potentially 

greater stigma than early life programming accounts. As such, for perceived control, blame 

and stigma, adult malleability accounts are associated with a similar profile of outcomes as 

other high control causal accounts, such as behaviour. Though, due its genetic component, 

adult malleability accounts may not always induce stigma and blame to the same level, as can 

be seen from these accounts predicting reduced blame towards an obese individual compared 

to behavioural accounts of obesity in Study 1. These findings support the attribution theory 

literature, which has found that causes of health outcomes that imply high control, such as 

behaviour, predict high perceived control, which itself is strongly associated with blame and 

stigma towards affected individuals (Crandall et al., 2001; Elran-Barak & Bar-Anan, 2018; 

Weiner, Perry & Magnusson, 1988). This also furthers the existing literature on the impacts 

of communicating adult malleability information. Previous work had indicated that adult 

malleability epigenetic accounts of mental health issues can increase perceptions of agency, 
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reduce perceived stability, and thereby reduce prognostic pessimism (Farrell, Lee & Deacon, 

2015; Lebowitz & Ahn, 2015; Lebowitz, Ahn & Noelen-Hoeksema, 2013). What my current 

work adds here is that adult malleability accounts can also increase perceptions of control and 

agency, and reduce perceived stability in relation to physical health and epigenetic ageing. 

However, these attributions may be accompanied by feelings of self-blame, or blame and 

potentially stigma towards others with negative health outcomes.  

The second major finding of this thesis is that communicating early life programming 

epigenetic information predicts perceptions of low individual control, and low blame and 

stigma towards affected individuals. However, this control, blame and stigma does not 

disappear, but rather appears to be transferred to ‘powerful others’ - particularly parents, and 

especially mothers. Participants in Study 2 scored lower on self-blame after reading early life 

(as opposed to adult) epigenetic information, but scored higher on Other-blame. Similarly, in 

Study 3 early life epigenetic beliefs positively predicted a powerful others health locus of 

control. Lastly, Study 4 found that regardless of whether such information framed parental 

behaviours or societal conditions as responsible, early life programming accounts of 

epigenetic ageing led to parents being perceived as having greater control over their 

children’s epigenetic ageing, with parents of a child with a high epigenetic age being judged 

as more to blame and less warm, competent and moral, than when participants had not learnt 

about epigenetics. Within this, the mother was judged to have more control and to be more to 

blame than the father – but only after reading epigenetic information.  

Study 4’s findings, in particular, therefore present a worrying picture of what could 

happen if early life programming information is widely disseminated, even given attempts to 

make this information less overtly parent-behaviour-focused. However, here again the 

nuances of these findings are worth exploring, and several possibilities are suggested for why 

such strong differences were observed between epigenetic vs. no information conditions but 
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not between the two epigenetic articles themselves, and within this why mothers were blamed 

more than fathers. One reason for the lack of difference between epigenetic texts could be 

that, as discussed in limitations below, in attempting to match the conditions so that the 

difference in perspective (here, individual parent vs. societal conditions) was the only 

difference, the societal conditions text was prevented from giving a fuller account of social 

inequalities, and therefore limited in its ability to reduce blame or stigma. Another possibility 

however is that the idea that a child’s health outcomes are the responsibility of the parent is 

so entrenched that nothing can diminish it (Mukolo & Heflinger, 2011; Wolfson, Gollust, 

Niederdeppe & Barry, 2015), and that rather than reducing parental control, blame and 

stigma, the societal conditions text may have instead increased perceived control and blame 

towards other (unmeasured) parties such as the government or food industry. As for gender 

differences, that mothers were attributed greater control or blame could be a reflection on the 

bias towards maternal effects in the current epigenetic research literature (McKerracher, 

Moffat, Barker, Williams & Sloboda, 2019; Sharp, Lawlor & Richardson, 2018). On the 

other hand, if future work were to carefully eliminate any possibility of reporting bias and 

these effects were still observed, it could represent a core issue of communicating early life 

programming information – that mothers are likely to receive greater blame than fathers.  

Similar to the adult malleability results, the fact that early life programming 

information predicts powerful other control and therefore powerful other blame and stigma 

supports the attribution theory literature regarding the positive relationship between these 

concepts, and also contributes to the extant literature that parents tend to be blamed for their 

children’s mental and physical health issues (unless those issues are believed to be genetic) 

(Mukolo & Heflinger, 2011; Wolfson, Gollust, Niederdeppe & Barry, 2015). These findings 

also provide an important expansion of the nascent literature of DOHaD communication. 

Previous work has predominantly communicated early life programming and DOHaD to 
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assess knowledge and learning on medical courses (Oyamada, Lim, Dixon, Wall & Bay, 

2018), or to motivate behaviour change (Bay, Vickers, Mora, Sloboda & Morton, 2017; 

Woods-Townsend et al., 2018). Despite many warnings from social scientists that 

communicating DOHaD risks incurring parental blame and stigma (Kenney & Müller, 2018; 

Richardson et al., 2014; Winett, Wulf & Wallack, 2016), only one study has explored these 

more negative possible outcomes of epigenetics, with Hollister, Yaremych, Goldring & 

Persky (2019) finding that parents experienced guilt and negativity after a brief learning 

module about epigenetics. The present research builds on this initial study, by being the first 

to our knowledge to investigate the extent to which the general public will blame and 

stigmatise parents in the face of this information, and to find that parents (particularly 

mothers) are, in fact, blamed for a child’s fast epigenetic ageing. Moreover, we show that 

people may be likely to blame their parents, or other powerful others, if their own epigenetic 

ageing is fast. That wider dissemination of early life programming epigenetic information 

may promote blame towards parents is a problem – both morally, in that many parents may 

be unable to influence their child’s negative environmental stressors (Marmot & Bell, 2012; 

M’Hadi, de Beaufort, Jack & Steegers, 2018), and practically, in that research indicates that 

perceptions of control over a child’s health outcomes and/or receiving blame for these 

outcomes can promote parental anxiety and distress, which is itself a predictor of poor child 

outcomes (Beijers, Buitelaar & de Weerth, 2014; McKerracher, Moffat, Barker, Williams, & 

Sloboda, 2019; Van den Bergh et al., 2020). Further work will need to elucidate whether 

people do in practice do blame their parents if their epigenetic age is high, and the extent to 

which parent and mother blame is avoidable through careful communication (Winett, Wulf & 

Wallack, 2016). Until this point however, and on the basis of the current evidence, the answer 

to RQ3 is that early life programming epigenetic information predicts increased parent blame 
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regardless of how this information is framed, and mothers appear to be a particular target of 

this blame.  

The third key finding is that brief articles communicating epigenetic aetiologies do not 

influence health behaviour motivation – however, longer term communication of this 

information and especially personal epigenetic testing show promise for motivating health 

behaviour change. Study 1 found no effect of genetic, behavioural, early life programming or 

adult malleability aetiologies of obesity on health behaviour motivation. Similarly, Study 2 

indicated no effect of early life vs. adult accounts of epigenetic ageing on health behaviour 

motivation, with Study 4 demonstrating no effect of early life programming information on 

preconception health behaviour motivation. However, Study 3 suggested that adult 

malleability beliefs predicted increased health behaviour motivation, and Study 5 found that 

consumers who had had epigenetic testing went on to make, or form plans to make health 

behaviour change so as to lower their epigenetic age.  

These findings indicate firstly that brief communications of epigenetic information to 

the general public are unlikely to promote increases in health behaviour motivation. This is 

not to say such changes are impossible, but that the current evidence gives little grounds to 

expect them. There are a number of potential reasons for why this may be the case. The first 

is that given research indicates current knowledge of epigenetics and epigenetic ageing is not 

likely to be high (Carver et al., 2017), these ideas may take some time to process, and more 

time than a brief experiment will allow. Health behaviours are overdetermined, with many 

aspects other than controllability of health outcomes likely to affect them (Försterling, 2001), 

and so epigenetic information may be unlikely to make an immediate change to motivation or 

behaviour after first viewing. Importantly, this does not necessarily mean that public health 

messaging including epigenetics or epigenetic ageing is destined to be unsuccessful in 
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promoting change – more that on the basis of our initial evidence, measuring health 

behaviour motivation once after initial reading, has not provided evidence of such change.  

A second possibility is that health behaviour motivation is not the best measure to 

capture the effects of epigenetic communication. Health behaviour motivation and intentions 

were selected as measures in this work because this was an outcome that could be 

immediately captured post-viewing the experimental materials. However, the health 

behaviour motivation data suggested the presence of ceiling effects – participants’ health 

behaviour motivation seemed to be consistently very high across experiments regardless of 

condition. This could indicate a response bias, and suggest the measure would need some 

alteration before it could sensitively capture effects of exposure to epigenetic condition. 

Alternatively, it could indicate that health behaviour motivation is already generally at peak 

within the population and as such not a limiting factor for behaviour change. Rather than 

individuals not being sufficiently motivated to make changes, it could be that other, possibly 

external or environmental factors need to change before health behaviour change is likely.  

Both of these explanations are possible – however, in support of the idea that 

epigenetic information can promote health behaviour change over longer periods of time, the 

interview data in Study 5 suggested that consumers of epigenetic testing described making 

such changes themselves, or planning to make such changes. Whilst this was not a 

randomised control trial, and so we are unable to suggest that epigenetic consumers make 

greater health behaviour changes than those who do not receive this testing, participants’ 

accounts of how their epigenetic results inspired them to change their lifestyle to lower their 

epigenetic age provide promising initial evidence that epigenetics may motivate health 

behaviour change when assessed over longer durations, or where individuals can receive 

personal biological data (Kulendrarajah, Grey & Nunan, 2020).  
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Our health behaviour motivation and qualitative findings contribute to an emerging 

literature on the ability of epigenetics to promote health behaviour change. Specifically, the 

present work adds context to Bay et al.’s (2017) and Woods-Townsend et al.’s (2018) work – 

that whilst Bay et al.’s (2017) 4–6-week intervention predicted behaviour change amongst 

adolescents, brief interventions are unlikely to effect such change. Our findings from Study 5 

however, constitute a first in interviewing a previously unstudied population, and suggest that 

providing personal feedback in the form of one’s epigenetic age, with the possibility of a re-

testing service may be an effective way to promote uptake of a healthy lifestyle. Meanwhile, 

with regards to parent health behaviours, Study 4 follows on from McKerracher et al.’s 

(2020) finding that knowledge of DOHaD is associated with improved maternal diet quality, 

and Hollister et al.’s (2019) finding that parents describe having greater knowledge about 

how to best promote their children’s health after learning about epigenetics. Whilst Study 4 

seems to contradict these works in finding no effects on preconception health behaviour 

motivation, it is also the first of these studies to use a non-parenting population. It is possible 

then that either the same information delivered to a sample of individuals actively planning a 

family might be successful in promoting health behaviour motivation, or for measurement 

reasons outlined above, that effects of any such intervention would have to be measured in 

the form of actual health behaviours measured over time, and that the intervention itself 

would have to include some element of repeated messaging. In light of the current evidence, 

the answer to RQ5 appears to be that adult malleability epigenetic information can promote 

health behaviour change, but that such interventions may have to be either of longer duration, 

including personalised epigenetic feedback, or in the case of early life information, with those 

planning families in order to motivate such change.  

Our final finding of note is that epigenetic information appears to have mixed results 

in relation to policy support, and does not appear to predict it in and of itself. Study 1 found 
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no effects of any obesity aetiology information on food policy, discriminatory hiring policy 

or discriminatory insurance policy (though an interaction with BMI on legal protection 

policy). Study 3 indicated that epigenetic beliefs predict assistive food policy support, but 

that neither early life nor adult malleability are specific predictors, and Study 4 found that 

societal condition frames of early life programming information predicted increased 

preconception policy support. Whilst Study 5 did not explore policy in particular, initial 

possibilities were suggested for how epigenetic testing could become routinised within 

healthcare services, or how health insurers could discriminate between those who were 

‘trying’ to improve their epigenetic age vs. not.  

Three potential factors may explain this mix of results. The first is that the influence 

of causal accounts of health on related policy support may vary with the extent the policy is 

perceived as relating to a specific group outside of the self (and clearly helping or hindering 

them), or whether the policy is perceived as being relevant to the self. With our food policy 

scale (drawn from the UK government’s childhood obesity plan (Department of Health and 

Social Care, 2016; 2018) including regulations that would affect everyone regardless of their 

weight category (e.g. menu calorie labelling), individuals may have rated their support in line 

with their own interests, rather than considering how these policies would affect individuals 

with obesity specifically. This could also account for Study 3’s finding that epigenetic beliefs 

generally predicted food policy support – it is possible that strong beliefs in the impact of our 

environments and lifestyles on our epigenetic ageing reflect an interest in health and science 

generally, which may promote support for policies designed to make healthy choices easier to 

make. Our preconception policy support scale, on the other hand, (drawn from the UK 

Preconception Partnership (Stephenson et al., 2019)), contained many items designed to 

address inequalities in preconception health particularly. As a result, many participants, 

including those not currently thinking about starting a family, or those not affected by social 
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disadvantage, may have interpreted these policies as less personally relevant to them, 

allowing responses to this scale to be more responsive to societal causal information.  

A second possibility which could explain the lack of difference between early life 

programming and other causal accounts of obesity in Study 1 is that seeking to make the 

early life programming and adult malleability texts equivalent aside from this difference in 

perspective may have limited the ability of the early life programming article to focus on 

social inequalities, thereby limiting its ability to influence policy support. Previous literature 

suggests that giving information on environmental rather than behavioural influences of 

health problems can promote support for assistive policies (Beeken & Wardle, 2013; Hilbert, 

Rief & Braehler, 2007; Pearl & Lebowitz, 2014). By including the same three influences of 

nutrition, chemical exposure and stress in our early life programming text as the adult 

malleability text, rather than taking a broader, more explicit social inequality perspective, it is 

possible that our early life programming condition was read more as an individual behaviour 

than a social environmental cause - only one in which parents rather than affected individuals 

were responsible for behaviour causing epigenetic and health changes.  

Lastly, the third possibility explaining our mixed findings for policy support is an 

order effect – that because Studies 1 and 4 placed the policy support measure after the case 

study, it is possible that viewing an individual case study may have wiped out the effect of 

the explanatory article, and created the impression that obesity and epigenetic ageing were 

problems on an individual scale, and as such should have individual rather than societal 

solutions. Perhaps against this reading of our data however, is that those who read the societal 

conditions early life programming information in our parenting Study 4 were more in favour 

of preconception policy support than those who read no information – indicating in this 

instance the effect of the explanatory article hadn’t been cancelled out.  
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These findings contribute to a mixed literature concerning the effects of causal 

attributions on policy support. Whilst there have been clear examples that causal accounts of 

health issues as genetically or environmentally caused being associated with assistive policy 

support, and accounts of health issues as behaviourally caused being associated with 

discriminatory or restrictive policy support, there have also been counter-examples 

(Garbarino, Henry & Kerfoot, 2018; Niederdeppe, Shapiro, Kim, Bartolo & Porticella, 2014; 

Pearl & Lebowitz, 2014) - a problem compounded by that most studies, even when studying 

the same health issue (i.e. obesity) each use their own individually compiled measures of 

policy support, gathered either from previous research or from nationally-relevant documents. 

This is a problem for forming conclusions across the literature because each obesity policy 

support scale may be in fact measuring something slightly different, in addition to using 

different manipulations or measures of causal beliefs. The present work also appears to mark 

a first for the effect of epigenetic causal attributions on policy support. While further work 

will be needed to understand the implications of these new kind of causal attributions, what 

can be concluded at present (in answer to our RQ5) is that whilst early life epigenetic 

information may not have an immediate impact on obesity policy support at present, such 

information may promote support for preconception health policy, if framed in a way that 

sufficiently conveys the influence of societal inequalities on health inequalities.  

Putting these findings together, in this thesis I set out to investigate the psychosocial 

implications of communicating epigenetics. Specifically, I investigated whether adult 

malleability epigenetic accounts of health and ageing would be interpreted as high control 

causal accounts, and thus predict the same trade-offs in implications as other high control 

causes (i.e. behaviour) within the attribution literature, and whether early life programming 

accounts would be interpreted as low control causal accounts, and therefore be associated 

with the opposite set of trade-offs in implications, as previously observed for other low 
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control causes (i.e. genetics or environment). Our findings indicate the following trade-offs 

for communicating epigenetics. Adult malleability accounts are interpreted as controllable 

causes of health and ageing, and as such may promote health behaviour motivation and 

practice (either as beliefs, or as a result of personal epigenetic testing). However, these causal 

accounts also predict greater blame than genetic or early life epigenetic accounts, with little 

impact on policy support. Whether these accounts increase blame is dependent on context – 

adult malleability information may not further promote blame or stigma in relation to already 

stigmatised health issues, such as obesity, however a risk of communicating adult epigenetic 

information is the creation of new contexts for blame and possible stigma, namely, epigenetic 

ageing. Early life programming accounts of health and ageing on the other hand, are 

interpreted as personally uncontrollable, and as such predict low blame, low stigma, may 

promote policy support (where societal influences are stressed) and have no discernible effect 

on health behaviour motivation. Thus, adult malleability is interpreted largely as a high 

control cause, and early life programming as a low control cause, when it comes to 

individuals. However, early life programming does not eliminate blame or stigma, but rather 

appears to pass it back to the previous generation; as these accounts predict high other-blame 

and control, a powerful others’ health locus of control, and parental control, blame and 

negative character judgements. Early life programming, whilst a low control cause in relation 

to the self, is by contrast treated as a high control cause in relation to powerful others, and 

namely parents. The implications of these trade-offs are discussed below.   

7.1 Implications for communicating epigenetics 

The literature suggests that researchers and practitioners may be interested in 

communicating epigenetics to the public for one of four main reasons: to promote health 

behaviour change (outside of a parenting context), to promote preconception or pregnancy 

health/parenting health behaviours, to reduce health-related blame and stigma, or to generate 
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support for policies to reduce health disparities (McBride & Koehly, 2017; McKerracher, 

Moffat, Barker, Williams & Sloboda, 2019; Roth, 2017; Stephenson et al., 2019 ). With 

regards to the first, communication of adult malleability information in brief article form is 

not likely to stimulate immediate health behaviour motivation, nor (if health behaviour 

motivation precedes behaviour change) health behaviour change. This does not necessarily 

mean that communicating adult malleability information cannot possibly promote practice of 

health behaviours, however it is likely that one or more of the following adaptations in 

communication strategy may be necessary before an effect can be observed. First and 

foremost, interventions may need to be of longer duration than a brief article – for example, 

adult malleability perspectives of epigenetic ageing could be communicated within a longer 

learning module, or in shorter messages, if messages can be repeated over time, to allow time 

for reflection on these messages. Secondly, communications could be made more engaging, 

or persuasive, by using multimedia, or by offering particular health behaviour 

recommendations. Thirdly, interventions may want to consider alternative ways of capturing 

health behaviour motivation, if this is the outcome of interest. Lastly, our results provide 

initial support for the idea that personal epigenetic testing may promote health behaviour 

change – where practicable and affordable, interventions looking to promote health 

behaviours could incorporate a personal epigenetic test. However, before incorporating 

epigenetic testing, more research is needed with more varied populations (initial intervention 

research has focused on individuals with obesity, or former smokers (Dugué et al, 2020; 

Huang et al., 2015; Joehanes et al., 2016) on the degree of behaviour change required to 

enable epigenetic change in adulthood, to give a realistic idea of the level of lifestyle change 

required to observe changes in this metric, so as to avoid participant disappointment or 

disheartenment. Healthcare practitioners should be aware that whilst adult malleability 

information is unlikely to further blame or stigmatise individuals with obesity (at least 
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according to our current evidence), participants may blame themselves if they believe or find 

out their epigenetic age is higher than their chronological age. This blame may be 

problematic, because while some lines of logic and ethical standpoints suggest that blame or 

stigma towards individuals with poor health (of the kind that may be perceived to be 

improved by behavioural change) may motivate individuals to make health behaviour change, 

empirical evidence suggests otherwise (Tomiyama et al., 2018). To take the example of 

weight, experimental evidence suggests that participants induced to feel weight stigma go on 

to eat more, feel less capable of controlling their eating, and produce higher levels of cortisol 

(a stress-related, obesogenic hormone) than those not induced to experience weight stigma 

(Himmelstein, Incollingo Belsky & Tomiyama, 2015; Major, Hunger, Bunyan & Miller, 

2014; Schvey, Puhl & Brownell, 2011). Similarly, longitudinal work finds that self-reported 

exposure to weight stigma or internalised weight bias predicts future weight gain, regardless 

of weight or BMI at baseline (Jackson, Beeken & Wardle, 2014; Olson, Lillis, Graham 

Thomas & Wing, 2018; Sutin & Terracciano, 2013). Given the harmful physical and mental 

consequences of blame and stigma therefore, strategies to mitigate such blame should be 

explored.  

Secondly, our results suggest that brief articles on early life programming epigenetics 

and DOHaD are unlikely to promote preconception health behaviour motivation amongst 25–

30-year-old UK adults. However, previous work has found that knowledge of DOHaD and 

epigenetics is positively associated with maternal diet quality during pregnancy 

(McKerracher et al., 2020). As such, it is likely that here again, such interventions may need 

to be of increased duration, that effects may only be observed in time rather than 

immediately, and likely when more targeted towards samples who are known to be planning 

or actively trying to conceive, rather than those in the 5-year age bracket before most births 

occur. With results from our work indicating parent control perceptions, blame and stigma 
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may come from communicating early life programming, and Hollister et al.’s (2019) 

intervention indicating that parents are likely to feel guilty and negative towards epigenetics 

after learning about these topics, the development of interventions should ideally wait, or 

carefully pilot, until further work indicates how communications may be framed (if this is 

possible) to avoid parent guilt, blame or stigma.  

Thirdly, with regards to stigma reduction, our evidence suggests that communicating 

early life programming causal accounts of obesity or epigenetic ageing predicts low blame 

and low stigma compared to behavioural accounts (and to extent, adult epigenetic accounts) 

and is interpreted similarly in these outcomes to genetic causal accounts. This could 

theoretically make early life programming aetiologies an attractive target for those looking to 

reduce stigma towards those with stigmatised health issues – our evidence finds this approach 

effective in the case of obesity. Furthermore, that many people with obesity experienced 

conditions conducive to program genetic expression towards greater body weight may be 

more believable than the notion that a majority of people have ‘genes for obesity’ – 

potentially lending early life programming accounts an advantage over genetic accounts. 

However, there are important notes of caution concerning early life programming as a 

stigma-reduction approach. Firstly, our findings from the obesity study (Study 1) applied to a 

hypothetical vignette individual, who was described as having an epigenetic profile consistent 

with obesity. This detail of the vignette, in providing epigenetic ‘evidence’, may have 

increased believability compared to if the character was described as not having had an 

epigenetic test. As such, and given causal opinions about obesity as a health issue sometimes 

require more in-depth interventions to shift (Diedrichs & Barlow, 2011; Hague & White, 

2005; Poutschi, Saks, Piasecki, Hahn & Ferrante, 2013), these results may not generalise to 

people with obesity in general. A second caution comes from the fact that whilst these 

accounts predict low individual blame and low stigma, like genetics, they also predict 
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attributions of low control and high stability. As such, reducing blame and stigma may come 

at the cost of people believing they have the ability to change their health for the better, if 

early life programming accounts are whole-sale accepted. This same trade-off has 

characterised previous attempts to reduce mental health stigma, and is now being warned 

against as an approach because of the trade-off in agency. Lastly, a third caution comes from 

the ‘stigma-transfer’ effect noted in our studies, where blame and stigma do not disappear, 

but transfer to powerful others, such as parents. This could mean messages targeted at 

reducing health stigma of individuals backfire in that their parents, and especially mothers, 

are stigmatised instead. As such, and until knowledge is acquired as to whether this transfer 

can be avoided, the risks of using early life programming to reduce health blame and stigma 

may outweigh the benefits (Richardson, 2014; Winett, Wulf & Wallack, 2016).    

Lastly, there is little in the way of clear evidence to suggest that communicating 

epigenetics will have demonstrable impacts on policy support pertaining to obesity (either 

assistive or discriminatory), however, early life programming information that emphasises the 

social inequality determinants of health and disease via epigenetic mechanisms may prove 

successful in promoting preconception policy support that aims to reduce these health 

inequalities. Now that our research has demonstrated the different outcomes likely when 

communicating adult malleability vs. early life programming, the restrictions we adopted in 

matching these articles need no longer apply, and early life programming messaging can be 

developed further beyond our introductory texts. As such, researchers or activists may 

therefore wish to produce a number of variants of these messages, to determine which is most 

successful in generating support for policy to reduce health disparities, and what qualities of 

this messaging promotes its efficacy.   
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7.2 Strengths, limitations and future directions 

Key strengths of the present work include the following. Firstly, the empirical studies 

that comprise this thesis are the first to our knowledge to directly compare the impact of 

communicating epigenetics in each of its two major perspectives acknowledged in the 

literature: early life programming vs. adult malleability. In doing so we were able to 

demonstrate that these perspectives are associated with different causal attributions, and 

predict different consequences for blame, stigma, health behaviour motivation and 

(potentially) policy support. Had we not made this distinction, but sought to communicate 

epigenetics and DOHaD more generally (possibly with a leaning towards one approach or the 

other, but without acknowledging this) as other studies have before, and then found impacts 

on any of these outcomes, we would have been unable to conclude what specifically in our 

communications had caused them. Thus, separating epigenetic communication into its 

component approaches is one strength of this thesis. 

A second strength is that our mixed-methods approach has enabled the exploration of 

our research questions from several different stances, yielding a diversity of evidence to 

support our conclusions, with each addressing some of the limitations of the other methods. 

For example, with regards to health behaviour motivation, the experiments in Studies 1, 2 and 

4 were able to establish that early life programming or adult malleability accounts of 

epigenetics and health predict divergent attribution profiles, with distinct impacts on blame 

and, to a lesser extent, stigma – although no differences in health behaviour motivation. 

However, this work couldn’t explain whether individuals instinctively took a more early life 

programming vs. adult malleability approach in interpreting epigenetic ageing, and the 

psychosocial consequences of participants’ own beliefs about epigenetics. Study 3, in 

developing and validating the epigenetic belief scale, was able to establish that people 

generally approach epigenetic ageing with more of an adult malleability mindset, and that 
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adult malleability beliefs predict health behaviour motivation - yet this still left us with the 

key question of whether learning about epigenetics from an adult malleability perspective can 

change health behaviours in an adult population. To answer this, Study 5’s thematic analysis 

was able to suggest that epigenetic consumers did find the concept of epigenetic ageing 

motivating, and went on to make behaviour changes in attempts to lower their age. Thus, 

combining different methods and approaches strengthened our ability to answer the research 

questions of this thesis.  

This brings us to a third strength – Study 5’s interview data marks a first to our 

understanding in conducting research with an as yet unstudied population: epigenetic testing 

consumers. Whilst research has increasingly provided interview data with genetic testing 

consumers (Nelson, Bowen & Fullerton, 2019; Savard et al., 2019; Shefer, Silarova, Usher-

Smith & Griffin, 2016), little was known about why anyone would undertake epigenetic 

testing instead. In seeking out an epigenetic testing company, and working towards a 

collaboration in which we were able to gain access to their consumer base, Study 5 was able 

to provide a novel contribution to the biological testing literature, by interviewing epigenetic 

consumers to learn what motivates people to undertake epigenetic testing, how they make 

sense of their results and how behaviour change follows, if at all.  

As to limitations, one limitation of this work relates to the health behaviour 

motivation scales used in Studies 1-4. Health behaviour motivation or intentions are far from 

a perfect proxy to health behaviours, with literature noting the intention-behaviour gap 

(Mullan, Allom, Brogan, Kothe & Todd, 2014; Rhodes & de Bruijn, 2013). However, as a 

research decision was taken to conduct multiple online studies rather than a singular longer 

duration intervention, this meant we could observe the effects of information conditions on 

immediate health behaviour motivation, but not on longer term practice of health behaviours. 

Therefore, a measure was sought for the nearest related concept to health behaviours: health 
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behaviour motivation and intentions. After an initial literature search found little in the way 

of currently used, well-validated scales that could be adapted away from one specific health 

behaviour to encompass several, a health behaviour motivation and intentions scale was 

designed specifically for the purposes of Study 1, and adapted thereafter. However, despite 

informal piloting, and initial amendments to the scale to avoid ceiling effects (e.g. increasing 

the scale from 7 to 10 points), ceiling effects were nevertheless observed in our data, limiting 

our ability to capture any differential effects of epigenetic information articles. It is possible 

either that some additional variation on the scale could have removed these ceiling effects, or 

alternatively, it may be true that rather than a scale property, health behaviour motivation, 

like health behaviours themselves, are overdetermined to the extent that an isolated article 

introducing epigenetics will (at least on first reading) make little difference to immediate 

health behaviour motivation. Finally, it is possible that ceiling effects were observed because 

health behaviour motivation is already as high as it is likely to be for much of the population, 

and that this is not the limiting factor in behaviour change. Instead – it could be other, more 

external factors in a person’s life, such as time commitments, social support, and how easy it 

is to live a healthy lifestyle in that person’s immediate social environment that has a greater 

impact on health behaviours (Barker, 2015). If this is latter possibility is true, it is possible 

that the more individualistic approach of providing information to promote behaviour change, 

whilst cost-effective, may have less of an impact on societal health behaviours than adapting 

the social environment to making healthy living more accessible and reduce health 

inequalities (Barker, 2015; Roth, 2017). Future longer term interventions communicating 

adult malleability information may resolve some of these questions, by establishing the 

effectiveness of this information in motivating behaviour change. 

A second limitation is that the matching of early life programming and adult 

malleability texts to avoid additional differences between them may have limited the ability 
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of the early life programming information to discuss broader social inequalities. In Studies 1, 

2 and 4, in order to standardise the conditions where possible, each text included information 

on influences of nutrition, chemical exposure and in some cases stress, using similar wording 

where feasible. However, this restricted the early life text from including information on 

social inequalities except as they pertained to these specific outcomes. One example comes 

from the parenting study, Study 4. Initially planning to cover nutrition, chemical exposure 

and stress, stress was finally removed from both the societal conditions and the parental 

lifestyle text, because the epigenetic research evidence suggested that exposure to trauma or 

financial disadvantage can influence children’s epigenetic ageing, but not parental stress or 

other stress-related parental behavioural factors (aside from abuse) (Hamlat, Prather, 

Horvath, Belsky & Epel, 2021; Marini et al., 2021; Simons et al., 2016). The research 

evidence in this case therefore meant that a section on stress could be a valid inclusion for the 

societal conditions article, but not for the individual parent lifestyle article. As such, not 

being able to write an equivalent section in the individual parent article meant that a section 

on psychosocial stress was omitted altogether rather than have the conditions uneven. 

Equally, attempting to match wording where possible limited our ability to follow recent 

guidance in the literature that individual behaviours are so predominant an explanation for 

health outcomes, that mention of parent behaviours or parents at all will individualise the 

problem to the point where readers may be unable to process the issue as one requiring 

broader social and environmental intervention. As such, attempts to match our texts (adult 

malleability and early life programming, and early life societal conditions and early life 

individual parent) to ensure experimental purity may have limited the power of the early life 

programming texts to reduce blame, and to enhance health related policy support relative to 

its adult malleability counterpart. As a result, the early life programming text may have been 

interpreted more similarly to adult malleability than it might have otherwise been. Now that 
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we understand more about the distinctive effects of early life programming and adult 

malleability epigenetic information, future work should continue to explore the possible 

impacts of communicating early life programming epigenetic perspectives without these 

restrictions, by communicating the early life epigenetic evidence in relation to socioeconomic 

status and other social inequalities, and exploring impacts on blame, stigma and policy 

support.  

Finally, a third limitation is that our evidence towards the health behaviour promoting 

properties of adult malleability information cannot conclude causality. Given Study 3 

examined associations rather than causal effects, and Study 5’s interviews, whilst providing a 

rich insight into consumer experiences of epigenetic testing, was qualitative as opposed to a 

quantitative pre-post study or a randomised control trial, we cannot definitively conclude that 

adult malleability information or epigenetic testing produces changes in health behaviour 

beyond what would be observed in a similarly motivated population who did not undertake 

epigenetic testing. Whilst participants did describe feeling a new sense of control over their 

genetics, health and fitness, and reported making lifestyle changes accordingly, it is uncertain 

to what extent participants would have experienced these changes had they not engaged in 

testing. To quantify the effectiveness of epigenetic testing in promoting health behaviour 

change, future pre-post and randomised control trials should be conducted. One interesting 

new avenue of research within this could be whether this effectiveness differs between 

consumer, general population and clinical samples (as it has been suggested consumers may 

be more motivated than other research participants). Furthermore, our qualitative findings 

suggest that epigenetic testing may resolve the controllability-credibility trade-off as 

observed in genetic and lifestyle-based testing; an interesting direction for future work could 

be to compare these three forms of testing, to investigate their effectiveness in promoting 
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behaviour change and include both perceived credibility of test and controllability of outcome 

as mediators of change.  

As such, a randomised control trial comparing the effects of personalised epigenetic 

ageing information could be used to evaluate the potential of this technique in health 

promotion. Rather than a single trial, and given the potential complexity of epigenetic age 

testing as a health intervention, future intervention research into the potential for epigenetic 

age testing to promote health behaviour change should proceed in accordance with the 

Medical Research Council (MRC) guidance for complex interventions (Skivington et al., 

2021), which outlines four phases: intervention development, feasibility, evaluation and 

implementation. 

Firstly, the intervention would have to be developed, involving decisions pertaining to 

the target population, considerations of context and stakeholders, and programme theory 

development. For example, whilst initial evidence from epigenetic age testing in this thesis 

suggests that consumers have found it helpful in motivating behaviour change, it could be 

argued that the participants of this study were likely to have held a prior interest in health, 

and not represent the sub-population for whom change was most necessary. As such, whilst 

health enthusiasts may be a receptive audience for epigenetic testing, it may be that 

individuals who are at behavioural risk for poor health may derive greater benefit from 

epigenetic age testing in terms of motivation towards health behaviour change, and therefore 

may be a more important target population for this intervention in terms of health outcomes. 

However, it should also be considered that this latter population represents a rather different 

context for epigenetic testing, in that those with poor health behaviours may be more likely 

(than a general population, or consumers with a particular health interest) to obtain older or 

more negative results, and to consider the intervention to be more blaming, potentially 

reducing health behaviour motivation. It is also possible that, if the intervention were to 
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include a re-testing follow up, those with poorer health behaviours may also be more likely 

than the interview participants of Study 5 to have experienced socioeconomic disadvantages 

that may have already increased their epigenetic age, the limitations of which may influence 

their ability to change both their lifestyle and their epigenetic age (Simons et al., 2016). As 

such, behaviour change guidance would have to consider the users’ systemic context, and 

ways in which change may or may not be possible, as well as the possible psychosocial 

implications of getting a similar or worse score at retest, and ways in which service users may 

be supported in the event of such a score to avoid potential for psychological distress and 

worry. To ensure appropriateness and prevent potential harms, intervention development 

should include collaborations with people with personal experience – in this case, either those 

who have previously undertaken personal epigenetic testing (ideally including those with a 

diversity of demographic factors and epigenetic outcomes), and people similar to the target 

population in terms of their health behaviours. In addition, the design of the intervention 

would have to take into consideration who would primarily communicate the intervention and 

do the testing, as it is possible that participants may react differently to doctors, nurses, 

university researchers or a private company handling their genetic and epigenetic data. A 

private company would have the advantages of an epigenetic testing package with feedback 

already being available, but possible disadvantages of potentially high costs and trust barriers, 

alongside ethical issues of data management and security. As well as practical considerations, 

the programme theory should be developed alongside those who have already partaken in 

epigenetic testing, to co-develop proposed mechanisms of change based on relevant theory – 

a starting point for which could be the results of the current work’s epigenetic interviews.  

Secondly, a feasibility study should assess the extent to which participants find the 

intervention acceptable and workable, as well as provide insight into any methodological 

difficulties or barriers, such as concerning recruitment, data collection, and how relevant 



 253 

outcomes are best measured. Outcomes of interest may include health behaviour outcomes, 

measures of beliefs about epigenetics (including the Epigenetic Belief Scale), and participant 

indicators of intervention ease of comprehension and acceptability. In relation to epigenetic 

testing, this stage of intervention testing could provide information about whether the 

communication around the intervention is sufficient, or whether more is needed for 

participants to understand epigenetics and epigenetic ageing, and whether such an 

intervention is acceptable to participants. Equally, cost-benefit modelling could be 

undertaken at this stage – which could help inform whether the potential outcomes of health 

behaviour change from epigenetic testing are worth the initial investment in the testing 

process itself, and in other intervention-related costs. 

Thirdly, if epigenetic testing is deemed feasible as an intervention, an evaluation study 

could be conducted to test its effectiveness, and also consider intervention outcomes in 

relation to their usefulness for decision makers. Key factors in this process to take into 

account may be what epigenetic testing is compared to (whether a pre-post design, or a 

randomised control trial comparing to treatment as usual, or additionally comparing 

epigenetic testing to genetic testing or other ‘health age’ testing (Kulendrarajah, Grey & 

Nunan, 2020)). In particular, a range of comparison interventions could allow researchers to 

test the suggestions from the present qualitative work – that epigenetic testing results may be 

perceived as more credible than other health age indicator results and as more controllable 

than genetic testing results – and therefore predict increased health behaviour change 

compared to health age and genetic testing feedback via these respective mechanisms. A 

second key factor would involve selecting the most appropriate and useful outcome measures 

from previous work. As epigenetic beliefs in Study 3 were found to predict health behaviour 

motivation, the EBS could be a useful measure post-intervention, to measure change in 

epigenetic beliefs, and whether these changes predict health behaviour outcomes. With 
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regards to measures of health behaviour change, one consideration from our epigenetic 

testing interviews is that given the breadth of feedback in an epigenetic ageing report, while 

behaviour change may include the usual forms of behaviour change as could be detected in 

standard questionnaires (e.g. increase in physical activity), other changes may be 

idiosyncratic and specific to the individual’s own report (e.g. the decision to stop eating white 

bread). An added complication is that due to the form of behaviour change observed from our 

interviews (time-controlled behavioural experiments), behaviour change may be more than 

ordinarily inconsistent as a result of this testing. These considerations speak to the importance 

of longer term follow ups in evaluating epigenetic testing, and possibly also to incorporating 

a mixed methods approach, to capture the quality as well as quantity of behavioural changes. 

Reflecting the MRC’s shifting focus from pure effectiveness to theorising mechanisms of 

change, and how interventions interact with the context within which they are implemented, 

epigenetic testing evaluation should take into account whether controllability and credibility 

(and other identified relevant factors) can explain mechanisms of change, and whether 

epigenetic testing is effective in different contexts, including those with young, equivalent or 

older epigenetic than chronological age scores. 

Lastly, if epigenetic testing is found to be effective in facilitating health behaviour 

change, attention should be paid to implementation considerations, such as contextual factors 

(e.g. whether a local demographic is of generally higher or lower socioeconomic status, and 

has fewer or greater health problems may affect uptake of epigenetic testing, and possible 

changes achieved). Furthermore, service reach or uptake should be monitored and evaluated, 

so as to modify an epigenetic age testing intervention where relevant (e.g., its communication 

in areas with particular language or education barriers) – in order to engage relevant 

stakeholders, overcome barriers and thereby achieve best practice in implementation.  

 



 255 

7.3 Conclusion 

Epigenetics is a fast-growing area of research, with findings increasingly 

demonstrating how epigenetic mechanisms can explain links between our lifestyle and 

environments, and health and disease. The purpose of this thesis was to understand the 

potential impact of communicating epigenetics on health behaviour motivation, stigma and 

policy support. Using attribution theory as a conceptual framework, it was predicted that 

adult malleability would be understood as a personally controllable cause of health outcomes 

and therefore would predict high health behaviour motivation, high blame and stigma and 

low policy support; whilst early life programming would be considered as individually 

uncontrollable and would therefore predict the opposite set of trade-offs. In exploring the 

psychosocial impacts of communicating epigenetics through experiments, scale development, 

regressions and interviews, this thesis concludes the likely trade-offs in communicating 

epigenetics in health are as follows.  

Adult malleability accounts of epigenetic ageing and health are interpreted as high 

control causal accounts, and as such may promote health behaviour motivation and practice, 

however, can also predict blame and potential stigma. The benefits of health behaviour 

motivation and practice appear to be time-dependent, with longer interventions and personal 

epigenetic testing showing particular promise for health behaviour change. Meanwhile, 

drawbacks of blame or stigma are context-dependent; adult malleability information is 

unlikely to increase blame or stigma for health issues which are already stigmatised due to 

perceived behavioural causes, however a risk in communicating these perspectives is the 

possibility of creating new contexts for blame and potential stigma. Early life programming 

accounts are understood as individually uncontrollable, and as such predict low blame and 

low stigma, can increase policy support where societal influences are emphasised, and have 

no observable effect on health behaviour motivation. However, blame and stigma does not 
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disappear with early life perspectives, but rather transfers onto powerful others in the affected 

individual’s life: our evidence suggests that particularly parents, and especially mothers may 

be targets of this blame and stigma. Overall then, adult malleability information is treated as a 

high control causal account in terms of attributions and psychosocial outcomes, whilst early 

life programming information is interpreted as a low control causal account with respect to 

individuals, and a high control causal account with respect to their parents.  

In understanding these trade-offs and considering their implications, this research 

provides an important first exploration into the likely impacts of communicating early life vs. 

adult epigenetic aetiologies to the general public, as well as a first insight into the motivations 

and experiences of those who undertake personal epigenetic testing. As epigenetic research, 

communication, and consumer markets expand, it is hoped that these results can inform the 

practice of healthcare practitioners and science communicators, and direct the work of future 

researchers, so that the communication of epigenetics can progress towards facilitating 

healthy lifestyles, reducing health blame and stigma, and promoting support for policy to 

eradicate health inequalities.        
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Appendices 

Appendix A – Study 1 articles 

Genetic 

Obesity, defined as a BMI over 30kg/m2, has been described by the World Health 

Organisation as one of the greatest public health challenges of our time (WHO, 2017). 

Obesity is linked to a significantly increased risk of developing heart disease, cancer, stroke 

and Type II diabetes, and recent work finds that obese individuals can expect shorter life 

spans than those of a healthy weight. Recent figures from Public Health England (2017) 

estimate that if current trends persist, obesity is set to overtake smoking as the leading cause 

of preventable death. As a consequence, obesity has received considerable medical research 

attention in recent years. Whilst many factors have been found to contribute to the 

development of obesity -including lifestyle and the environment - recent discoveries have 

highlighted that the most major influence of whether we develop obesity may lie in our 

genes. 

It has long been known that obesity can run in families. Family studies have 

demonstrated obesity is strongly heritable: for example, the BMI of adopted individuals 

correlates more strongly with their biological parents than with their adopted family with 

whom they share an environment. Similarly, twin studies have demonstrated the concordance 

rate (probability that both individuals will have a characteristic, given one of them has it) of 

obesity for identical twins is more than twice as high as that of non-identical twins. Overall, 

the research literature has found that up to 70% of variation in weight is accounted for by 

inheritance. This means that obesity is more strongly inherited than conditions such as breast 

cancer, mental illness and heart disease.  

Research in recent decades has started the process of understanding why this might 

be. In 2003, the first obesity-related gene, the FTO gene, was discovered – along with the 

discovery that individuals could have high- or low-risk variants (alleles) of this gene. Each of 

us have two copies of every gene, inherited from our parents. Researchers investigating the 

FTO gene found that if you had one copy of the high-risk variant and one copy of the low-

risk variant of FTO, you were 30% more likely to develop obesity than if you had two low-

risk copies. For those with two high-risk copies, the risk was even higher – they were 70% 

more likely to develop obesity than those with two low-risk copies. 
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In the following years, many more genes have been discovered – by 2006 over 20 

obesity genes were known, and a recent research review has yielded evidence for at least 370 

genes connected to the development of obesity. It is thought that the same variants of these 

genes that promote obesity once helped promote our survival: evolutionary biology has 

suggested that when food was scarce, these genes helped our ancestors to survive by 

encouraging the storage and maintenance of fat deposits in our bodies. These days, as food is 

plentiful in Western societies, it is suggested these same genes may be causing obesity in 

hundreds of thousands of us. 

Conversely, for some people genes may lead to healthy thinness. A recent 2019 study 

from the University of Cambridge has found that those who are skinny not only have fewer 

genes linked to obesity, but also demonstrate changes in gene regions newly associated with 

healthy thinness. This landmark study indicated that healthy thin people are generally thin 

from having a lower burden of obesity-related genes, rather than because of any particular 

lifestyle superiority. Obese people, on the other hand, were described as ‘having the genetic 

dice loaded against them’. The team concluded that obesity and thinness are often genetically 

determined, especially towards the more extreme ends of the scale. 

Much has already been learnt from genetic research into obesity. As this field 

continues to grow, it is hoped that further investigation and publication of findings can offer a 

promising solution to the obesity epidemic.  

  

Behavioural 

Obesity, defined as a BMI over 30kg/m2, has been described by the World Health 

Organisation as one of the greatest public health challenges of our time (WHO, 2017). 

Obesity is linked to a significantly increased risk of developing heart disease, cancer, stroke 

and Type II diabetes, and recent work finds that obese individuals can expect shorter life 

spans than those of a healthy weight. Recent figures from Public Health England (2017) 

estimate that if current trends persist, obesity is set to overtake smoking as the leading cause 

of preventable death. As a consequence, obesity has received considerable medical research 

attention in recent years. Whilst many factors have been found to contribute to the 

development of obesity -including genetics and the environment - recent discoveries have 

highlighted that the most major influence of whether we develop obesity may lie in our 

individual lifestyle. 

Obesity has been broadly defined by NHS guidelines as the result of “eating too much 

and moving too little”, and more technically, when energy intake exceeds energy 
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expenditure. The average physically active man requires 2500 calories a day for energy 

intake, while the average physically active woman requires 2000 calories a day. While this 

may vary by height, build or ethnicity, these serve as general guiding rules. 

Collectively, our habits determine our weight - the NHS guidelines stress that obesity 

doesn’t occur overnight, but develops gradually through time, as a result of unhealthy diet 

and lifestyle choices. Examples include: consuming large amounts of processed or fast food 

high in fat or sugar, eating takeaways or dining out frequently, eating larger portions than 

needed, comfort eating, or drinking excessive amounts of sugary or alcoholic drinks. Physical 

activity also plays a role. In the present day, a typical day for many will involve work or 

study in front of computers, travel by car or bus, and for relaxation, watching TV, using 

social media or playing computer games. As a result, many of us are insufficiently active. If 

we overeat and are not active enough, the energy provided by the food we eat is not used up, 

and instead becomes stored as fat in our bodies, increasing our risk of later obesity, diabetes, 

heart disease and metabolic disorders. As obesity rates have risen in the last number of 

decades, it is suggested these behaviours and habits may be causing obesity in hundreds of 

thousands of us. 

Some have suggested that variations in genetics make it easier for some people to lose 

weight than others on particular diets, but research in recent years refutes these assertions. At 

Stanford University in 2017, over 600 overweight participants underwent genetic and insulin 

testing, before being randomly assigned to different healthy diets. Twelve months later, the 

participants had lost on average between 5-6kg regardless of their genes, insulin or specific 

diet type. Instead, eating healthily was the main predictor of weight loss, with those who ate 

more vegetables, and fewer sugary drinks, unhealthy fats and processed foods losing the most 

weight. 

Similarly, our activity levels can influence our weight. Longitudinal data has 

demonstrated that young people who are physically inactive (with high TV watching and 

computer game use) are up to 61% more likely to become obese than their more active peers. 

Practice of exercise however, can contribute to a healthy state. A recent study from the 

Swedish Karolinska Institute followed over 23000 citizens aged between 18-84 over eight 

years, monitoring their health behaviours and BMI over this time. The researchers found that 

those who had pursued leisure time physical activity were much less likely to become obese 

than those who had been relatively inactive over this time.  
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Much has already been learnt from behavioural research into obesity. As this field 

continues to grow, it is hoped that further investigation and publication of findings can offer a 

promising solution to the obesity epidemic. 

  

  

Early life epigenetic 

Obesity, defined as a BMI over 30kg/m2, has been described by the World Health 

Organisation as one of the greatest public health challenges of our time (WHO, 2017). 

Obesity is linked to a significantly increased risk of developing heart disease, cancer, stroke 

and Type II diabetes, and recent work finds that obese individuals can expect shorter life 

spans than those of a healthy weight. Figures from Public Health England (2017) estimate 

that if current trends persist, obesity is set to overtake smoking as the leading cause of 

preventable death. As a consequence, obesity has received considerable medical research 

attention in recent years. Whilst many factors have been found to contribute to the 

development of obesity -including genetics and the environment - recent discoveries have 

highlighted that the most major influence of whether we develop obesity may lie in our 

epigenetics. 

Every one of us is made up of trillions of cells, and almost every cell contains our full 

set of genes. Our genes give instructions for every function in our body, for example an 

instruction to store fat or to burn it. However, not all genes are being actively read at once, 

and this is where epigenetics comes in. Epigenetic refers to the layer of information above 

our genes that essentially controls whether genes are switched on or off. If switched on, the 

gene is expressed and its instruction is carried out, if switched off, the gene is silent. The 

expression of our genes can be turned up or down – and these patterns of gene expression 

have consequences for our health. 

Epigenetics has been described as the crucial link by which our environments and 

behaviour influence our health outcomes. Crucially, this process is time-sensitive. Recent 

research indicates that features of early life can program our epigenetics in a way that sets our 

risks for obesity and poor health later in life. 

For example, research suggests that if we are either over- or under-nourished before 

birth, our epigenetics can program the expression of genes relating to appetite, insulin and 

metabolism, increasing our risk of obesity. In 2013, a Dutch study compared individuals who 

had been undernourished in the womb with their adequately nourished siblings. Results 

showed that more than fifty years later, the undernourished-before-birth group demonstrated 
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181 changes in their epigenetic marks, and higher rates of obesity and heart problems than 

their siblings. Similar results have been found with over-nutrition before birth. Research 

suggests that this is because when obese women (or those consuming a high fat diet) become 

pregnant, a high level of circulating lipids and fatty acids cross over into the placenta, 

influencing the gene expression and development of the foetus’s growing brain, liver, skeletal 

muscle and fat tissue, in ways which promote the development of obesity. 

Exposure to chemicals can also influence our risk – recent work has indicated that 

early life exposure to ‘obesogenic chemicals’, such as cigarette smoke, bisphenol A and air 

pollution may influence gene expression in ways that alter our metabolism, increasing our 

risk of later obesity and related health problems. As obesity rates have risen in the last 

number of decades, it is suggested these nutritional and chemical exposures may be causing 

obesity in hundreds of thousands of us. 

However, not all exposures are harmful. Individuals who are breastfed may be 

protected against developing obesity. A recent review found that those who have been 

breastfed demonstrated increased expression of the leptin gene (which produces a hormone 

that signals to the brain when we are full). This is thought to be a partial explanation of the 

long-established link between breastfeeding and healthy weight in adulthood.   

Much has already been learnt from epigenetic research into obesity. As this field 

continues to grow, it is hoped that further investigation and publication of findings can offer a 

promising solution to the obesity epidemic.  

  

 

Adult epigenetic 

Obesity, defined as a BMI over 30kg/m2, has been described by the World Health 

Organisation as one of the greatest public health challenges of our time (WHO, 2017). 

Obesity is linked to a significantly increased risk of developing heart disease, cancer, stroke 

and Type II diabetes, and recent work finds that obese individuals can expect shorter life 

spans than those of a healthy weight. Figures from Public Health England (2017) estimate 

that if current trends persist, obesity is set to overtake smoking as the leading cause of 

preventable death. As a consequence, obesity has received considerable medical research 

attention in recent years. Whilst many factors have been found to contribute to the 

development of obesity -including genetics and the environment - recent discoveries have 

highlighted that the most major influence of whether we develop obesity may lie in our 

epigenetics. 
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Every one of us is made up of trillions of cells, and almost every cell contains our full 

set of genes. Our genes give instructions for every function in our body, for example an 

instruction to store fat or to burn it. However, not all genes are being actively read at once, 

and this is where epigenetics comes in. Epigenetic refers to the layer of information above 

our genes that essentially controls whether genes are switched on or off. If switched on, the 

gene is expressed and its instruction is carried out, if switched off, the gene is silent. The 

expression of our genes can be turned up or down – and these patterns of gene expression 

have consequences for our health. 

Epigenetics has been described as the crucial link by which our experiences influence 

our health outcomes. Collectively, our habits can determine our gene expression, and in turn 

our weight and health. One example of such a habit is our diet. Research has indicated that if 

we over-consume fat, sugar, or processed foods, our gene expression can change to result in 

poorer health. A recent Scandinavian research trial exposed healthy individuals to 5 days of a 

high fat overfeeding diet, and another five days of a control weight-maintaining diet. The 

results demonstrated that after just five days of this high fat diet, participants experienced 

changes in the expression of a total of 3713 genes, in particular those involved in metabolism, 

fat storage, insulin resistance and the development of Type II diabetes. There is evidence to 

suggest that if unhealthy diets persist over time, our gene expression can change to result in 

slower metabolism, impaired insulin response, and an altered immune function: all changes 

which promote the development of diabetes, obesity, heart disease, metabolic disorders and 

cancer. As obesity rates have risen in the last number of decades, it is suggested these 

behaviours and habits may be causing obesity in hundreds of thousands of us. 

By contrast, a healthy lifestyle can also influence our epigenetics and health. For 

example, in more than 15 recent studies, overweight/obese men and women were 

epigenetically tested before and after undertaking healthy diets for between 8-24 weeks. 

Those who followed the diet lost weight – and demonstrated changed gene expression in 

genes relating to obesity, diabetes, metabolism and immunity. Furthermore, when formerly 

obese individuals were able to maintain a new healthy weight for a period of months, 

subsequent analysis revealed their epigenetic profiles now resembled those of healthy weight 

individuals, rather than obese individuals. Exercise can have similar effects: whilst sedentary 

behaviour is associated with increased risk of obesity, recent research has found that even a 

small amount of regular daily exercise can produce epigenetic changes in nearly 4000 genes 

that influence obesity, metabolism and Type II diabetes. 
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Much has already been learnt from epigenetic research into obesity. As this field 

continues to grow, it is hoped that further investigation and publication of findings can offer a 

promising solution to the obesity epidemic.  
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Appendix B – Study 1 vignettes 

Genetic 

John is 35 years old and works in accounts. John has a BMI of 38, which means he 

classifies as having obesity. Recently, John signed up to have his genes evaluated as part of a 

paid university research study. As part of this, John and the other participants met with a 

scientist who specialises in genetics and had a blood test. Whilst the results of the study are 

yet to be published, each participant received a copy of their own results. John's results 

showed that he has a genetic profile consistent with obesity: John has many genes that have 

previously been linked to obesity.  

 

Behavioural 

John is 35 years old and works in accounts. John has a BMI of 38, which means he 

classifies as having obesity. Recently, John signed up to have his lifestyle evaluated as part of 

a paid university research study. As part of this, John and the other participants met with a 

scientist who specialises in diet and exercise physiology and had a blood test. Whilst the 

results of the study are yet to be published, each participant received a copy of their own 

results. John's results showed that he has a lifestyle profile consistent with obesity: John has 

many diet and exercise habits that have previously been linked to obesity.  

 

Epigenetic 

John is 35 years old and works in accounts. John has a BMI of 38, which means he 

classifies as having obesity. Recently, John signed up to have his epigenetics evaluated as 

part of a paid university research study. As part of this, John and the other participants met 

with a scientist who specialises in epigenetics and had a blood test. Whilst the results of the 

study are yet to be published, each participant received a copy of their own results. John's 

results showed that he has an epigenetic profile consistent with obesity: John has many 

epigenetic marks that have previously been linked to obesity.  
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Appendix C – Study 2 articles 

Text 1: Early life programming 

We all know people who appear remarkably young or old for their age. Recently, 

scientists have developed new methods of measuring the difference between our 

chronological age (our age in years) and our biological age (a measure of how well our 

bodies are functioning). Research from the University of Southern California, examining the 

DNA of over 4000 over-57 year olds, found that some individuals had a biological age of up 

to 48 years older than their actual age, whilst other so-called ‘super-agers’ appeared to be 

biologically in their twenties. In an attempt to understand this ageing process, research is 

turning to epigenetics.   

  

Introduction to epigenetics   

Each of us is made up of trillions of cells, and nearly all of these cells contain our full 

set of genes. Our genes give instructions for every function in our bodies, however not all 

genes are being actively read at once and this is where epigenetics comes in. Epigenetic refers 

to the layer of information above our genome that, at its most basic level, controls whether 

our genes are switched on or off.  

For example, if a gene is unmarked, it is able to be read, its instruction can be carried 

out, and the gene is said to be ‘switched on’. If epigenetic marks are added however, this 

gene is no longer accessible - and the gene is ‘switched off’ and silent. The activity of our 

genes can be turned up or down – and these patterns of gene activity have consequences for 

our health.   

  

Epigenetic clock   

Our epigenetic marks help the cells of our bodies to function as they should, by 

keeping our genes being read in ways which preserve our health, for example stopping the 

division of cells before they can form a cancerous growth. As we get older however, errors 

begin to form in this process. These errors may allow disease to develop. As we age, these 

errors accumulate and our risk of age-related diseases such as cancer, arthritis, Type II 

diabetes, Alzheimer’s and heart disease increases exponentially.   

Recently, scientists have been able to track this epigenetic ageing using a tool called 

the epigenetic clock. Developed by reading the epigenetic profiles of thousands of people, the 

epigenetic clock is able to predict a person’s age. But as noted by the University of Southern 

California, not everyone gets the same number as their actual age – some people’s clocks may 
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be fast, or slow. If you have a fast epigenetic clock, your body is ageing faster than usual for 

your age. Research finds that people with accelerated epigenetic aging are at higher risks of 

developing cancer, experiencing heart problems and all-cause mortality. If you have a slow 

epigenetic clock on the other hand, your body is ageing slower than the average person your 

age. A slow epigenetic clock has been found to predict a longer life and health-span – a 

recent study of Italian semi-supercentenarians (individuals who had reached ages between 

105-106) demonstrated these people were, on average, biologically eight years younger than 

their actual ages.   

  

Why do some people have faster or slower epigenetic clocks than others?   

Research suggests that there are critical periods of development that can ‘program’ 

our epigenetic marks, with short and long-term consequences for our health. The 

Developmental Origins of Health and Disease theory states that our experiences during 

infancy and early childhood are most important for this process, and that features of our 

environment as infants and young children may speed up or slow down our epigenetic 

ageing, programming our risk for later disease. Current studies suggest that our early 

nutrition, stress and chemical exposure are some of the strongest influences on this process.   

 

Nutrition: In relation to nutrition, recent work indicates that if we are under- or over-

nourished in the womb, this may speed up our epigenetic clock. For example, studies 

examining pre-natal nutrition have found that higher maternal BMI and higher maternal 

intake of saturated fat are associated with faster epigenetic ageing in children. Research 

suggests that this is because when high-BMI women (or those consuming a high fat diet) 

become pregnant, a high level of circulating lipids and fatty acids cross over into the 

placenta, influencing the gene activity and development of the foetus’s growing brain, liver, 

skeletal muscle and fat tissue. A maternal diet rich in micronutrients (vitamins and minerals) 

on the other hand, can help promote the health of children. The EMPHASIS (Epigenetic 

Mechanisms linking Pre-conceptional nutrition and Health Assessed in India and Sub-

Saharan Africa) trial is currently investigating epigenetic links between pre-conception 

nutrition and health-related outcomes in children, by offering women in Mumbai and rural 

Gambia a daily micronutrient-rich snack, and later measuring epigenetic and health outcomes 

in children.   
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Chemical exposure: Our chemical exposure in early life can also influence our 

epigenetic ageing: recent work has found that children of parents who smoke show faster 

epigenetic ageing than children of non-smokers, and that these differences found at birth tend 

to increase across childhood and adolescence. Forms of air pollution have also been found to 

be associated with faster epigenetic ageing. Scientists believe we are especially vulnerable to 

these exposures in our early lives because children breathe faster than adults, and have lungs 

and airways still developing.   

 

Stress: Finally, our early life stress may impact on our epigenetic ageing. Data 

published last month from the Avon Longitudinal Study of Parents and Children found that 

exposure to abuse, financial hardship, or neighbourhood disadvantage predicted accelerated 

epigenetic ageing, supporting similar findings of exposure to violence being associated with 

increased epigenetic age. Preliminary evidence suggests that stress in early life may speed up 

epigenetic ageing and disease processes by promoting the body’s stress systems (e.g. the 

‘fight or flight’ stress response) and immune function to become overactive. However, 

positive caregiving experiences after maltreatment may counteract some of these effects: in a 

study of children previously registered with Child Protective Services following allegations 

of maltreatment, it was found that children who took part in an Attachment and 

Biobehavioural Catch-up intervention (an intervention to improve parent-child relationships) 

demonstrated changes in gene activity related to cell signalling, metabolism and neuronal 

development, in comparison to a control group who did not receive the intervention.  

Much has already been learnt from epigenetic research into the processes of ageing 

and health. As this field continues to grow, it is hoped that further investigation in this area 

can offer greater insight into how we age, how to reduce disease and promote health.   

  

  

Text 2: Adult malleability 

We all know people who appear remarkably young or old for their age. Recently, 

scientists have developed new methods of measuring the difference between our 

chronological age (our age in years) and our biological age (a measure of how well our 

bodies are functioning). Research from the University of Southern California, examining the 

DNA of over 4000 over-57 year olds, found that some individuals had a biological age of up 

to 48 years older than their actual age, whilst other so-called ‘super-agers’ appeared to be 
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biologically in their twenties. In an attempt to understand this ageing process, research is 

turning to epigenetics.   

  

Introduction to epigenetics   

Each of us is made up of trillions of cells, and nearly all of these cells contain our full 

set of genes. Our genes give instructions for every function in our bodies, however not all 

genes are being actively read at once and this is where epigenetics comes in. Epigenetic refers 

to the layer of information above our genome that, at its most basic level, controls whether 

our genes are switched on or off.  

For example, if a gene is unmarked, it is able to be read, its instruction can be carried 

out, and the gene is said to be ‘switched on’. If epigenetic marks are added however, this 

gene is no longer accessible - and the gene is ‘switched off’ and silent. The activity of our 

genes can be turned up or down – and these patterns of gene activity have consequences for 

our health.   

  

Epigenetic clock   

Our epigenetic marks help the cells of our bodies to function as they should, by 

keeping our genes being read in ways which preserve our health, for example stopping the 

division of cells before they can form a cancerous growth. As we get older however, errors 

begin to form in this process. These errors may allow disease to develop. As we age, these 

errors accumulate and our risk of age-related diseases such as cancer, arthritis, Type II 

diabetes, Alzheimer’s and heart disease increases exponentially.   

Recently, scientists have been able to track this epigenetic ageing using a tool called 

the epigenetic clock. Developed by reading the epigenetic profiles of thousands of people, the 

epigenetic clock is able to predict a person’s age. But as noted by the University of Southern 

California, not everyone gets the same number as their actual age – some people’s clocks may 

be fast, or slow. If you have a fast epigenetic clock, your body is ageing faster than usual for 

your age. Research finds that people with accelerated epigenetic aging are at higher risks of 

developing cancer, experiencing heart problems and all-cause mortality. If you have a slow 

epigenetic clock on the other hand, your body is ageing slower than the average person your 

age. A slow epigenetic clock has been found to predict a longer life and health-span – a 

recent study of Italian semi-supercentenarians (individuals who had reached ages between 

105-106) demonstrated these people were, on average, biologically eight years younger than 

their actual ages.   
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Why do some people have faster or slower epigenetic clocks than others?   

Research suggests that our habits can determine our gene activity, influencing our 

epigenetic state and in turn our ageing and health. Current studies suggest that our nutrition 

and exercise, chemical exposure and stress are some of the strongest influences on this 

process.  

  

Nutrition: In relation to nutrition, recent work indicates that while higher BMIs are 

associated with increased epigenetic aging, consuming a healthy diet in adulthood (including 

fish intake, and fruit and vegetable consumption) has been found to predict a younger 

epigenetic age. In 16 candidate gene studies, overweight/obese men and women were 

epigenetically tested before and after undertaking healthy diets for between 8-24 weeks. 

Those who followed the diet lost weight – and also demonstrated changes in gene activity for 

genes involved in obesity, diabetes, metabolism and immunity. Furthermore, when formerly 

obese individuals were able to maintain a new healthy weight for a period of months, 

subsequent analysis revealed their epigenetic profiles now resembled those of healthy weight 

individuals, rather than obese individuals. Exercise can have similar effects: physical activity 

is associated with a younger epigenetic age, and a Scandinavian experiment has recently 

found that previously inactive individuals exercising for 20 minutes on an exercise bike each 

day for three months demonstrated epigenetic changes in nearly 5000 sites on the genome, in 

genes previously linked to obesity, metabolism and Type II diabetes.  

  

Chemical exposure: Our chemical exposure in adulthood can also influence our 

epigenetic ageing. Research indicates that smokers tend to show faster epigenetic clocks than 

non-smokers. However, a trial of over 5000 Australians recently found that individuals who 

stopped smoking were able to reverse the majority of their epigenetic changes, and after five 

years had profiles that more resembled never-smokers than current smokers. Our epigenetic 

ageing may also be influenced by our alcohol intake: if we occasionally or never drink we are 

likely to be epigenetically younger compared to habitual drinkers. 

     

Stress: Finally, exposure to stress has been linked to faster epigenetic ageing and 

disease. Findings have demonstrated that experience of trauma and cumulative life stress is 

predictive of epigenetic ageing, with those who have experienced more stressful life events 

over time showing accelerated epigenetic ageing. By contrast, the practice of meditation can 
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lead to slowing of the epigenetic clock. An analysis of long-term meditators found that the 

rate of epigenetic ageing slowed down with more years of practice, and that experienced 

meditators demonstrated changes in the activity of genes linked to neurological and 

psychiatric disorders, cardiovascular disease and cancer, which may help to explain links 

between meditation and improved mental and physical health outcomes. Short-term 

meditation practice is also linked to benefits - a recent small-scale study in which participants 

began to practice meditation for twenty minutes twice a day demonstrated a trend towards 

reduced epigenetic ageing at a 60 day follow up.  

 

Lastly, a clinical trial at UCLA is currently following the epigenetic age changes of 

5000 people practicing healthy lifestyles, to understand whether certain combinations of 

dietary intake, exercise or stress reduction practice can reduce epigenetic age to a greater 

extent than any one practice alone.   

 

Much has already been learnt from epigenetic research into the processes of ageing 

and health. As this field continues to grow, it is hoped that further investigation in this area 

can offer greater insight into how we age, how to reduce disease and promote health.   
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Appendix D – Study 3 Beliefs: full experimental texts 

 

What is epigenetics? 

Most of us are aware of our age in years, but fewer of us may be aware of how well 

our bodies are ageing in relation to this. With research indicating a person’s biological age 

can be over twenty years older or younger than their actual age, scientists are turning to 

epigenetics to understand the ageing process. 

 

Introduction to epigenetics   

Each of us is made up of trillions of cells, and nearly all of these cells contain our full 

set of genes. Our genes give instructions for every function in our bodies, however not all 

genes are being actively read at once and this is where epigenetics comes in. Epigenetic refers 

to the layer of information above our genome that, at its most basic level, controls whether 

our genes are switched on or off. 

For example, if a gene is unmarked, it is able to be read, its instruction can be carried 

out, and the gene is said to be ‘switched on’. If epigenetic marks are added, however, this 

gene is no longer accessible - and the gene is ‘switched off’ and silent. The activity of our 

genes can be turned up or down – and these patterns of gene activity have consequences for 

our health.   

 

Epigenetic clock   

Our epigenetic marks help the cells of our bodies to function as they should, by 

keeping our genes being read in ways which preserve our health, for example stopping the 

division of cells before they can form a cancerous growth. As we get older, however, errors 

begin to form in this process. These errors may allow disease to develop. As we age, these 

errors accumulate and our risk of age-related diseases such as cancer, arthritis, Type II 

diabetes, Alzheimer’s and heart disease increases exponentially.   

Recently, scientists have been able to track this epigenetic ageing using a tool called 

the epigenetic clock. Developed by reading the epigenetic profiles of thousands of people, the 

epigenetic clock is able to predict a person’s age. But not everyone gets the same number as 

their actual age – some people’s clocks may be fast, or slow. If you have a fast epigenetic 

clock, your body is ageing faster than usual for your age. Research finds that people with 

accelerated epigenetic aging are at higher risks of developing cancer, experiencing heart 

problems and all-cause mortality. If you have a slow epigenetic clock on the other hand, your 
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body is ageing slower than the average person your age. A slow epigenetic clock has been 

found to predict a longer life and health-span. 
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Appendix E – Study 4 Parenting Articles 

 

What is epigenetics? 

Most of us are aware of our age in years, but fewer of us may be aware of how well our 

bodies are ageing in relation to this. With research indicating a person’s biological age can be 

over twenty years older or younger than their actual age, scientists are turning to epigenetics 

to understand the ageing process. 

  

Introduction to epigenetics   

Each of us is made up of trillions of cells, and nearly all of these cells contain our full 

set of genes. Our genes give instructions for every function in our bodies, however not all 

genes are being actively read at once and this is where epigenetics comes in. Epigenetic refers 

to the layer of information above our genome that, at its most basic level, controls whether 

our genes are switched on or off. For example, if a gene is unmarked, it is able to be read, its 

instruction can be carried out, and the gene is said to be ‘switched on’. If epigenetic marks 

are added, however, this gene is no longer accessible - and the gene is ‘switched off’ and 

silent. The activity of our genes can be turned up or down – and these patterns of gene 

activity have consequences for our health.   

Epigenetic clock   

Our epigenetic marks help the cells of our bodies to function as they should, by 

keeping our genes being read in ways which preserve our health, for example stopping the 

division of cells before they can form a cancerous growth. As we get older, however, errors 

begin to form in this process. These errors may allow disease to develop. As we age, these 

errors accumulate and our risk of age-related diseases such as cancer, arthritis, Type II 

diabetes, Alzheimer’s and heart disease increases exponentially.   

Recently, scientists have been able to track this epigenetic ageing using a tool called 

the epigenetic clock. Developed by reading the epigenetic profiles of thousands of people, the 

epigenetic clock is able to predict a person’s age. But not everyone gets the same number as 

their actual age – some people’s clocks may be fast, or slow. If you have a fast epigenetic 

clock, your body is ageing faster than usual for your age. Research finds that people with 

accelerated epigenetic aging are at higher risks of developing cancer, experiencing heart 

problems and all-cause mortality. If you have a slow epigenetic clock on the other hand, your 

body is ageing slower than the average person your age. A slow epigenetic clock has been 

found to predict a longer life and health-span. 
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Individual parent behaviour condition 

Why do some people have faster or slower epigenetic clocks than 

others? Research suggests that from pre-conception through the first 1000 days of a child's 

life is a critical period for programming epigenetic marks, and that a child's nutrition and 

chemical exposure during this time predicts their epigenetic ageing and risk of later disease. 

Below are some findings on how people may influence their future children's epigenetic 

ageing and health, along with steps they can take to give their child a healthy start.  

 

Nutrition: Whilst a diet rich in vitamins and minerals can promote child health, overnutrition 

has been found to predict faster epigenetic ageing. For example, mothers with obesity or 

higher saturated fat intake during pregnancy are more likely to have children who age 

epigenetically faster. Research suggests this may be because of increased fatty acids crossing 

over to the placenta, influencing the growing foetus’s development and gene activity. People 

can look to counteract this by maintaining a balanced diet for their families with plenty of 

fruit and vegetables, from before conception through the early years of a child’s life. Healthy 

recipe ideas and food facts can be found on the Change4Life website or app. 

 

Chemical exposure:  Research has found that children exposed to cigarette smoke in the 

womb have a higher epigenetic age at birth, and smoke exposure across childhood increases 

epigenetic ageing further. Scientists believe we are especially vulnerable to smoke exposure 

in our early lives as children’s lungs and airways are still developing. People can aim to avoid 

or minimise chemical exposure from before a child’s conception and through their early life. 

For example, there are many resources and methods recommended for smokers aiming to 

reduce or quit smoking, such as nicotine replacement therapy, medicines to reduce cravings 

and local stop smoking services. 

  

Societal influences condition 

Why do some people have faster or slower epigenetic clocks than others? 

Research suggests that from pre-conception through the first 1000 days of a child’s life is a 

critical period for programming epigenetic marks, and that a child’s nutrition and chemical 

exposure during this time predicts their epigenetic ageing and risk of later disease. Below are 

some findings on how people may influence their future children’s epigenetic ageing and 

health. Whilst there are steps individuals can take to give their child a healthy start, this is no 
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easy task for many. People’s environments – from their geographical location, to their food 

access and income - can greatly influence their ability to take preventative steps. 

 

Nutrition: Whilst a diet rich in vitamins and minerals can promote child health, overnutrition 

has been found to predict faster epigenetic ageing. For example, mothers with obesity or 

higher saturated fat intake during pregnancy are more likely to have children who age 

epigenetically faster. Research suggests this may be because of increased fatty acids crossing 

over to the placenta, influencing the growing foetus’s development and gene activity. Whilst 

people can aim to maintain a balanced diet for themselves and their families, many UK 

families today live in areas without accessible healthy dietary options. Such areas tend to 

have an abundance of takeaways, fast food outlets and smaller supermarket chains offering an 

abundance of high-sugar, high-fat or processed foods, but little fresh fruit or vegetables. 

Additionally, individuals on low incomes may lack the money to regularly travel to larger 

supermarkets. All of this, in a context where unhealthy foods are also frequently advertised, 

may mean that many can find it difficult to live in a way that promotes healthy nutrition and 

epigenetic development for themselves and their children. 

 

Chemical exposure: Research has found that children exposed to cigarette smoke in the 

womb have a higher epigenetic age at birth, and smoke exposure across childhood increases 

epigenetic ageing further. Scientists believe we are especially vulnerable to smoke exposure 

in our early lives because children’s lungs and airways are still developing. Low income, 

poor housing, unemployment, nicotine exposure during one’s own childhood, financial 

pressure and stress all increase a person’s likelihood of smoking. Children of smokers, as 

well as those from low socioeconomic status families, are most likely to be exposed to 

tobacco smoke. 
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Appendix F – Study 4 Vignette 

Naomi and Matt are 32-year old parents of Jack, who is 3 years old. Recently, the 

family was selected for a paid national health trial exploring epigenetic ageing in early life. 

As part of this, Jack has a saliva test, and when the results are in, Naomi and Matt meet with 

a scientist who specialises in epigenetics to explain the results. Whilst the results of the study 

are yet to be published, each participant receives a copy of their own child’s results. Jack’s 

results show that he has a high epigenetic age; that he is epigenetically ageing faster than 

other children his age. This puts him at greater risk for health problems such as obesity, and 

non-communicable diseases such as heart disease, cancer and Type II diabetes later in life. 
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Appendix G – Study 5 Interview schedule 

Construct Question Prompts 

Motivations 1. So some people are browsing Muhdo, and 

come across epigenetic testing, other people 

might be interested in epigenetic testing, and 

then come across Muhdo. So just to start us 

off - what brought you to Muhdo? 

Can you tell me a bit more 

about that? How did you 

first hear about epigenetics? 

So you’ve been aware of it 

for a while/become aware of 

it quite recently? 

 

How did you first hear about 

the work that Muhdo do? 

Whereabouts did you first 

discover it? Was this: 

online? On the news? From 

a friend? On social media? 

2. What first made you consider getting your 

epigenetics tested?  

What about that felt 

important to you? 

3. [Perhaps summarise if they’ve mentioned a 

few things] What would you say was the 

main reason you ultimately decided to get 

your epigenetics tested?  

What were you looking to 

get out of the whole 

process? 

Great, thank you for that – so we’ve talked a 

bit about how you came to Muhdo and what 

made you interested in their services - and so 

moving onto the next section I’d now like to 

ask you a bit about when you first received 

those results.  

 

 

Sense 

making 

4. When you received your test results, what 

was your first reaction? 

How did you feel about the 

results? Were they as you 

expected? Was there 

anything that surprised you?  
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5. So I’m aware the Muhdo testing offers a 

number of different kinds of result – 

biological age, eye age, memory age, hearing 

age, inflammation, plus all the DNA results. 

Were there any of these results that stood out 

for you?  

What was it about that result 

/those results that captured 

your interest? Were there 

any others you paid 

particular attention to? 

Were there any results that 

surprised you? 

6. In relation to [the tests they’ve named as 

being of particular interest], what did it mean 

to you, to see those results?  

When interpreting the 

results, how did you explain 

them to yourself? Were you 

able to explain them with 

reference to any 

experiences, exposures or 

habits in your life so far?  

Lifestyle 

changes 

7. So after receiving your results from 

Muhdo, did you make or notice any changes? 

(This could be changes in the way you look 

or think about things, or changes in the way 

you live or your habits) 

Were there any changes you 

made in your lifestyle or 

habits?’ 

 

Would you say receiving 

those results affected the 

way you think about your 

health at all?  

 

(If yes) what made you 

decide to make those 

changes? And how did you 

make them? Were the 

changes something that your 

results feedback suggested 

or something that you 

thought of? Had you thought 

about making those changes 

before? What role did your 

https://muhdo.com/shop-uk/
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results from Muhdo play in 

your making those changes? 

Do you think you might have 

made them had you never 

done these tests? 

 Great – and so moving onto the last section of 

the interview, I’d like to talk a little bit about 

how you feel about your testing experience 

now. So: 

 

 

Sense 

making 

8. Reflecting on your experience of having an 

epigenetic test, what would you say have 

been the main things you’ve taken away from 

it?  

 

Can you tell me any more 

about that? 

9. Would you say there have been benefits of 

getting your epigenetics tested?  

What have been the benefits 

for you? 

10. Would you say there’s been any 

downsides?  

 

What were the downsides? 

11. On balance, do you think you’d consider 

getting tested again? 

(Ask why) 

(Closer) 12. That’s great, thank you. And so the very 

last question: overall, what would you say to 

someone who was thinking about having 

their epigenetics tested?  

 

Can you tell me a bit more 

about that? 
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Appendix H – Study 5 Transcription Notation 

Simplified version of Jeffersonian Transcription Notation, from Atkinson & Heritage 

(1984) 

• CAPITALS 

o  words spoken more loudly than surrounding talk 

• Underline  

o denotes emphasis on word/syllable  

• (.)  

o micropause, usually less than one second  

• (2.0) 

o for pauses longer than one second  

o e.g. 33 seconds → (33.0) 

• [text]  

o contains overlapping talk 

• ↑   

o rising or questioning intonation  

• ↓  

o falling intonation 

• (h)  

o for when a participant laughs during the interview 

• (.hhh)  

o audible inhalation  

• (hhh)  

o audible exhalation  

• :::  

o elongation of prior utterance  

• =  

o break followed by continuation of single interrupted utterance  

• -  

o Abrupt halt or interruption of utterance 

• ((text))  

o annotation of non-verbal activity 

• (inaudible)  

o for indistinguishable utterances  

• “text” 

o for when someone is reporting (i.e. quoting/mimicking another’s (or their own 

prior) speech 

• (text)  

o speech which is unclear/ in doubt in the transcript 

• >text<  

o enclosed speech delivered at a greater speed to individual’s usual speech 

• <text> 

o enclosed speech delivered at a slower speed to individual’s usual speech 

• °text°  

o whispered or markdly reduced volume speech 

• ,  

o Momentary rise or fall in intonation 

 




