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SUMMARY
Just as punctuation in a sentence can dramatically alter its meaning, changes in the way that DNA is ‘read’, can lead
to a range of interpretations from the same base sequence.
‘Epigenetics’ is the science of such changes in genetic ‘punctuation’.
Stress in the workplace may cause epigenetic changes in employees and potentially also their offspring. These
epigenetic changes may result in a range of disease impacts, including physiological and psychological.
With recent changes in workplace health and safety law in Australia, it is an opportune time to review how
workplace stress may result in transgenerational ripples of pathology and the liability this may place on employers.
Enterprises must therefore be aware of, understand and plan for the temporal spectrum of risks to their human
capital, if they are to also understand and manage their workplace health and safety legal compliance.
This paper is intended to stimulate discussion and adds to the body of literature regarding the impact of stress in
the workplace including its potential
employer liability implications.

Key Words
•

Epigenetics

•

Workplace stress

•

Transgenerational ripples

•

Employer liability

Key Points
•

Stress in the workplace may
be an important cause of
changes in gene expression
(epigenetics).

•

Epigenetics may result in
changes to workers’ offspring
and reproductive success.

•

New Australian workplace legislation states that employers must understand emerging workplace hazards.

•

Failure to manage the epigenetic effects of workplace stress may lead to transgenerational employer
liability.
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1 INTRODUCTION
E pigen etics
If DNA is the sentence, epigenetics is
the punctuation.

The epigenetic expression of genes can produce intended and unintended
outcomes depending on the epigenetic profile of the DNA. For instance, it
has recently been found that embryo implantation sets off an intended,
epigenetic-regulated process, that eventually turns off a key pathway
required for the immune system to attack foreign bodies.

However, interference with or inappropriate regulation of this epigenetic process can lead to unintended
pregnancy outcomes such as miscarriage, pre-term labour and preeclampsia (Nancy et al. 2012). Conversely,
epigenetic responses to environmental factors are now being implicated in a broad range of neurological,
physiological and behavioural disorders including autism (Schanen, 2006), schizophrenia (Khashan et al. 2008), Rett
Syndrome and other intellectual disabilities (Sanchez-Mut, Huertas and Estellar 2012), cancer (Samuelsson 2010),
rheumatoid arthritis (Nakano et al. 2012), cardiovascular disease (Ordovás and Smith 2010) and possibly Down
Syndrome manifestation (Gardiner 2004).
Happening at the same time that our knowledge of epigenetics is increasing, is a recent change to workplace health
and safety legislation with the model Work Health and Safety Act (the WHS Act) largely being adopted for
implementation in the states and territories of Australia.
The WHS Act stipulates substantial criminal penalties of jail or fines or both for those in positions of responsibility
(under the Act) who do not comply with the provisions of the Act. The WHS Act also places an increased focus
on the exercising of due diligence. Part of this due diligence is reflected in the need to understand hazards in the
workplace. The role of workplace stress in areas such as epigenetics should therefore be considered as one of
those emerging hazards.
Further evidence that psychological stress is not acceptable in contemporary society can be found in recent
changes to the body of family law with the introduction of the Family Law Legislation Amendment (Family Violence
and Other Measures) Act 2011 (Cth). This act, introduced in June 2012, amends the definitions of domestic violence
to include emotional manipulation including behaviours such as ‘repeated derogatory taunts’.
Employers therefore need to be aware that many workplace
behaviours, which are known to cause psychological stress, are
no longer acceptable.
Furthermore, should employers not move to understand the
emerging hazards associated with the impacts of stress, such as
epigenetic impacts on reproduction, we make a case that
employers could be found in breach of their statutory duties.
In this paper therefore, we explore the workplace legislative
environment, the implications of epigenetics on the health of
reproduction and future generations, and the programs that
could be put in place to help employers show due diligence
under the new workplace health and safety legislation.

Key P oin ts
•

Employers need to understand the effects of
stress in the workplace.

•

Stress influences epigenetic changes, which
may result in adverse, transgenerational
pathology ripples.

•

Employers need to understand the role of
epigenetics in the context of workplace health
and safety programs and legislation.

While written from an Australian perspective, this paper has relevance to all countries from a similar legal
evolution.
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2 CHANGES TO WORK HEALTH AND SAFETY LAWS IN
AUSTRALIA
Initiated by the signing of the Intergovernmental Agreement for Regulatory and Operational Reform in Occupational
Health and Safety (IGA) (COAG 2008) in 2008, the Council of Australia Governments committed each state and
territory to the implementation of model work health and safety legislation.
At a national level, Safe Work Australia is the national policy body with responsibility for developing and evaluating
the model work health and safety laws. Although the states and territories of Australia are responsible for
implementing and enforcing the model package within their own jurisdictions, implementation is currently not at
100% with Victoria and Western Australia yet to implement (Safe Work Australia 2013).
NSW has implemented the Work Health and Safety Act 2011 (WHSA) (NSW). Under WHSA, the duty of officers
to exercise due diligence, is clearly stated at Section 27(1). In contemporary legislation, there is an increasing trend
towards defining what is meant by ‘due diligence’ rather than leaving interpretations to the court. The WHSA sets
out the meaning of due diligence at Section 27(5) (see Box 1).
Box 1. Within Section 27(5) of the Work Health and Safety Act 2011 (NSW), due diligence is framed as
‘understanding risks’.
The meaning of due diligence is provided under section 27(5) of the WHSA. The description includes taking reasonable steps (bold is our
emphasis):
a)

to acquire and keep up-to-date knowledge of work health and safety matters, and

b)

to gain an understanding of the nature of the operations of the business or undertaking of the person conducting the business or
undertaking and generally of the hazards and risks associated with those operations, and

c)

to ensure that the person conducting the business or undertaking has available for use, and uses, appropriate resources and
processes to eliminate or minimise risks to health and safety from work carried out as part of the conduct of the business or
undertaking, and

d)

to ensure that the person conducting the business or undertaking has appropriate processes for receiving and considering
information regarding incidents, hazards and risks and responding in a timely way to that information, and

e)

to ensure that the person conducting the business or undertaking has, and implements, processes for complying with any duty or
obligation of the person conducting the business or undertaking under this Act, and

f)

to verify the provision and use of the resources and processes referred to in paragraphs (c)–(e).

At the heart of the due diligence model, is:
•

The requirement for responsible persons to have an understanding of work health and safety risks in their
context

•

The requirement for the controls for those hazards and risks to be in place and

•

The monitoring of those controls to ensure continuing protection of worker and ‘other persons’ health,
safety and welfare.

Key to having an understanding of risks (and hence their foreseeability) is the need to have a process of review in
place whereby emerging issues can be picked up and assessed for relevance as part of an enterprise’s operating
context. In the work health and safety context, this foreseeability is formalised in Section 27(5)(a) (Box 1). Hence,
it would not be a defence to an officer to claim ignorance for not understanding, assessing and managing emerging
work health and safety risks when Section 27(5)(a) so clearly states the contrary. One of those emerging work
health and safety risks is the potential transgenerational impact of stressful work practices through the mechanism
of epigenetics.
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3 EPIGENETICS – AN EMERGING TRANSGENERATIONAL
WORK HEALTH AND SAFETY RISK?
Literally, ‘sitting over the top of genetics’ – epigenetics is the study of how genes can be switched on or off, or
changes in their expression altered in other ways, through a variety of factors. While epigenetics’ initial focus was
on the affect of health and welfare at the individual and immediate offspring level, attention has now turned to
whether epigenetic changes can also be transferred to future generations. There are several research studies
providing evidence that certain factors are leading to epigenetic changes and transgenerational heritability across a
range of organisms, some of which are shown in Table 3-1.
Table 3-1. Examples of epigenetic changes and transgenerational impacts.
R ISK

D ESCRIPTION

The Dutch famine 1944–
1945
Nutrition

Review of studies on the
impacts of malnutrition

Early stress

Mice were exposed to
chronic and unpredictable
maternal separation from
postnatal day 1 to 14

Chronic social
defeat stress

Adult male mice were
exposed to chronic social
defeat stress

Caffeine
exposure

Human adrenocortical cell
line cultured with caffeine

O UTCOME
Many general health outcomes arose from the famine but
the main significance of this historical event was the ability
to monitor the effects on babies born to mothers who
were pregnant during this period.
Under-nutrition during gestation was found to affect
health in later life but the effects depend upon its timing
during gestation and the organs and systems developing
during that time of gestation.
Health effects observed included risk factors for
coronary heart disease, obesity and diabetes.
Epidemiological and animal studies have demonstrated a
close link between maternal nutrition and chronic
metabolic disease in children and adults.
Adverse effects of intrauterine growth restriction on
offspring can also be carried forward to subsequent
generations through covalent modifications of DNA and
core histones.
Unpredictable maternal separation induces depressive-like
behaviors and alters the behavioral response to aversive
environments in the separated animals when adult.
Chronic and unpredictable maternal separation alters the
profile of DNA methylation in the promoter of several
candidate genes in the germline of the separated males.
Most of the behavioral alterations are further expressed
by the offspring of males subjected to maternal
separation.
Both male and female offspring from defeated fathers
exhibit increased measures of several depression- and
anxiety-like behaviors.
Subtle transgenerational epigenetic changes might be
transmitted to future generations.
Significant increase of the cortisol production in cells.
Epigenetic effects (expressed as cortisol biochemistry
changes) still seen in cells up to 10 passages post caffeine
exposure.

R EFERENCE

Roseboom et al. (2001)

Wang et al. (2012)

Franklin et al. (2010)

Dietz et al. (2011)

Ping et al. (2012)

The science of epigenetics is clearly showing transgenerational implications of stressors. From a work health,
wellbeing and safety perspective, stress-generating practices in the workplace, such as bullying, expectations of long
hours and derogatory behaviours, have the potential to affect not only the employee but also lead to
transgenerational risks. These transgenerational ripples potentially create an ongoing work health and safety
responsibility for employers and hence, create potential ongoing liability issues. The onus is therefore now on
employers to understand these implications (Section 27(5)(a) obligations) and show how they are contextualising
them in their work health and safety risk mitigation programs.
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3.1 Environmental impacts
epigenetic changes

and

Central to the body of knowledge on epigenetics
are the types of environmental factors, which can
mediate
epigenetic
responses.
While
the
reproductive effects of environmental factors such as
smoking on reproduction are increasingly being
understood (Votavova et al. 2011), stress is also
emerging as an important environmental factor.
Stress, as well as having transgenerational
implications, has been linked to reproductive loss,
possibly due to epigenetic impacts (e.g. via
miscarriage (Nepomnaschy et al. 2006; Maconochie
et al. 2007) and placental failure (Uusküla et al. 2011)). Environmental influences have also been shown to cause
epigenetic changes in genetically identical twins (Gordon et al. 2012).
As a model for environmental influences, results emerging from Assisted Reproductive Technology (ART) research
suggest that stressors associated with the artificial environment employed in ART, is memorised long after embryo
implantations have occurred (Horsthemke and Ludwig, 2005; Fauque et al. 2010). Fauque et al. (2010) found
changes in the expression of the placenta as well as changes to the X-chromosome in mice embryos subjected to
assisted reproduction. Estella et al. (2012) found that embryo implantation may also be impeded or terminated
because of epigenetic changes in the genes associated with mediating the implantation pathway. As Katari et al.
(2009) point out, the epidemiological data show that IVF babies have “a greater relative risk of low birth-weight,
major and minor birth defects, and rare disorders involving imprinted genes”, suggesting the involvement of
epigenetic changes.
Molecular disturbances have been implicated in neurological and most psychiatric disorders including depression,
drug addiction and schizophrenia (Tsankova et al. 2007). As noted by Zambrano (2009), impacts from various
stressors during a critical period of foetal development may induce changes in DNA programming and adversely
alter not only the first generation of offspring but also future generations. Animal studies have helped to elucidate
stressors that may lead to epigenetic impacts including nutrient restriction or overfeeding during pregnancy and
lactation, uterine blood flow restriction and maternal diabetes (Zambrano. 2009) (see also Table 1 for more
examples of nutritional impacts on epigenetic outcomes).
A longitudinal Danish study looked at the incidence of schizophrenia in offspring born to mothers who had
experienced severe stress (including events such as the death or extreme illness of a loved one). The researchers
found that the risk of schizophrenia and related disorders was raised in offspring whose mothers were exposed to
the death of a relative during the first trimester and postulated that the environment may influence
neurodevelopment at the feto-placental-maternal interface (Khashan et al. 2008). Kashan et al. (2008) also noted
that severe adverse life events during pregnancy have been consistently associated with an elevated risk of low
birth weight and prematurity.
Similarly, Yehuda et al. (2005) showed that post traumatic stress disorder (PTSD) transgenerational effects related
to the stress hormone cortisol, could be observed in the babies of mothers exposed to the World Trade Center
attacks during pregnancy. Cortisol levels have also been implicated in very early pregnancy loss in humans
(Nepomnaschy et al. 2006).
Recent studies in mice have confirmed that exposure to stress in the womb results in impacts being passed on to
future generations of offspring. Morgan and Bale (2011) exposed pregnant mice to non-painful stressors such as
wet bedding, fox odour and multiple cage changes. Stress exposure in early gestation results in dysmasculinized and
stress-sensitive male offspring. Examination of gene expression patterns, during the perinatal sensitive period,
showed that genes important in neurodevelopment exhibited female-like patterns. The developmental effects in
the second-generation male offspring were associated with the transmission of a stress-sensitive phenotype and
shortened anogenital distance.
Early life stressors are implicated in epigenetic changes. Kinnally et al. (2011) exposed early life female bonnet
macaques and their mothers to stress. As adults, the macaques’ DNA was examined for epigenetic changes at the
whole of the epigenome level and specifically in a gene thought to be involved in the stress pathway (the serotonin
transporter gene). Behavioural responses to stress were also assessed. The study’s findings showed that increased
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DNA methylation was a risk factor for the behavioural response to stress, possibly due to a decreased plasticity in
the gene expression required early in development for adaptation to stress.
Epigenetic effects are also now being translated from the animal model to humans. Essex et al. (2013) investigated
the epigenetic effects of early developmental adversity in terms of DNA methylation in adolescence. Five types of
stress were assessed, these being depression symptoms; family expressed anger; parenting stress; role overload; and
financial stress. DNA methylation in the offspring of the study cohort at age 15 (109 children and their parents
were recruited from around Madison and Milwaukee, Wisconsin) was also analysed. This study was claimed as the
first linking adversities in childhood with epigenetic changes in adolescent genomic DNA (Box 2).
Box 2. Epigenetic changes in adolescent DNA linked to childhood adversities (Essex et al. 2013).
Parental stress data were collected during infancy and in the pre-school period. Epigenetic analysis of adolescents was undertaken. Four principal
findings from the research emerged:
a)

Maternal stress was associated with a broad and extensive range of epigenetic marks. Children whose mothers
were highly stressed in the child’s first year of life, showed significantly higher levels of DNA methylation than those less exposed to
stress.

b)

Adversity experiences of both mothers and fathers had an epigenetic affect on adolescents but at differing
developmental timeframes. Maternal stressors were more predictive of epigenetic change during the infancy timeframe and
paternal stressors more predictive during the pre-school years.

c)

The patterning of epigenetic marks varied by gender of parent and child. Fathers’ reported stressors were more
strongly correlated with epigenetic modifications in girls whereas mothers’ reported stressors related to both girls and boys.

d)

A simple process was used to collect tissue for analysis. The researchers were able to use mouth swabs for epigenetic
analysis therefore offering a simple tissue collection method for ‘social contextual, exposure-related epigenetic analysis’. This process
has implications for employers as it is a method (ethics not withstanding) that could easily be used in the workplace should
epigenetic analysis be required.

In 2009, McGowan et al. examined the effects of epigenetic regulation of the glucocorticoid receptor (GCR). This
receptor binds, among other things, the stress hormone cortisol and is involved in the regulation of genes, which
control the immune response, development and metabolism. Central to the expression of the GCR is the
hypothalamic-pituitary-adrenal (HPA) function. HPA function is emerging as a fundamental component of
epigenetic expression and changes. McGowan et al. (2009) looked at translating previous research in rats, which
had shown how maternal care influences HPA function, into humans.
It is known that survivors of child abuse have an altered HPA stress response and an increased risk of suicide.
McGowan et al. (2009) completed post mortem examinations of the hippocampi from suicide victims who had
experienced childhood abuse compared with suicide victims who had not experienced childhood abuse or
controls. The controls consisted of individuals experiencing sudden or accidental death, with no history of abuse.
Specifically, the researchers focussed on epigenetic differences in the neuron-specific GCR promoter – NR3C1.
Among other findings, the researchers showed decreased levels of GCR mRNA as well as increased methylation
(of cytosine) of a promoter of NR3C1. McGowan et al. (2009) noted that the findings were consistent with
previous studies in rats, suggestive of a common effect of the parental care of offspring on epigenetic regulation of
HPA function and its corresponding GCR expression.
Results obtained by Radtke et al. (2011) and Jiang et al. (2012) also support the importance of epigenetic changes
in the HPA axis and GCR. Radtke et al. (2011) looked at the transgenerational impact of intimate partner violence
(IPV) on methylation of the promoter of the GCR. IPV was assessed using a validated questionnaire (composite
abuse scale to assess the degree of domestic violence) administered by experienced clinical psychologists within
the areas of severe combined abuse, physical abuse, emotional abuse and harassment. Blood samples were taken
from mothers and offspring and subjected to genetic analysis to determine methylation patterns.
By examining epigenetic changes in the GCR gene coupled with the incidence of IPV, the researchers were able to
show that while epigenetic changes were not evident in the mother, methylation of the GCR promoter occurred in
offspring exposed to IPV while in utero. The implications therefore are that offspring born to mothers who are
exposed to IPV in utero, develop epigenetic changes not inherited from their parents, presumably as a result of
stress, which can translate into behavioural issues later in life.
Similarly, research conducted by Jiang et al. (2012) support the sensitivity of the HPA axis to in utero epigenetic
programming, specifically in relation to diet. These researchers looked at the effect of maternal choline intake
during pregnancy. It has long been known that diet plays an important part in the development of the foetus.
Choline, along with betaine and folate, provide a source of methyl groups, which in turn play a role in epigenetic
programming. Jiang et al. (2012) reviewed the impact of the dietary intake of maternal choline with the epigenetic
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impacts on genes, which regulate the foetal HPA as well as the epigenomic status of foetal-derived tissues. The
researchers found that dietary intake of choline, specifically in the third trimester of pregnancy, up-modulated the
level of methylation of the GCR gene NR3C1. Importantly, the researchers postulate that dietary supplementation
of choline may play a therapeutic role in mitigating the effects of stress in utero and help to prevent HPA issues
which may manifest as various pathologies in offspring into adulthood. This finding has obvious ramifications for
workplaces in which pregnant women may experience stressful work environments and the workplace health and
wellness programs, which employers have chosen to put in place.

3.2 Transgenerational heritability of epigenetic changes
While there is a large body of knowledge supporting offspring-related epigenetic changes, the case for
transgenerational heritability of epigenetic changes is currently less certain but is also emerging through a series of
empirical studies and modelled data. In this section we present the emerging evidence base for transgenerational
epigenetic heritability.
In 2011, Furrow, Christiansen and Feldman applied a mathematical modelling approach to investigating the
epigenetic impacts on the heritability of complex human diseases. Based on their findings, Furrow, Christiansen and
Feldman (2011) concluded that epigenetic factors could indeed play a pivotal role in the statistics of complex
diseases with epigenetic factors having influences potentially as great as those of genetic contributions.
However, for changes to be passed on to the next generation, epigenetic changes need to be conserved in the
primordial germ cells (eggs and sperm) and consequently passed on to offspring. These primordial germ cells
(PGC) are thought to undergo epigenetic reprogramming either via expansion or entry into the gonads and also
during early embryo development. So how can epigenetic changes be inherited if the equivalent of an ‘epigenomic
clean slate’ is thought more likely the case? The molecular mechanism by which epigenetic changes may be
inherited is now starting to be understood.
In 2012, using molecular analysis of key stages of PGC development, Seisenberger et al. examined how genomewide DNA methylation reprogramming occurred in mouse PGCs. As mentioned above in the HPA studies,
epigenetic changes of promotor regions in the genome are important for regulating the expression of genes.
Promotor regions of genes are generally characterized by cytosine-guanine rich areas or islands (CGIs) (Saxonov,
Berg and Brutlag 2006).
Seisenberger et al. (2012) were able to show that some specific CGIs remain methylated at all stages of the PGC
development including into mature eggs and sperm. Interestingly, they also found that the CGIs escaping demethylation were more common in sperm than in eggs, suggesting a bias against reprogramming in the male
germline.
In 2010, work published by Pembrey was a precursor to the male reprogramming bias seen by Seisenberger et al.
(2012). Pembrey (2010) reviewed Swedish and British work, which looked at transgenerational correlations
between food supply during the early life of the paternal grandparents and the grandchild’s longevity and the onset
of paternal smoking in mid-childhood and the body mass index of future sons. While the underlying molecular
mechanism of the associations was not defined, it was speculated that an epigenetic transgenerational inheritance
mechanism was at their route. Seisenberger et al. (2012) postulated that CGIs may escape epigenetic
reprogramming and provide a mechanism for epigenetic inheritance (and thus may have been at play in the
associations noted by Pembrey (2010)).
Daxinger and Whitelaw (2012) published an extensive review suggesting that while likely to be rare (largely
because of the biological advantages conferred by epigenetic reprogramming), transgenerational epigenetic changes
can occur via the gametes (PGCs). However as they note, the exact molecular mechanisms of heritability are still
to be determined and may even include the extra-nucleic affects of RNA as a candidate as well as looking for
epigenetic marks on DNA.
Montfoort et al. (2012) in reviewing the link between ART and epigenetic inheritance, concluded that ART can
induce epigenetic variation. They noted however that the evidence base for epigenetic inheritance, is currently
stronger in mice than men but is likely to be borne out with further research.

3.3 Epigenetics and workplace practices
While the studies cited here do not definitively associate workplace practices with epigenetic changes and their
transmission in offspring, there are many examples of workplace stressors, which could have an epigenetic affect.
Bullying, sexism, racism, expectations of long hours, all are significant stressors known to occur in the workplace
and which have been studied in different settings. For instance, a recent study of children from mothers exposed to
severe prenatal adversity (assessed using standardised approaches such as the Family Adversity Index) as well as
maternal mental health status itself, showed that these mothers’ children are more likely to become the target of
peer victimisation (Lereya and Wolke 2012). While learned behaviour was not totally excluded, the authors
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strongly suggested an HPA axis involvement in the developing foetus. Similarly, Lam et al. (2012) found that earlylife poverty (low socio-economic status) and adult stress (perceived stress and cortisol output) were correlated
with DNA methylation.
For the things that can be measured and diagnosed, various studies have shown that job stress is a significant
burden on employees (Nelson and Quick 1985; Nelson and Burke 2000; Limm et al. 2010). However, what about
the factors that we are only just beginning to understand, like those of epigenetics, how does an organisation deal
with those?
Most organisations now embed risk management principles and practices, usually within an overarching Enterprise
Risk Management (ERM) framework (e.g. Davison 2011). However, risk consequence descriptions for workplace
health and safety issues generally only consider
employees in terms of a ‘single hit’ theory i.e.
the employee, not the employee’s offspring,
grandchildren or further.
The potential intergenerational fallout from
workplace stressors appears yet to be
considered at a workplace health and safety
level. However, given the increasing ability to
monitor for and accurately measure the
impacts of epigenetic affects, tests could
become routinely available for measuring
baseline and impacted worker epigeneticaffected profiles, in the not too distant future.
Whether such tests would or should be used
in the workplace however, raises ethical issues,
which are not considered in this paper.
It will, however, be necessary for boards to
review how workplace health and safety risk
appetite and tolerance are identified and set
within their own enterprises as a first step in
facilitating demonstration of their due diligence
in this area. The positive item for organisations
is that managing stress, through evidencebased workplace programs, should facilitate the mitigation of potential epigenetic outcomes. It is therefore essential
to have and report on, appropriate parameters to test the effectiveness of workplace health and wellness programs
as a way of showing due diligence and satisfying statutory duties. As can be seen from the studies above, it will also
be important to show that workplace health and wellness programs are tailored not only to the appropriate groups
in the workplace, but also to gender specificity within those groups.
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4 MANAGING THE RISK – OPTIMISING WORKPLACE
WELLNESS
Workplace wellbeing (defined here as emotional, mental, physical and spiritual health) and workplace wellness have
largely become a focus of organisations in the last ten years. Integrated with compliance to workplace health and
safety laws and policy and good HR practice, the safety and wellbeing of employees has resulted in an increased
emphasis on workplace health benefits including free or discounted gym memberships and health checks for some
employees. Indeed, the World Health Organization (WHO) has recognised the workplace as a key avenue to
promote good health and has put forward a healthy workplace model consisting of four main areas, one of which
is how an enterprise interacts with its community (Burton 2010):
• Physical Work Environment
• Personal Health Resources
• Enterprise Community Involvement
• Psychosocial Work Environment
The community obligations of managing the workplace-derived health and wellbeing impacts of future generations
are therefore fundamental underpinning elements of the WHO’s model.
What is unclear, however, has been how responsibility for the wellbeing of an individual should be apportioned
between the employee and the employer (including directors, CEOs and business managers) – what does the
continuum of responsibility look like? When is ‘obesity’ or smoking because of stress the responsibility of the
employer and when the employee? When is stress able to be attributed to the workplace and not to an out of
work crisis? How does an enterprise manage the wellbeing of a contractor or volunteer?
What is needed is for employers to demonstrate, first, how they have identified and assessed their workplace risks
(within an appropriate scope). Once risks have been identified and prioritized for action, the employer then needs
to show how they have selected and implemented sound, evidence-based workplace health and wellness programs
tailored to the identified risks and, where required, tailored for individuals. For an enterprise, solutions therefore
include the following:
•

Access for all employees to education

•

Matching health and wellbeing programs to the identified risk profile

•

Access for all employees to support and encouragement to seek support

•

Support for all managers to facilitate management of the wellbeing of their staff (example: no alcohol
offsites)

•

Communicating and embedding the business case and wellness culture across the enterprise

•

Attaining a ‘full personal responsibility’ wellbeing culture as an essential component of risk mitigation

As a component of workplace health and wellness program implementation, it is important for the employer to
assign responsibilities for each program as part of a shared employer-employee workplace health and wellness
responsibility (without neglecting the legal compliance responsibilities of the employer). Responsibility can be
captured in a number of tangible ways including being written into position descriptions, the assignation of key
performance indicators and the goals for those indicators.
The final piece of the puzzle is the need to have pre-identified indicators for each health and wellness program that
can be monitored for effectiveness and in the case of epigenetic impacts, act as a surrogate measure of risk
mitigation. The Chartered Institute of Personnel Development (CIPD) in the UK succinctly describes overarching
‘states’ of positive and negative wellbeing continua (Figure 4-1). While it is sometimes complex to develop a useful
set of indicators, these states of negative and positive wellbeing could be used to help guide an enterprise in
designing indicators of workplace wellbeing.
At a minimum, an enterprise should include the measurement of:
•

The current health and wellness state of the workforce
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•

The risk from employer to employee (e.g. high stress, low exercise, low education opportunities, offspring
and transgenerational epigenetic ripples)

•

The health and wellness profile of each individual

•

The risk tolerance of the enterprise

Figure 4-1. The continuum of positive and negative wellbeing states (modified from CIPD, 2007).

An example of a simple approach to measuring and monitoring an employee’s health and wellness, at what we
have termed a ‘Critical Health and Wellness Focal Point’, is provided in Table 4-1. While the example in Table 4-1
does not include measurement of epigenetic impacts themselves, it includes simple and easily measurable indicators
and limits that may be proxies for epigenetic changes caused by stress such as verbal outbursts and increasing
hypertension. Other potential stress indicators that could be monitored include sleep (number of hours achieved,
early wakening and getting to sleep) and self-medication (e.g. number of alcoholic drinks, frequency of alcoholic
drinks).
With the body of scientific knowledge increasing, it is likely that more accurate indicators (type and level) will be
developed and used to tailor evidence-based health and wellness programs, targeted to managing epigenetic
impacts. As we have shown in our example (Table 4-1) however, indicators do not necessarily need to be
complicated to be useful, but the approach to their measurement as well as the understanding of risks, does need
to be systematic and trends identified and acted on.

4.1 Economic benefits of health and wellness programs
While intuitively having a healthier and more engaged workforce makes good economic sense, enterprises which
have introduced sound, evidence-based health and wellness
programs have reported multiple benefits including:
E co no mic be nefi ts

•

Decreased absenteeism

•

Decreased presenteeism

•

Increased talent attraction

•

Increased productivity

•

Alignment of personal and workplace individual goals

•

Increased employee engagement

Healthy employees equal a 28% reduction in
absenteeism (Thorpe and Ogden 2008).
The healthiest 25% of the workforce is some 18%
more productive than the least healthy quarter
(ESRC 2006).
Workplace health programs can yield high return
on investment – more than $5:1 in some studies
(Thorpe and Ogden 2008).
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In fact, it has been reported that the healthiest 25% of the workforce is some 18% more productive than the least
healthy quarter (ESRC 2006). Some studies have shown a return on investment of workplace health programs of
over $5:1 (Thorpe and Ogden 2008).
However, the CIPD (2007) reports that the biggest stumbling blocks to developing and implementing workplace
wellbeing initiatives were:
•

Lack of resources and

•

Failures in gaining senior management buy-in.

In the case of the potential transgenerational epigenetic ripples from workplace stress, enterprises would be highly
unlikely to claim ‘lack of resources’ and ‘failure to gain management buy-in’ as a legal defence for not implementing
appropriate programs.
Table 4-1. Example ‘Critical Health and Wellness Focal Point’ for emotional/mental states.
Critical Health and Wellness Focal Point:
Risk/s Controlled:
Control Measures included in Health and Wellness
Program:
Monitoring
What

Purpose
Where
How

Behavioural changes.
To determine behavioural manifestation
of stress.
At work and home.
Observation.
Daily to weekly.

Emotional/Mental
Stress, anxiety
Meditation, relaxation, time management, exercise, good nutrition
Limits
Target

Rare or no verbal outbursts at the
children and/or spouse.

Alert

Increasing frequency of verbal
outbursts at the children and/or
spouse.

Critical

Verbal outbursts at children and/or
spouse are increasingly the norm.

Target

110/70 (or 'normal' healthy range
for person).

Alert

Increase in BP from 'normal'.

Critical

BP reaches levels agreed hazardous
with medical doctor.

When
After work.

Who

Self.

What

Blood pressure.

Purpose
Where
How
When

Who

Agreed corrections,
appropriate to limit
reached, to bring
behaviour back under
control.

No correction
required, maintain
agreed programs.

To determine cardiovascular
manifestation of stress.
At home.
At clinic.
Blood pressure monitor.
Weekly (self).
Quarterly (medical doctor).
Self.
Medical doctor.
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Correction
No correction
required, maintain
agreed programs.

Agreed corrections,
appropriate to limit
reached, to bring BP
back under control.
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5 CONCLUSIONS
In this paper we have presented evidence to support in utero epigenetic effects, post partum epigenetic effects and
a new but growing body of evidence implicating epigenetic heritability.
As noted by Novacovic and Saffery (2010), the placenta is the ‘gateway’ to the fetus, and is subject to innumerable
and potentially adverse environmental factors, each with its own potential to alter epigenetic and gene expression
profile at the placental level. There is a strong body of evidence suggesting that stress can be an important factor in
causing such epigenetic changes.
As shown in this paper, epigenetic changes are strongly implicated in reproductive issues such as implantation
difficulties and adverse physiological and psychological outcomes in offspring. With more and more women leaving
reproduction until later in life, an awareness needs to be created not only of the impacts of age on reproduction
but also of the potential cumulative impacts of workplace stress on reproduction and the ripple effect of epigenetic
impacts. Men are also not immune from the ‘healthy’ reproduction debate with some epigenetic impacts, as we
have seen, being conserved and passed down in the male germline (Seisenberger et al. 2012; Pembrey 2010).
Employers need to understand their increased liabilities under the new workplace health and safety laws and
ensure that they discharge their responsibilities. The new law makes it clear that employers need to understand
emerging hazards, such as the influence of workplace stress on epigenetics and flow on impacts to offspring (and
potentially future generations), and respond to them with programs, which are reasonably practicable to
implement.
In its most simple form, a best practice, risk-based workplace health and wellness program should include the
elements of understanding, assessing, managing and reviewing risks (Figure 5-11). This approach would help an
enterprise show that it was following due diligence in managing worker health (and wellbeing).
With an increasing ability to measure epigenetic changes and outcomes (such as genomics, proteomics,
epigenomics or metabolomics e.g. Rull, Nagimaja and Laan 2012), the corresponding ability to routinely monitor for
and measure the molecular effects of workplace stress, on a pragmatic and longitudinal basis, is therefore probably
not far away. In fact, in the future, the potential exists for epigenetic parameters to be monitored alongside the
suite of traditional health parameters such as blood pressure and cardiac health, to provide not only an overall
picture of employee workplace health, but also to establish a baseline for liability purposes.
Employers should also be aware that a call for understanding epigenetic effects in a legal and ethical framework is
starting to increase (e.g. Rothstein, Cai and Marchant 2009; Khan, 2010). Khan (2010) notes that as our
understanding of the epigenetic impacts of substances grows, so should our approach to their regulation, as a
component of intergenerational equity. Similarly, the epigenetic impacts of workplace harms should also be
considered not just in the area of tort law, but also from a regulatory perspective as outlined in Section 27(5) of
the WHSA.
The potential epigenetic impacts from workplace stress provided in this paper are an example of an issue, with
which employers will need to be aware and manage appropriately. This issue also highlights the need for an
objective, transparent, measureable and educative approach to personal and employer responsibility for health and
wellbeing in the workplace.
In conclusion, a strong strategic and risk-based approach to the wellbeing of the workforce mitigates risk factors for
employers, promotes a positive cultural engagement in the workplace and helps to demonstrate a due diligence
approach to the management of potential epigenetic and other workplace health and wellbeing impacts.

1

ISO 31000:2009 (Risk management – Principles and guidelines) is an international standard, which sets out a principles-based approach to
assessing and managing risk.
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Review Risk Appetite Statements for
Epigenetic-related Workplace Health and
Wellness Outcomes. Revise if necessary.!

Revised Risk Appetite Statement!

Use Risk Appetite Information to
Amend the Risk Matrix and ERM
Framework including review of Key
Objective Measures for dashboard
reporting on Workplace Health and
Wellness.!

Revised Risk Matrix!
Revised Key Objective Measures!

Re-assess Workplace Health and
Wellness Risks based on knowledge
relating to Epigenetic Impacts.!

Revised Risk Register!

Use Risk Treatments identified above
to build a Workplace Health and
Wellness Improvement Plan. Set
program-specific KPIs.!

Workplace Health and
Wellness Improvement Plan!

Implement Programs identified in the
Workplace Health and Wellness
Improvement Plan.!

Implemented Workplace Health
and Wellness Improvement Plan!

Assess Effectiveness of the Workplace
Health and Wellness Programs using the
program-specific KPIs and compare against
the Key Objective Measures.!

Effectiveness of Workplace
Health and Wellness
Improvement Plan Assessed!

Compile Dashboard Report for
Executive Management Team and Board
review.!
Review and Continuous
Improvement!

Clear Workplace Health
and Wellness Dashboard
Reporting!

Ongoing Demonstration of
Proactive Workplace Health and
Wellness Due Diligence!

Figure 5-1. Example steps (left) involved in understanding epigenetic health and wellness risks within an
ERM framework and their tangible outcomes (right).
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