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ABSTRACT
A consultation exercise was undertaken with UK embryologists to construct knowledge
of the occupational health issues they experience in everyday practice. Data were obtained
from 223 eligible survey responses. Work-related ill health was self-reported by 58.3%
of respondents, 76.2% of whom reported multiple issues. The most frequently disclosed
ill-health conditions were musculoskeletal disorders (45.3%) and stress and mental health
problems (27.8%). Other issues with an incidence above 3% were ocular and auditory
problems and needlestick and liquid nitrogen injuries. Shoulder injury or pain
correspondingly increased in incidence with length of time in service. Absence from work
and/or light duties were necessitated for 34.5% of those affected. Assessment of the
evidence base for these work-related ill-health conditions explored contributory and
ameliorating factors, which enabled a series of evidence-based recommendations to be
formulated via the adoption of a GRADE-based framework.

KEYWORDS: healthcare science, occupational health, embryologists, reproductive
scientists, qualitative survey, workplace stress, musculoskeletal disorders, in vitro
fertilisation (IVF).
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Introduction
Annual Health and Safety Executive (HSE) statistics for the United Kingdom (HSE,
2019) revealed 1.4 million workers suffering from work-related ill-health, the most
commonly reported issues being stress, depression and anxiety and musculoskeletal
disorders (MSDs). Overall, work-related ill-health in the UK led to 23.5 million working
days lost in 2019, costing fifteen billion pounds. Moreover, health and social work
professions have significantly higher rates of work-related ill health than most other
industries.
Regulators, professional bodies, employers and employees have a shared
responsibility to safeguard the wellbeing of the workforce. In this Policy and Practice
paper, the Association of Reproductive and Clinical Scientists (ARCS) aims to assess the
prevailing occupational risks for reproductive scientists and propose the best practice to
mitigate them. This involved a workforce occupational health consultation, a review of
the evidence base and legislation regarding commonly reported issues and a series of
recommendations.

Materials and methods
In January 2018, the membership of the Association of Clinical Embryologists (ACE)
(which was incorporated into ARCS in January 2020 (see Kasraie et al., 2020)) was
consulted about their experiences of occupational health issues. An anonymous, online
survey (see Supplementary Material) was emailed to all 405 ACE members, and data
were collated from the responses received. To preserve the anonymity of respondents,
infrequent health events were recorded as broad categories.
For each occupational health issue recorded, the published evidence base for
work-related factors was explored using searches of PubMed and APA PsychNet.
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Information, guidance and requirements from relevant UK bodies were also collated. The
Grading of Recommendations Assessment, Development and Evaluation (GRADE)
system (Guyatt et al., 2008) was adapted for use in this context (summarised in Table 1).
Since the use of any grading system is inherently subjective, this paper was distributed to
the ARCS Executive Committee for critique prior to final drafting and manuscript
submission.

Results
A total of 252 survey responses were received (response rate 62.2%). Only respondents
who worked/trained as embryologists were eligible for inclusion and incomplete
responses were excluded (see Figure 1). Although data was collated from a cohort of
embryologists, it is generalisable to all clinical reproductive scientists since modern IVF
laboratories also include andrologists, practitioners and/or technicians sharing the
caseload. The 223 eligible responses were employed in 80 different Human Fertilisation
and Embryology Authority (HFEA) licensed treatment centres in the UK. In addition, 6
responses were obtained from embryologists working outside the UK. Over half of the
respondents (56%) had over 10 years of experience (see Table 2).
A total of 58.3% of respondents reported that they had experienced work-related
ill-health. Given nine ill-health categories and free text for other issues, 76.2% reported
having suffered more than one issue and 14.6% listed additional issues (see Table 3). The
incidence of ill-health was reported (Table 3, Figure 2) and a Friedman test comparing
frequency across categories found a significant difference (Χ2 (8) =214.428, p<0.001).
Specifically, Dunn-Bonferroni post-hoc tests revealed higher frequencies of back
pain/injury (<0.001), stress/mental health (<0.001), neck pain/injury (<0.001),) and
shoulder pain/injury (<0.001) compared to other categories.
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Of those with incidences of ill-health, 91.5% answered regarding the impact on
their work; of these 34.5% required leave or light duties. Short-term absence (less than 1
month) was the most frequent amount of sick leave (16.8%). There were no significant
associations between the ill-health categories identified and the length of time absent.
Since the majority of reproductive scientists experienced work-related ill-health,
assessment and control of risks should become a priority. Moreover, this is required by
the UK Health and Safety at Work etc Act (1974), HFEA Licence Conditions (HFEA,
n.d.), HFEA Code of Practice (HFEA, 2019), Health and Care Professions Council
(HCPC) Standards of Proficiency (HCPC, 2014), ACE Guidelines (Hughes, 2012) and
ARCS Code of Professional Conduct (ARCS, 2019). This study permitted the evaluation
of the evidence base and the proposal of key recommendations regarding the most
prevalent occupational health issues identified (summarised in Table 4).

Musculoskeletal disorders (MSD)
The most commonly reported issue for respondents was back pain/injury (28.3%).
Incidents of shoulder pain/injury and neck pain/injury were also high (27.8% and 25.6%
respectively) and 29 respondents reported repetitive strain injuries (13%). Combined,
MSDs were the most frequently reported (45.3% of respondents). High rates of MSDs
were also identified in research with Spanish embryologists (López-Lería et al., 2014).
If workplace stressors were having a cumulative impact, a relationship between
length of service and incidence of MSD would be anticipated. However, there were no
associations between back pain/injury (Χ2 (4) =8.110, p=0.088) and neck pain/injury (Χ2
(4) =9,122, p=0.058) but there was a significant association between shoulder pain/injury
and length of service (Χ2 (4) =11.607, p<0.05). Post-hoc tests with Bonferroni adjustment
found differences between 0-5 year (5.3%) compared to 5-10 (35.1%) and 15-20 years
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(26.3%) of experience. Cramér's V (0.228) suggests a medium-sized effect.
Some professions have greater levels of work-related MSDs. Roles involving
repetitive tasks, static postures, or working with raised arms or hands are particularly
problematic (Hagberg & Wegman, 1987) and this can be influenced by psychosocial
workplace factors (J.H. Andersen et al., 2007). The rate of work-related MSDs in
surgeons (42%) is high (Grant et al., 2020). Occupational risks which cannot be
eliminated may be partially mitigated by physical or psychological exercises (Jay et al.,
2015) or periodic mini-breaks for stretching (Park et al., 2017).
Studies of professions in related settings also identify specific risks for
reproductive scientists. Pipetting is associated with work-related upper limb disorders
(WRULD; David & Buckle, 1997). Prolonged microscope use contributes to MSD in
over 85% of cytotechnologists (Thomson et al., 2003). A study of laboratory
technologists showed neck/shoulder problems in approaching 70% of participants (Jay et
al., 2015).

Recommendations
Since MSDs are a significantly frequent issue for embryologists, employers have a duty
to proactively address risks, with reference to The Health and Safety (Display Screen
Equipment) Regulations (1992), The Manual Handling Operations Regulations (1992)
and The Provision and Use of Work Equipment Regulations (1998). The HSE produced
an MSD Toolkit (HSE, n.d.-a) and guide regarding upper limb disorders (HSE, n.d.-b)
which provides a particularly relevant risk assessment and control tool for
implementation.
The procedures undertaken by reproductive scientists which should be assessed
include manual handling of equipment and consumables, use of display screens (office-
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or lab-based), and ergonomics associated with standard operating procedures. Where
opportunity arises, design of new laboratories or equipment should consider user
ergonomics (Colombini & Occhipinti, 2006). ACE guidance (Hughes, 2012) requires
staff training in manual handling, and attention to be paid to user comfort (adjustable
chairs, bench heights, microscope heights, air conditioning, temperature, humidity). Risks
associated with microscopy and pipetting have been discussed but other risks exist, such
as repeated musculoskeletal twisting and reaching, or prolonged maintenance of static
postures. Workplace stress predisposes to the development of work-related MSDs
(Devereux, et al., 1999) and should be addressed.

Stress and mental health problems
Over a quarter (27.8%) of respondents reported work-related stress/mental health
problems. In a study with Spanish embryologists, López-Lería et al. (2014) demonstrated
their poorer mental health compared to the general population, and 36.3% scored highly
for a feature of burnout. Surgeons are acknowledged to be amongst the most stressed
professionals, with a meta-analysis reporting burnout in up to 34% of American surgeons
(Bartholomew et al., 2018). This phenomenon not only impacts the physician’s
wellbeing, but their quality of care (Panagioti et al., 2018). Since rates of burnout are
similar in embryologists, we must be cognisant of an impact on professional
effectiveness.
Our respondents’ comments provided appreciation of some of the existing
stressors. Working conditions can be claustrophobic, with limited or irregular breaks,
limited exposure to daylight, and uncomfortable temperatures seasonally. Increased
workload can result from understaffing, case overloading, or challenging case
distribution. Procedures require a high level of focus and/or fine motor skills, maintained
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for long periods. As avoiding light damage to embryos/gametes is important, many
laboratories use reduced or filtered lighting. However, disruption of circadian rhythms
can cause changes in mood (Walker et al., 2020) and reduced daylight causes seasonal
affective disorder (Magnusson, 2000). Filtering out blue light also has this effect (Hu et
al., 2020). Workplace stress additionally permeates family life exacerbating worker
fatigue and depression (van Hooff et al., 2005).
Burnout is associated with emotional exhaustion, depersonalisation (cynicism
towards/detachment from colleagues and patients) and reduced self-esteem. Promoting
factors include a lack of positive feedback, a lack of autonomy, high job demands and a
lack of support. Overly high ideals held by workers about their profession can also
contribute (Aronsson et al., 2017; Maslach & Jackson, 1984). Workers cope using
personal (self-esteem, optimism) or job (autonomy, advancement opportunities)
resources (Hobfoll, 1989). When demands overwhelm resources, an employee can
become disengaged (Demerouti et al., 2001). This can pervade the whole team, although
a well-resourced individual’s positive response is more influential (Chen et al., 2015).
When workload is high, having some control over its management can help and may lead
to an enriched sense of accomplishment (Fernet et al., 2004). In one study, young workers
tended to use avoidance tactics to cope, whereas older workers actively problem solved,
leading to better adaptation to workplace stress (Hertel at al., 2015). This suggests focused
mentoring may be a beneficial intervention.

Recommendations
The employer has a legal obligation to address workplace stress (Health and Safety at
Work etc Act, 1974; The Management of Health and Safety at Work Regulations, 1999)
and State Registered Clinical Scientists must make adjustments if their health affects their
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competence (HCPC, 2014). Since our data and that of López-Lería et al. (2014) shows
stress/mental health problems are a significant issue for embryologists, employers should
take a proactive approach. The World Health Organisation (WHO) has developed
strategies involving awareness raising, risk assessment and control, and the treatment and
phased workplace re-integration of affected individuals (WHO, 2005).
Raising awareness of workplace stress can be achieved during education and
continued professional development of reproductive scientists. Additionally, treatment
centres can raise multidisciplinary awareness, advocating a culture of interdisciplinary
care. Validated, questionnaire-based assessment tools are available (HSE, n.d.-c; Maslach
& Jackson, 1984) to objectively assess the workplace for stress ‘hotspots’. Risks
identified can inform a strategy of workplace change, compensated by increased
productivity (HSE n.d.-d).
Quality Management Systems can be modernised to ensure balanced feedback
(including praise), and that non-conformance reporting systems result in improvements
without disproportionately punitive measures. Working conditions should be examined,
providing adequate rest facilities and a comfortable working environment, including
access to daylight (HFEA, 2019; Hughes, 2012).
Workloads should be addressed through attention to staffing levels and/or cycle
numbers, as required by HFEA Licence Condition T12 (HFEA, n.d.), and professional
guidelines (Alikani et al., 2014; Hughes, 2012). Registered Clinical Scientists are
required to “manage their own workload and resources effectively” (HCPC, 2014).
Concerns about workload can be reported to line managers, the Person Responsible for
the centre; or ultimately to the HFEA.
To facilitate the necessary level of focus, work-pace is another important
consideration. To protect concentration, multitasking should be minimised, disturbances
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limited (HFEA, 2019), and regular breaks scheduled. A good work-pace for a given
workload can be achieved when reproductive scientists are included in theatre list
planning. This inclusion also mitigates burnout by affording reproductive scientists
autonomy over their workplace contributions.
Support and mentoring should be available to those personnel identified as
vulnerable during workplace stress risk assessment. In house occupational health or
counselling services, or a designated Employee Assistance Program should be available,
or leave for appointments offsite. If an employee experiences a mental health condition,
they should be encouraged to access primary care intervention. If they become absent
from work, or undertake reduced duties, their phased re-integration to the workplace
should be managed gradually, with additional support to re-establish competency.

Ocular problems
Ocular issues were reported by 27 respondents (12.1%). This included dry eye, changes
in visual acuity, uveitis (inflammation of the uvea) and eye fatigue. Contributing factors
reported were dim lighting, prolonged near-work and/or microscope work and air
conditioning.
The use of Display Screen Equipment (DSE) is associated with eye fatigue but
evidence to date suggests it does not impact visual acuity (Larese Filon et al., 2019). Dry
eye and eye fatigue are experienced by microscope workers in clean room facilities (Lin
et al., 2019). Uveitis is not generally associated with occupational hazards other than
traumatic eye injury, although since the aetiology of this condition is not fully understood,
occupational factors cannot be ruled out (Choi et al., 2019). Myopia (short-sightedness)
is linked with near-work (Ciuffreda & Vasudevan, 2008). Presbyopia (long-sightedness)
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is viewed as a problem of age rather than environment (Gilmartin, 1995), and it is possible
that pre-existing conditions may become obvious during near-work.

Recommendations
Evidence suggests that eye problems can be minimised by improved lighting (Hua et al.,
2015) and allowing breaks in microscope or near-work (Lin et al., 2019). Breaks allow a
change in environment and for the eyes to adjust to distant focus (Wu et al., 2013).
Employers should note The Health and Safety (DSE) Regulations (1992) and offer regular
sight tests to users and employees experiencing the onset of visual difficulties.

Auditory problems
Eight survey respondents reported auditory problems (3.6%) and most attributed this to
noise from flow hoods. In the UK working population 2% experienced tinnitus and/or
hearing loss. The incidence was greater with age and exposure to high levels of noise
(Palmer et al., 2002). Studies demonstrate noise-induced hearing loss (NIHL) in industrial
settings (Pelegrin et al., 2015), but limited research explores comparable environments.
One study in obstetrics (Fredriksson et al., 2015) found noise levels were high and
associated with tinnitus and auditory fatigue symptoms.
In addition to NIHL and tinnitus, noise can have an impact on workplace stress
since noise levels and stress are linked (Thach et al., 2020). There will be individual
variability in thresholds of comfort, particularly for those reproductive scientists who are
neurodivergent (Khalfa et al., 2004).

Recommendations
The Control of Noise at Work Regulations (2005) requires hearing protection if average
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noise exposure reaches 80dB, or if noise level peaks reach 135dB. Hearing protection
(ear plugs or muffs) may help prevent NIHL, when used effectively (Tikka et al., 2020)
but should follow risk assessment of reduced hearing in the laboratory. Where possible,
consideration of noise should be made in equipment and laboratory design. Centres
should ideally measure noise levels, and honour requests for ear protection, especially
given noise is a contributor to workplace stress, and comfort thresholds are subjective.

Problems arising from needlestick injury (NSI)
NSI was problematic for 3.1% of respondents. In a meta-analysis of healthcare workers
(Cooke & Stephens, 2017), 14.9%-64.9% were affected. NSI can transmit blood borne
viruses and can be associated with anxiety and depression. Limited research into NSI
outside a medical setting shows laboratory staff are vulnerable (Al-Abhar et al., 2020; De
Carli et al., 2014). Risks associated with NSI are reduced by using safety devices,
improving procedures and reducing workplace stress (Cooke & Stephens, 2017).

Recommendations
Whilst rates of NSI for reproductive scientists are low, it is still a priority to minimise risk
due to the potential for transmission of infection. Where possible, safer alternatives
should be used and all essential uses of glass pipettes/micropipettes, hypodermic syringes
or scalpels/blades risk assessed. There must be adequate disposal facilities. Work-pace
should be managed and distractions minimised to allow due care and attention during all
procedures.
Under The Health and Safety (Sharp Instruments in Healthcare) Regulations
(2013), clinics have an obligation to provide training and safety equipment and to only
use a sharp where there is no alternative. Employees must report NSI to their employer,
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who must document and investigate the incident; and where relevant offer medical
advice, prophylaxis and counselling. The Control of Substances Hazardous to Health
Regulations (2002) dictate that employers should offer vaccination where a vaccine exists
and there is risk of occupational exposure to the corresponding biological agent. HCPC
registered Clinical Scientists are obliged to be aware of immunisation requirements
(HCPC, 2014).

Injury associated with liquid nitrogen
Liquid nitrogen is a serious hazard and has caused death by asphyxiation of workers
whilst decanting (Kim & Lee, 2008) or transporting (Lo Faro et al., 2019). It can also
cause serious cryo-trauma leading to amputations (Leu & Clodius, 1989).
Frostbite, dry/sore skin and loss of fingertip were reported by respondents, with
3.1% affected by incidents related to the use of liquid nitrogen. These involved direct
exposure, touching cooled items, or exploding cryodevices.

Recommendations
UK legislation requires the risks associated with the use of liquid nitrogen are assessed
and controlled (The Control of Substances Hazardous to Health Regulations, 2002) and
that suitable Personal Protective Equipment (PPE) is provided, maintained and used (The
Personal Protective Equipment at Work Regulations, 1992). Detailed recommendations
were given by ACE (Hughes, 2012) stating that a separate, well ventilated, secure cryofacility is required, with safe delivery of liquid nitrogen and a low oxygen detection
system. The recommendations also reinforce the importance of training and PPE.

Study Limitations
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Occupational health data was obtained by a cross-sectional survey sent to all ACE
members (most UK embryologists), effectively reducing selection bias. Non-response
bias was anticipated since individuals with occupational health issues were potentially
more likely to reply. Information bias may have occurred since self-reporting of
conditions is used rather than formal clinical diagnosis.

Conclusions
Our survey demonstrated that a number of occupational health issues were experienced
by UK embryologists. The most acute hazards faced are NSI and exposure to liquid
nitrogen, both with potentially fatal consequences. It is reassuring that the current culture
of risk assessment and management has limited the incidence of these issues to
approximately 3% respectively.
Most frequently encountered issues were MSD and stress/mental health problems,
which consolidates evidence from a study of Spanish embryologists (López-Lería et al.,
2014). Our data shows an association between length of time in service and the incidence
of shoulder pain/injury. Cross-sectional surveys are not adequate to establish causal links,
but this association warrants further investigation, especially as WRULD are linked to
musculoskeletal activities performed by embryologists and the most affected group (5-10
years’ experience) include those likely to spend the greatest time in the laboratory. A less
obvious relationship exists for workplace stress in the development of MSDs, whether
due to added tension in the musculoskeletal system or other factors coincident with stress.
Work related stress not only impacts the reproductive scientist but has the
potential to affect their clinical effectiveness. It is important to proactively address
potential causes, using validated tools to assess stress in the workplace and consider ways
to ameliorate locally prevalent factors. In this study repeated themes exist of workplace

14

stress, irregular breaks, and lack of control of workflow. Enabling reproductive scientists
to have meaningful input into the daily schedule would allow a manageable work-pace
which facilitates regular pauses. There is evidence this would reduce not only stress and
mental health problems, but also the development of MSDs, eye problems, and the risk
of error whilst handling sharps.
It should always be remembered that the reproductive scientist bears the weight
of the viability of the potential child, the hopes and investment of the potential parent,
and the reputation of themselves and the clinic, with the knowledge that a micron or a
moment in the wrong direction can spell disaster. They should be afforded the working
culture and environment to allow them to fulfil this responsibility with due care, whilst
safeguarding their health and wellbeing.

Acknowledgements
This project was funded by ACE. The authors wish to thank members of ACE for survey
responses, and the ARCS Executive Committee for their review of this article. The
researchers would also like to acknowledge Masoud Mansouri for initial discussions in
relation to the study.

Disclosure of Interest
The authors report no conflict of interest.

References
Al-Abhar, N., Moghram, G. S., Al-Gunaid, E. A., Al Serouri, A., & Khader, Y. (2020).
Occupational Exposure to Needle Stick Injuries and Hepatitis B Vaccination
Coverage Among Clinical Laboratory Staff in Sana'a, Yemen: Cross-Sectional

15

Study.

JMIR

Public

Health

and

Surveillance,

6(1),

e15812.

https://doi.org/10.2196/15812
Alikani, M., Go, K. J., McCaffrey, C., & McCulloh, D. H. (2014). Comprehensive
evaluation of contemporary assisted reproduction technology laboratory
operations to determine staffing levels that promote patient safety and quality
care.

Fertility

and

Sterility,

102(5),

1350-1356.

https://doi.org/10.1016/j.fertnstert.2014.07.1246
Andersen, J. H., Haahr, J. P., & Frost, P. (2007). Risk factors for more severe regional
musculoskeletal symptoms: a two-year prospective study of a general working
population.

Arthritis

and

Rheumatism,

56(4),

1355-1364.

https://doi.org/10.1002/art.22513
ARCS. (2019). Code of professional conduct for members: First edition, October 2019.
https://www.arcscientists.org/wp-content/uploads/ARCS-code-of-conduct.pdf
Aronsson, G., Theorell, T., Grape, T., Hammarström, A., Hogstedt, C., Marteinsdottir, I.,
Skoog, I., Träskman-Bendz, L., & Hall, C. (2017). A systematic review including
meta-analysis of work environment and burnout symptoms. BMC Public Health,
17(1), 264. https://doi.org/10.1186/s12889-017-4153-7
Bartholomew, A. J., Houk, A. K., Pulcrano, M., Shara, N.M., Kwagyan J., Jackson P. G.,
& Sosin, M. (2018). Meta-Analysis of Surgeon Burnout Syndrome and Specialty
Differences.

Journal

of

Surgical

Education,

75(5),

1256–1263.

https://doi.org/10.1016/j.jsurg.2018.02.003
Chen, S., Westman, M., & Hobfoll, S. E. (2015). The commerce and crossover of
resources: resource conservation in the service of resilience. Stress and Health:
journal of the International Society for the Investigation of Stress, 31(2), 95–105.
https://doi.org/10.1002/smi.2574

16

Choi, R. Y., Rivera-Grana, E., & Rosenbaum, J. T. (2019). Reclassifying Idiopathic
Uveitis: Lessons From a Tertiary Uveitis Center. American Journal of
Ophthalmology, 198, 193–199. https://doi.org/10.1016/j.ajo.2018.10.018
Ciuffreda, K. J., & Vasudevan, B. (2008). Nearwork-induced transient myopia (NITM)
and permanent myopia--is there a link? Ophthalmic & Physiological Optics: the
journal of the British College of Ophthalmic Opticians (Optometrists), 28(2),
103–114. https://doi.org/10.1111/j.1475-1313.2008.00550.x
Colombini, D., & Occhipinti, E. (2006). Preventing upper limb work-related
musculoskeletal disorders (UL-WMSDS): new approaches in job (re)design and
current trends in standardization. Applied Ergonomics, 37(4), 441–450.
https://doi.org/10.1016/j.apergo.2006.04.008
Cooke, C. E., & Stephens, J. M. (2017). Clinical, economic, and humanistic burden of
needlestick injuries in healthcare workers. Medical devices (Auckland, N.Z.), 10,
225–235. https://doi.org/10.2147/MDER.S140846
David, G., & Buckle, P. (1997). A questionnaire survey of the ergonomic problems
associated with pipettes and their usage with specific reference to work-related
upper

limb

disorders.

Applied

Ergonomics,

28(4),

257–262.

https://doi.org/10.1016/s0003-6870(97)00002-1
De Carli, G., Abiteboul, D., & Puro, V. (2014). The importance of implementing safe
sharps practices in the laboratory setting in Europe. Biochemia Medica, 24(1), 45–
56. https://doi.org/10.11613/BM.2014.007
Demerouti, E., Bakker, A. B., Nachreiner, F., & Schaufeli, W. B. (2001). The job
demands-resources model of burnout. Journal of Applied Psychology, 86(3), 499–
512. https://doi.org/10.1037/0021-9010.86.3.499

17

Devereux, J., Buckle, P., & Vlachonokilis, I. (1999). Interactions between physical and
psychosocial risk factors at work increase the risk of back disorders: an
epidemiological approach. Occupational and Environmental Medicine, 56(5),
343–353. https://doi.org/10.1136/oem.56.5.343
Fernet, C., Guay, F., & Senécal, C. (2004). Adjusting to job demands: The role of work
self-determination and job control in predicting burnout. Journal of Vocational
Behavior, 65(1), 39–56. https://doi.org/10.1016/S0001-8791(03)00098-8
Fredriksson, S., Hammar, O., Torén, K., Tenenbaum, A., & Waye, K. P. (2015). The
effect of occupational noise exposure on tinnitus and sound-induced auditory
fatigue among obstetrics personnel: a cross-sectional study. BMJ Open, 5(3),
e005793. https://doi.org/10.1136/bmjopen-2014-005793
Gilmartin, B. (1995). The aetiology of presbyopia: a summary of the role of lenticular
and extralenticular structures. Ophthalmic & Physiological Optics: the journal of
the British College of Ophthalmic Opticians (Optometrists), 15(5), 431–437.
https://doi.org/10.1016/0275-5408(95)00095-U
Grant, K., Vo, T., & Tiong, L. U. (2020). The painful truth: work-related musculoskeletal
disorders in Australian surgeons. Occupational Medicine (Oxford, England),
70(1), 60–63. https://doi.org/10.1093/occmed/kqz155
Guyatt, G. H., Oxman, A. D., Vist, G. E., Kunz, R., Falck-Ytter, Y., Alonso-Coello, P.,
Schünemann, H. J., & GRADE Working Group (2008). GRADE: an emerging
consensus on rating quality of evidence and strength of recommendations. BMJ
(Clinical

Research

ed.),

336(7650),

924–926.

https://doi.org/10.1136/bmj.39489.470347.AD.

18

Hagberg, M., & Wegman, D. H. (1987). Prevalence rates and odds ratios of shoulderneck diseases in different occupational groups. British Journal of Industrial
Medicine, 44(9), 602–610. https://doi.org/10.1136/oem.44.9.602
HCPC. (2014). The standards of proficiency for clinical scientists. https://www.hcpcuk.org/standards/standards-of-proficiency/clinical-scientists
Hertel, G., Rauschenbach, C., Thielgen, M. M., & Krumm, S. (2015). Are older workers
more active copers? Longitudinal effects of age-contingent coping on strain at
work.

Journal

of

Organizational

Behavior,

36(4),

514–537.

(treatment

and

storage).

https://doi.org/10.1002/job.1995
HFEA.

(n.d.).

Licence

conditions

https://portal.hfea.gov.uk/knowledge-base/licence-conditions/licence-conditionstreatment-and-storage
HFEA.

(2019).

Code

of

Practice:

9th

Edition.

https://portal.hfea.gov.uk/media/1527/2019-12-16-code-of-practice-9th-editiondecember-2019.pdf
Hobfoll, S. E. (1989). Conservation of resources. A new attempt at conceptualizing stress.
The American Psychologist, 44(3), 513–524. https://doi.org/10.1037//0003066x.44.3.513.
HSE (n.d.-a) Toolkit for MSDs. https://www.hse.gov.uk/msd/toolkit.htm
HSE (n.d.-b) Managing upper limb disorders in the workplace: A brief guide.
https://www.hse.gov.uk/pubns/indg171.pdf
HSE (n.d.-c). Stress Indicator Tool (SIT) https://books.hse.gov.uk/Stress-Indicator-Tool
HSE

(n.

d.-d).

Case

Study:

Management

Standards

for

Stress

https://books.hse.gov.uk/gempdf/Stress_Case_Study.pdf

19

HSE (2019). Health and safety at work. Summary statistics for Great Britain, 2019.
https://www.hse.gov.uk/statistics/overall/hssh1819.pdf
Hu, H., Kang, C., Hou, X., Zhang, Q., Meng, Q., Jiang, J., & Hao, W. (2020). Blue Light
Deprivation Produces Depression-Like Responses in Mongolian Gerbils.
Frontiers in Psychiatry, 11, 233. https://doi.org/10.3389/fpsyt.2020.00233.
Hua, W. J., Jin, J. X., Wu, X. Y., Yang, J. W., Jiang, X., Gao, G. P., & Tao, F. B. (2015).
Elevated light levels in schools have a protective effect on myopia. Ophthalmic
& Physiological Optics: the journal of the British College of Ophthalmic
Opticians (Optometrists), 35(3), 252–262. https://doi.org/10.1111/opo.12207
Hughes, C. (2012). Association of clinical embryologists - guidelines on good practice in
clinical embryology laboratories 2012. Human Fertility, 15(4), 174-189.
https://doi.org/10.3109/14647273.2012.747891
Jay, K., Brandt, M., Hansen, K., Sundstrup, E., Jakobsen, M. D., Schraefel, M. C.,
Sjogaard, G., & Andersen, L. L. (2015). Effect of Individually Tailored
Biopsychosocial Workplace Interventions on Chronic Musculoskeletal Pain and
Stress Among Laboratory Technicians: Randomized Controlled Trial. Pain
Physician, 18(5), 459–471.
Kasraie, J., Lewis, S., & Sanders D. (2020). All aboard the ARCS. Human Fertility, 23(1),
2-3.
Khalfa, S., Bruneau, N., Rogé, B., Georgieff, N., Veuillet, E., Adrien, J. L., Barthélémy,
C., & Collet, L. (2004). Increased perception of loudness in autism. Hearing
Research, 198(1-2), 87–92. https://doi.org/10.1016/j.heares.2004.07.006
Kim, D. H., & Lee, H. J. (2008). Evaporated liquid nitrogen-induced asphyxia: a case
report.

Journal

of

Korean

Medical

Science,

23(1),

163–165.

https://doi.org/10.3346/jkms.2008.23.1.163

20

Larese Filon, F., Drusian, A., Ronchese, F., & Negro, C. (2019). Video Display Operator
Complaints: A 10-Year Follow-Up of Visual Fatigue and Refractive Disorders.
International Journal of Environmental Research and Public Health, 16(14),
2501. https://doi.org/10.3390/ijerph16142501
Leu, H. J., & Clodius, L. (1989). Eine seltene Ursache der Gangrän: die Erfrierung durch
flüssigen Stickstoff [An unusual cause of gangrene: cold injury caused by liquid
nitrogen]. Schweizerische medizinische Wochenschrift, 119(6), 192–195.
Lin, K. H., Su, C. C., Chen, Y. Y., & Chu, P. C. (2019). The Effects of Lighting Problems
on Eye Symptoms among Cleanroom Microscope Workers. International Journal
of

Environmental

Research

and

Public

Health,

16(1),

101.

https://doi.org/10.3390/ijerph16010101
Lo Faro, A. F., Pirani, F., Paratore, A., Tagliabracci, A., & Busardò, F. P. (2019). Fatal
inhalation of nitrogen inside a closed environment: Toxicological issues about the
cause

of

death.

Forensic

Science

International,

302,

109871.

https://doi.org/10.1016/j.forsciint.2019.06.029
López-Lería, B., Jimena, P., Clavero, A., Gonzalvo, M. C., Carrillo, S., Serrano, M.,
López-Regalado, M. L., Olvera, C., Martínez, L., & Castilla, J. A. (2014).
Embryologists' health: a nationwide online questionnaire. Journal of Assisted
Reproduction and Genetics, 31(12), 1587–1597. https://doi.org/10.1007/s10815014-0352-7.
Magnusson, A. (2000). An Overview of Epidemiological Studies on Seasonal Affective
Disorder.

Acta

Psychiatrica

Scandinavica,

101(3),

176-184.

https://doi.org/10.1034/j.1600-0447.2000.101003176.x

21

Maslach, C., & Jackson, S. E. (1984). Burnout in organizational settings. In: S. Oskamp
(Ed.) Applied Social Psychology Annual l: Applications in Organizational
Settings, (vol 5, pp133–153). Sage
Palmer, K. T., Griffin, M. J., Syddall, H. E., Davis, A., Pannett, B., & Coggon, D. (2002).
Occupational exposure to noise and the attributable burden of hearing difficulties
in Great Britain. Occupational and Environmental Medicine, 59(9), 634–639.
https://doi.org/10.1136/oem.59.9.634
Panagioti, M., Geraghty, K., Johnson, J., Zhou, A., Panagopoulou, E., Chew-Graham, C.,
Peters, D., Hodkinson, A., Riley, R., & Esmail, A. (2018). Association Between
Physician Burnout and Patient Safety, Professionalism, and Patient Satisfaction:
A Systematic Review and Meta-analysis. JAMA Internal Medicine, 178(10),
1317-1330.

https://doi.org/10.1001/jamainternmed.2018.3713

(Retraction

published JAMA Internal Medicine, 2020 Jul 1;180(7):931)
Park, A. E., Zahiri, H. R., Hallbeck, M. S., Augenstein, V., Sutton, E., Yu, D., Lowndes,
B. R., & Bingener, J. (2017). Intraoperative "Micro Breaks" With Targeted
Stretching Enhance Surgeon Physical Function and Mental Focus: A Multicenter
Cohort

Study.

Annals

of

Surgery,

265(2),

340–346.

https://doi.org/10.1097/SLA.0000000000001665
Pelegrin, A. C., Canuet, L., Rodríguez, Á. A., & Morales, M. P. (2015). Predictive factors
of occupational noise-induced hearing loss in Spanish workers: A prospective
study. Noise & Health, 17(78), 343–349. https://doi.org/10.4103/14631741.165064
Thach, T. Q., Mahirah, D., Sauter, C., Roberts, A. C., Dunleavy, G., Nazeha, N., Rykov,
Y., Zhang, Y., Christopoulos, G. I., Soh, C. K., & Car, J. (2020). Associations of

22

perceived indoor environmental quality with stress in the workplace. Indoor Air,
30(6), 1166–1177. https://doi.org/10.1111/ina.12696
The

Control

of

Noise

at

Work

Regulations,

c.

1643,

(2005).

(UK).

http://www.legislation.gov.uk/uksi/2005/1643/made
The Control of Substances Hazardous to Health Regulations, c. 2677, (2002). (UK).
http://www.legislation.gov.uk/uksi/2002/2677/regulation/7/made
The Health and Safety (Display Screen Equipment) Regulations, c. 2792, (1992). (UK).
http://www.legislation.gov.uk/uksi/1992/2792/made
The Health and Safety (Sharp Instruments in Healthcare) Regulations, c. 645, (2013).
(UK). http://www.legislation.gov.uk/uksi/2013/645/contents/made
The Management of Health and Safety at Work Regulations, c. 3242, (1999). (UK).
http://www.legislation.gov.uk/uksi/1999/3242/made
The

Manual

Handling

Operations

Regulations,

c.

2793,

(1992).

(UK).

http://www.legislation.gov.uk/uksi/1992/2793/made
The Personal Protective Equipment at Work Regulations, c. 2966, (1992). (UK).
http://www.legislation.gov.uk/uksi/1992/2966/contents/made
The Provision and Use of Work Equipment Regulations, c. 2306, (1998). (UK).
http://www.legislation.gov.uk/uksi/1998/2306/made
Thompson, S. K., Mason, E., & Dukes, S. (2003). Ergonomics and cytotechnologists:
reported musculoskeletal discomfort. Diagnostic Cytopathology, 29(6), 364–367.
https://doi.org/10.1002/dc.10377
Tikka, C., Verbeek, J., Kateman, E., Morata, T. C., Dreschler, W., & Ferrite, S. (2020).
Cochrane method for systematic review and meta-analysis of interventions to
prevent occupational noise-induced hearing loss - abridged. CoDAS, 32(2),
e20190127. https://doi.org/10.1590/2317-1782/20192019127

23

UK

Health

and

Safety

at

Work

etc

Act,

c.

37

(1974).

(UK).

http://www.legislation.gov.uk/ukpga/1974/37/contents
van Hooff, M. L., Geurts, S. A., Taris, T. W., Kompier, M. A., Dikkers, J. S., Houtman,
I. L., & van den Heuvel, F. M. (2005). Disentangling the causal relationships
between work-home interference and employee health. Scandinavian Journal of
Work, Environment & Health, 31(1), 15–29. https://doi.org/10.5271/sjweh.844
Walker, W. H., 2nd, Walton, J. C., DeVries, A. C., & Nelson, R. J. (2020). Circadian
rhythm disruption and mental health. Translational Psychiatry, 10(1), 28.
https://doi.org/10.1038/s41398-020-0694-0.
WHO. (2005). Mental health policy and service guidance package: Mental health
policies

and

programmes

in

the

workplace.

https://apps.who.int/iris/bitstream/handle/10665/43337/9241546794_eng.pdf
Wu, P. C., Tsai, C. L., Wu, H. L., Yang, Y. H., & Kuo, H. K. (2013). Outdoor activity
during class recess reduces myopia onset and progression in school children.
Ophthalmology,

120(5),

1080–1085.

https://doi.org/10.1016/j.ophtha.2012.11.009

24

Table 1. Summary of the adapted GRADE system (adapted from Guyatt et al., 2008).
Grading Quality of Evidence

Evaluating Strength of Recommendations

More data is unlikely to
High

strengthen confidence in

Strong Recommendations are based on:

findings

Moderate

More data may increase

• high quality evidence

the confidence in the

• good balance of benefit verses adverse effect

findings, and may lead to

• good balance of benefit verses resource use

a re-evaluation of them
More data is likely to
Low

significantly adjust the
findings, or confidence in
them

Very Low

Validity of findings is
uncertain

Weak Recommendations are based on:

• low quality evidence
• poor balance of benefit verses adverse effect
• poor balance of benefit verses resource use
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Table 2. Respondents in ACE Occupational Health Survey
Number

Percentage

Survey invitations sent

405

100%

Survey responses

252

62.2%

Complete survey responses

223

55.1%

Respondents that were embryologists

223

100%

UK licenced centres represented

≥ 80

n/a

0-5 years’ experience

40

17.9%

5-10 years’ experience

58

26.0%

10-15 years’ experience

36

16.1%

15-20 years’ experience

43

19.3%

More than 20 years’ experience

46

20.6%
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Table 3. Summary of all ill health conditions self-reported by respondents.
Issue described

Frequency

Percentage of
respondents

Back pain/injury

63

28.3%

Stress/mental health problems

62

27.8%

Shoulder pain/injury

62

27.8%

Neck pain/injury

57

25.6%

Repetitive strain injury (RSI)

29

13.0%

Eyesight problems

27

12.1%

Hearing problems

8

3.6%

Problems arising from needlestick injuries

7

3.1%

*Injury associated with liquid nitrogen

7

3.1%

Nerve Damage

6

2.7%

*Dermatitis

5

2.2%

*Headaches

3

1.3%

*Allergies

2

0.9%

*Vascular issues (varicose veins & a major lifethreatening event)

2

0.9%

*Respiratory problems

1

0.4%

*Wrist/hand problems

1

0.4%

*Psychosomatic disturbance

1

0.4%

*Dry eyes

1

0.4%

* These conditions were self-reported in free text.
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Table 4. Summary of Evidence and Recommendations
The quality of evidence and strength of recommendations for each occupational health issue are assessed according an adapted GRADE system (see Table 1).

Issue

Evidence

Musculoskeletal
disorders

Strength

Recommendation

Strength

43.5% of respondents affected: most significant High

Proactive approach required.

Strong.

issue. Consistent with findings for Spanish

Assess risks, considering those associated with ULD as

Statutory

embryologists. Increase in shoulder problems

well as Manual Handling and DSE associated risks.

obligations1,2,3,4,5.

with increased length of service. Evidence that

Use of HSE ULD tool advised (HSE, n.d.-b).

repetitive tasks, static postures, working with

Make changes to minimise risks if required.

raised arms or hands and workplace stress play

Provide training about the risks.

a role in WRMD.

Consider ergonomics in laboratories and equipment design.
Proactive approach required.

Strong.

issue. Consistent with findings for Spanish

Raise awareness of workplace stress.

Statutory

embryologists. Evidence that high work

Risk assess using appropriate assessment tools.

obligations1,2.

demands, low work autonomy and low support

Appropriate changes in work environment and/or processes

play a role in work-related stress.

if required.

Stress and

27.8% of respondents affected. Significant

mental health
problems

High

Support and mentor those at risk.
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Treat and cautiously reintegrate those affected.
Ensure adequate lighting.

Strong.

near-work causes myopia, that microscopy in

Ensure adequate breaks with opportunity to readjust focus

Statutory

clean rooms can cause eye fatigue and dry eye.

to distant objects.

obligations1,2,3.

Measure noise in work environments.

Strong.

Occular

12.1% of respondents affected. Evidence that

problems

High

Auditory

3.6% of respondents affected. Evidence that

High

problems

hearing loss can be induced by noise, and that

Average 80dB or peak 135dB are statutory thresholds for

Statutory

noise contributes to workplace stress.

action.

obligations1,2,6.

Provide hearing protection if necessary or requested.
Reduce use of sharps to a minimum.

Strong.

of transmission of blood born viruses and

Minimise workplace stress.

Statutory

evidence shows the experience of a NSI can

Provide training and information.

obligations1,2,7,8.

cause mental health problems.

Provide adequate disposal facilities.

Needlestick

3.1% of respondents affected. NSI are a route

injuries

High

Risk assess all activities and reduce/control risks.

Strong.

fatal asphyxiation and serious frostbite injury

Provide training and PPE.

Statutory

has occurred following workplace incidents.

Monitor oxygen levels and provide adequate ventilation.

obligations1,2,7,9.

Liquid nitrogen

3.1% of respondents affected. Evidence shows

associated
injuries

High

Relevant UK Acts and Statutory Instruments: 1Health and Safety at Work Act (1974). 2Management of Health and Safety at Work Regulations (1999). 3The
Health and Safety (Display Screen Equipment) Regulations (1992). 4The Manual Handling Operations Regulations (1992). 5The Provision and Use of Work
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Equipment Regulations (1998). 6The Control of Noise at Work Regulations (2005). 7The Control of Substances Hazardous to Health Regulations (2002). 8The
Health and Safety (Sharp Instruments in Healthcare) Regulations (2013). 9The Personal Protective Equipment at Work Regulations (1992).
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Figure 1. Inclusion criteria for survey responses.

405 surveys to all ACE
members January 2018
153 non-responses

252 responses by March 2018

no responses from nonembryologists
252 responses from
embryologists
29 incomplete responses
excluded
223 complete responses from
embryologists
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Figure 2. Percentage of respondents self-reporting each predefined category of ill
health.
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