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Stress and acceleration of biological age



Directed acyclic graph depicting the relationships between stress and stress-related psychopathology and GrimAA. Green lines indicate causal or mediating paths. Pink lines indicate confounding paths. 
Minimally sufficient adjustment set (MSAS) for direct effect of stress and stress-related psychopathology on GrimAA = Tobacco Use + Alcohol Use + BMI + Physical Activity + Medical Illness + Blood Cell 
Composition + Sex + Race + Adult SES. MSAS for Total Effect = Adult SES + Race + Sex. Generated with daggity.net, modified for clarity. Supplementary Materials include code to reconstruct this DAG at 
dagitty.net. Gabbianelli Rosita, 2024
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The same chronological age …………..different biological age

https://doi.org/10.1111/joim.13533
Gabbianelli Rosita, 2024



Protein synthesis  (how much is espressed)

X X X

Cell differentiation

Epigenetic mechanisms

~ 30 x 1012 cells

~ 300 cell types

Multiple Epigenomes



Genetically identical…

…phenotypically different

https://medicinaonline.co/2017/03/06/e-vero-che-il-gemello-partorito-per-primo-e-quello-minore/

Kaminsky, ZA, et al., NAT GENET, 41 (2): 240-245 FEB 2009

EXPOSOME
Epigenetics vs Genetics

How strong or 
long-lasting does 
the stimulus need 
to induce an 
epigenetic change?

The presence of a stressful 
event per se, i.e., the 
objective stress, and 
subjective stress, i.e., how 
stressful this event is 
perceived?
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Signal Transduction and Targeted Therapy (2022)7:374 

40% CpGs with GREATEST methylation variability with age (Age-
associated variably methylated positions)

60% CpGs with DECREASED methylation with age (Differentially 
methylated positions associated with age) 

+

Evaluation of epigenetic age

about ¼ of the CpG DNAmAge (85/353) are at the 

elements that respond to glucocorticoids, showing 

a correlation between stress and acceleration of 

aging
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Long working hours (>55hours/week) and shift work have been 

associated with increased risk of chronic conditions like stroke or 

breast cancer and working long hours is a risk factor for shortened

sleeping hours and difficulty falling asleep
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➢ Significant associations between work stress 

indicators and epigenetic age acceleration, 

limited to a range of ±2 years

➢ Association was found for working for more 

than 40 hours per week that increased the 

aging over 1.5 years, (HorvathAA β =2.058 

95%CI 0.517,3.599, HannumAA β=1.567, 95%CI

     0.415,2.719).
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” Innate” mechanisms (both genetic and epigenetic) common 
to all males and to all females play a major role in sex 
differences in lifespan, but solely on their own are not 
sufficient to explain the magnitude of this gap between sexes 



Highlights
•At least one in five healthcare professionals report symptoms of 
depression and anxiety.

•Almost four in ten healthcare workers experience sleeping 
difficulties and/or insomnia.

•Rates of anxiety and depression were higher for FEMALES  
healthcare workers and nursing staff.

•Milder mood symptoms are common and screening should aim to 

identify mild and sub-threshold syndromes.

Anxiety was estimated in 12 studies; the 
pooled prevalence was 23%

Median number of individuals per study was 1563 (range 
134, 11118) with a median male representation of 18% 
(281·5/1563) and a median questionnaire participation rate 
of 85·3% (range 43·2%, 94·88%).

Depression was assessed in 10 out of 13 
studies, with a calculated pooled prevalence 
of 22%
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The subgroup analysis indicated higher anxiety and depression prevalence among FEMALES, 
nurses, and frontline responders than males, doctors, and second-line healthcare workers. 

Sixty-five studies met the inclusion criteria and the total sample constituted 79,437 
participants. 

The pooled prevalence of anxiety, depression, stress, post-traumatic stress syndrome, insomnia, psychological 
distress, and burnout was 34.4%, 31.8%, 40.3%, 11.4%, 27.8%, 46.1%, and 37.4% respectively. 

This study highlights the need for designing a targeted intervention to improve 
resilience and foster post-traumatic growth among frontline responders. 
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from January 1 to November 15, 2020 18,935 
nurses

The overall prevalence in nurses  of:
FEMALE: emotional exhaustion was 34.1%, 
Male: depersonalization was 12.6% and of 
lack of personal accomplishment was 15.2%. 
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A total of 448 Jordanian nurses (73% females).

The majority of nurses (64%) are experiencing ASD due to the COVID-19 pandemic and thus are at risk for 

PTSD predisposition. More than one-third of nurses (41%) are also suffering significant psychological 

distress. 

Among our sample, age, ASD and coping self-efficacy significantly predicted psychological distress. 

More specifically, younger nurses are more prone to experience psychological distress than older ones. While 

higher scores on ASD showed more resultant psychological distress, coping self-efficacy was a protective 
factor.
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Observational, cross-sectional study conducted 
2 months after the lockdown was established 
in Argentina in physicians

➢ The prevalence of stress was 93.7 % (95 % confidence interval [CI]: 90.33-96.2), burnout syndrome 73.5 % (95 % CI: 68.2-
78.4), anxiety 44 % (95 % CI: 38.4-49.8), and depression 21.9 % (95 % CI: 17.3-26.9). 

➢ The frequency of burnout syndrome, anxiety, and depression was significantly higher among residents and physicians 
working in the emergency department

➢ The prevalence rate of anxiety and depression appeared to be higher in FEMALES, 
➢ Less trained FEMALE workers had a higher prevalence of anxiety, depression, and post-traumatic stress 

disorder

➢ No association was observed between the frequency and medical specialty. 
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➢ clinical roles confer a higher burnout risk compared 
with non-clinical roles

➢ adapting to a new method of working,
➢  increased service demands, 
➢ prolonged periods wearing personal protective 

equipment, 
➢ feeling “powerless” to manage patients’ conditions, 
➢ fear of becoming infected or infecting others 
➢  Staff who were redeployed to new clinical areas 

had a higher risk of burnout 
➢ FEMALE gender was predictive of anxiety (OR 1.47), 

which is in keeping with previous findings during 
Covid-19

➢ However FEMALE gender was also found to be 
inversely correlated with depression, which 
contrasts from previous research 



This is a cross-sectional study (the first phase of a mixed 
methods study) with critical care and emergency nurses 
from 26 public hospitals in Madrid using an online 
questionnaire.

The response rate was 557, with:
➢  37.5% reporting working with the fear of becoming infected and its consequences,
➢ 28.2% reported elevated workloads, 
➢ high patient-nurse ratios and shifts that did not allow them to disconnect or rest, while 

taking on more responsibilities when managing patients with COVID-19 (23.9%). 

They also reported:
➢ deficiencies in communication with middle management (21.2%), 
➢ inability to provide psycho-social care to patients and families 
➢ being emotionally exhausted (53.5%), 
➢ difficulty in venting emotions (44.9%). 
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87% female nurses 



325 registered nurses from the Philippines using four 

standardized scales.

Results: Of the 325 nurses in the study, 123 (37.8%) were found to have dysfunctional levels of anxiety. 

Using multiple linear regression analyses, social support (β = −0.142, p = .011), personal resilience (β = 
−0.151, p = .008) and organisational support (β = −0.127, p = .023) predicted COVID-19 anxiety. Nurse 

characteristics were not associated with COVID-19 anxiety.

Conclusions: RESILIENT NURSES and those who perceived higher organisation and social support 
were more likely to report lower anxiety related to COVID-19. 
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293 Swiss hospitals: In total, 3,398 health 

professionals working in acute care or 

rehabilitation hospitals took part in the 

study. 

66% nurses, 2% midwives, 11% 

physicians, 9% medical-technical 

professionals and 9% medical-therapeutic 

profes- sionals. Participants were mostly 

highly educated (academic level) (79%), 

female (81%), with a mean age of 40 years. 

 





600,000 men and women from 27 cohort studies in 
Europe, the USA and Japan suggests that work 
stressors, such as job strain and long working hours, are 
associated with a moderately elevated risk of incident 
coronary heart disease and stroke. 

The excess risk for exposed individuals is 10–40 % 
compared with those free of such stressors. 
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A total of 5651 CVD-free participants older than 50 years 
from the Survey of Health, Ageing and Retirement in 
Europe were followed up for 13 years to detect incident 
CVD. 
Results
High physical demands (hazard ratio [HR], 1.30) and low 
reward (HR, 1.19) compared with their counterparts, as well 
as active physical jobs (HR, 1.41) and high physical strain 
(HR, 1.45) in comparison with low physical strain were 
associated with higher risk of incident CVD after adjusting 
for confounders. 

Conclusions
Avoiding physically stressful jobs or providing appropriate 
reward may reduce the occurrence of CVD.



Conclusions

➢ Long working hours (>55hours/week) increased risk of chronic conditions like stroke or breast 

cancer and shortened sleeping hours and difficulty falling a sleep;

➢ Individual respose to stress; Female and male have a different response; 

➢ Data from COVID-19 period highlighted significant stress related consequence in female and young 

health care professionals;

➢ Measures to provide maximum exposure period (i.e. four hours), facilitating breaks for basic needs 

and venting emotions can contribute to improving the physical and emotional wellbeing;

➢ Training and clinical practice guidelines with clear and precise instructions (for nurses);

➢ Interventions aimed at providing higher organization and social support can help the management 

of stress (i.e. mindfulness, aerobic exercise and bibliotherapy may also be successful)
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➢ Can gender difference and related stress response be 

partially related to a different approach to work and/or 

“a very meticulous and precise person” “hard on oneself 

aiming for perfection” from female?



Per contatti: Prof. Rosita Gabbianelli
email: rosita.gabbianelli@unicam.it
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Although maternal stress was not associated with preterm birth in their study, they found that 
higher prenatal stress was associated with increased offspring methylation in the MEST DMR, and 
the associations differed for male and female offspring. 




