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ABSTRACT 
 

Recent evidence indicates consistent association of low socioeconomic status with epigenetic age 
acceleration, measured from DNA methylation. As work characteristics and job stressors are crucial 
components of socioeconomic status, we investigated their association with various measures of epigenetic 
age acceleration.  
The study population included employed and unemployed men and women (n=604) from the Northern 
Finland Birth Cohort 1966. We investigated the association of job strain, effort-reward imbalance and work 
characteristics with five biomarkers of epigenetic aging (Hannum, Horvath, PhenoAge, GrimAge, and 
DunedinPoAm). 
Our results indicate few significant associations between work stress indicators and epigenetic age 
acceleration, limited to a range of ±2 years, and smoking recording the highest effect on GrimAge age 
acceleration biomarker between current and no smokers (median difference 4.73 years (IQR 1.18, 8.41). 
PhenoAgeAA was associated with job strain active work (β=-1.301 95%CI -2.391, -0.212), slowing aging of less 
than 1.5 years, and working as white-collar slowed aging six months (GrimAgeAA β=-0.683, 95%CI -1.264, -
0.102) when compared to blue collars. 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).  
The pattern of associations was different between women and men and some of the estimated effects are 
inconsistent with current literature. Our results provide the first evidence of association of work conditions 
with epigenetic aging biomarkers. However, further epidemiological research is needed to fully understand 
how work-related stress affects epigenetic age acceleration in men and women in different societies. 
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INTRODUCTION 
 

DNA methylation-based biomarkers of biological age 

[1] - epigenetic clocks - have become very popular and 

have been found to be associated with several risk 

factors for non-communicable diseases and longevity 

[2]. Epigenetic clocks are a composite score of DNA 

methylation levels at different CpG sites in the genome. 

The differences between epigenetic clocks and 

chronological age have been defined as epigenetic age 

acceleration (EAA). Positive values of EAA indicate 

that an individual is experiencing accelerated aging. 

EAA has been found to predict all-cause mortality, 

frailty, psychosocial stress [3, 4], cardiovascular disease 

[5], diabetes, cancer [1, 6], and higher values are 

associated with a decline in cognitive ability, depression 

and anxiety [7, 8].  

 

Previous studies [9–13] has suggested that low socio-

economic status (SES) is associated with EAA, using 

different proxies such as education, parental occupation, 

income, and combined measures like the relative index 

of inequality. It emerges that the detrimental effect of 

low SES positions starting early in life are detectable 

through epigenetic clocks [14]. Based on recent 

literature, EAA has been suggested as an intermediate 

biological mechanism linking environmental exposures 

(including stress) with poor health outcomes and 

mortality later in life.  

 

However, most studies investigated older populations, 

while only a few studies have investigated younger 

subjects. Based on a sample of middle-aged women, 

Simons et al. [15] have found an association between 

income and accelerated aging, that was unaffected by 

controlling for other SES-related factors (i.e., education, 

marital status, and childhood adversity). They 

concluded that chronic financial pressures associated 

with low income exert a weathering effect that results in 

premature aging. Using data on age acceleration from 

the UK Household Longitudinal Study, Hughes et al. 

[16] confirmed the association of EEA and low SES in 

early life, but no associations were found with 

current/adult measures of social position on a sample 

aged less than 65 years old. 
 

Little is known whether current occupational 

characteristics or job-related stress - crucial SES 

characteristics - are associated with EAA. Among the 

few available studies, a recent study reported an 

increase in the GrimAge marker, but not in the other 

two AA markers (DNAm age, PhenoAge), associated 

with high occupational physical activity [17]. In a US 

study, performing shift work or night shift work for 

more than 10 years was associated with an increased 

EAA PhenoAge marker [10]. Carugno et al. [18], in a 

study on female nurses, found that night shift work was 

associated with an increased age acceleration, measured 

through analysis of five CpG islands in five genes, but 

limited to subjects with overweight/obesity or exposed 

to high work stress. 

 

DNA methylation levels (not EAA) have been 

associated with stress-related conditions. Based on 

their systematic review of human and animal studies 

on work stress, burnout and depression, Bakusic et al. 

[19] concluded that DNA methylation changes are 

possible biomarkers of stress-related mental disorders. 

Among human studies, Duman et al. [20] reported a 

significant increase in global DNA methylation 

associated with perceived work stress. In a Finnish 

study on nurses, hypomethylation of the promoter of 

the serotonin transporter gene (SLC6A4) was 

associated with both increased burnout symptoms and 

perceived work stress when mutually adjusted for [21]. 

Furthermore, in a Japanese study on manufacturing 

workers, methylation of most CpG islands in the 

tyrosine hydroxylase gene, promoter included, was 

significantly increased among those exposed to high 

job strain [22]. 

 

There is ample evidence from the literature on work 

stress that exposure to psychosocial stressors in the 

workplace, like those measured using work-stress 

models such as the demand-control [23] and the effort-

reward-Imbalance [24] model, is associated with 

clinical biomarkers and adverse outcomes. According 

to the former, the combination of demands and control 

defines the job strain; it posits that people working in 

jobs characterized by high demands and low control 

are at risk of stress-related ill health and disease. 

Support to this model comes from studies showing that 

workers exposed to high strain increased risks of 

coronary heart disease [23, 24], diabetes [25], 

atherosclerosis in its early non-symptomatic stages 

[26], as well as increased levels of brain-derived 

neurotrophic factor [27]. The effort-reward imbalance 

model, which stems from the social exchange theory 

[28], captures an employee dissatisfaction about the 

perceived imbalance between the reward received, in 

terms of money, career, recognition and job security, 

and the effort made that would affect well-being and 

health-related behaviour. In 2017, a review found that 

effort-reward imbalance was associated with several 

biological changes in pathways, leading to stress-

related conditions: including decreased heart rate 

variability, increased blood lipids, blood pressure and 

cortisol release, altered immune function, inflam-

mation, increased risk of metabolic syndrome [29]. 
Furthermore, a large multicohort study found an 

increased risk of coronary heart disease associated 

with high effort-reward imbalance [30]. 
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In this context, to contribute elucidating potential 

mechanisms through which life-stressing conditions and 

job stress may impact health, we investigated the 

relation of EAA with psychosocial and other work 

characteristics. In relation to epigenetic clocks, we 

examined the distribution of work-related stress and 

well-being indicators in the Northern Finland Birth 

cohort 1966 (NFBC 1966), adjusting for known risk 

factors for accelerated ageing. 

 

We analyzed well-known work-related stress indicators 

such as job strain, effort-reward imbalance and 

overcommitment, discontinuous work history, excessive 

working hours, shift work, and other work characteristics, 

including two indicators of positive occupational 

psychology: work engagement and work favouring 

attitude. We evaluated the epigenetic age acceleration 

using five epigenetic ageing biomarkers: Horvath and 

Hannum first-generation clocks, Levine DNA methylation 

PhenoAge and Lu's DNA methylation GrimAge  

(the last two known as the second-generation clocks), and 

the newly developed pace of aging biomarker, 

DunedinPoAm, trained on longitudinal data [1, 6, 31–33]. 

 

RESULTS 
 

Descriptive summary of epigenetic age acceleration 

and pace of ageing 

 

Table 1 contains detailed definitions and interpretations 

of the two work stress indicators and the other work 

characteristics examined. 

 

Table 2 reports the descriptive statistics for the epigenetic 

age acceleration markers and the pace of aging at 46 

years for the NFBC data. Women represent 55% of the 

sample, with a BMI <24.9 for 47%, mainly with a 

secondary education level (68%) and moderate alcohol 

consumption (81%), physically very active during leisure 

time (55%) and never smoked (53%). Men show a 

similar pattern; however, a higher proportion was 

overweight (46%). Overall, 87% had a permanent job 

contract. A higher proportion of men were unemployed 

(7.1%, compared to 4.7% among women), while women 

showed a higher percentage in a temporary job (10%, 

compared to 3% among men). We evaluated the 

association between job exposures and risk factors using 

Chi-Square test, Student t-test or ANOVA depending on 

the variable characteristics (categorical or continuous; see 

Supplementary Table 1 in Supplementary Materials). We 

found statistically significant association of smoking with 

effort and effort-reward Imbalance, type of employer 

(private or state/municipality) and occupational group.  

 

Additionally, we estimated the effect of non-occupational 

risk factors for aging on the biomarkers (sex, education, 

smoking habit, alcohol consumption, BMI, physical 

activity, see Figure 1). We observed higher EAA in men 

for all but PhenoAge biomarkers, which were positively 

associated with smoking and BMI. GrimAgeAA and 

DunedinPoAm also showed a positive association with 

smoking and BMI and a negative association with 

physical activity. Pearson correlations among EAA 

measures (Supplementary Table 2 in Supplementary 

Materials) show the highest coefficients were found 

between Horvath and Hannum AA (ρ=0.96) and between 

GrimAgeAA and DunedinPoAm (ρ=0.78). The remaining 

pairwise correlations were in the range 0.20-0.48.  

 

Multivariate models  

 

Results are reported as estimates and 95% confidence 

intervals from linear regression, where EAA is the 

dependent variable and work characteristics the 

predictors. The estimates are interpretable as years of 

increase/decrease for epigenetic age: positive 

coefficients indicate increased age acceleration and 

negative coefficients indicate a decrease of the 

estimated biological age compared to the chronological 

age. For DunedinPoAm, the effect size indicates the rate 

of increasing biological aging (in percentage) 

comparing a group with the reference category. In 

Supplementary Materials, we have provided the results 

as standardized coefficients estimates for the adjusted 

and unadjusted models for each epigenetic biomarker 

(Supplementary Tables 4, 5 in Supplementary 

Materials); these results are interpretable with regard of 

the EEA standard deviations (Table 1).  

 

Horvath and Hannum AA 

 

The two EEA are highly correlated, so the pattern of 

exposure to which they are associated are similar. In 

unadjusted models (Table 3), we have found that being 

in a temporary versus a permanent job showed a 

negative association with Horvath age acceleration (β = 

-1.28 95%CI -2.527, -0.034), hence slowing aging. Both 

biomarkers, Horvath and Hannum AA were associated 

with working for more than 40 hours per week that 

increased the EAA over 1.5 years, (HorvathAA β 

=2.058 95%CI 0.517,3.599), HannumAA β=1.567, 

95%CI 0.415,2.719)) when compared with working less 

than 31 hours per week. In the adjusted models 

(Supplementary Table 3 in Supplementary Materials), 

only good job security remained significant for 

HorvathAA (β=1.511 95%CI -0.001,3.022) HannumAA 

(β=1.171 95%CI 0.042,2.3). 

 

PhenoAge and GrimaAge AA 

 

PhenoAgeAA was associated with job strain, active 

work- compared to reference low strain- in both 
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Table 1. Job exposure definitions. 

Concept Description 

Job strain Depicts an individual’s experience of a psychosocial work environment that 

entails a high level of job demands combined with a low level of job control, 

resulting in job strain. 

Originally suggested by Karasek in 1979, the demands-control model 

highlights the role of job control, as not only buffering for stress but resulting 

in active, healthy work in circumstances where high demands and high control 

prevail simultaneously.  

A large body of evidence has linked job strain with excess morbidity and 

mortality [24, 34, 35]  

Effort-reward Imbalance (ERI) Captures an individual’s perception of reciprocity between high effort at work 

and the actual/expected rewards received in turn. As suggested by Siegrist in 

1990s, an imbalance between these two, effort not met with sufficient rewards, 

is considered a source of work stress.  

ERI has been linked with both cardiovascular and mental health outcomes  

[29, 36]. 

Overcommitment  An addition to the ERI model. Represents an individual’s tendency to put high 

effort at work even in circumstances of low rewards. Overcommitment is 

considered a toxic component, increasing the work stress related to ERI. 

Occupational physical activity (OPA) Physical activity in the domain of work, in opposition to leisure-time physical 

activity. High levels of OPA (lifting, standing, heavy manual work) indicate 

high physical job demands.  

OPA may not be associated with good health, in contrast with leisure-time 

physical activity [37].  

Work-favouring attitude  Refers to high personal meaning of work as a way to exercise and master skills 

or even as a calling, as opposed to seeing work merely as a source of income 

[38].  

Work engagement A concept of positive occupational psychology and work-related well-being 

[39]. Depicts experience of the following three dimensions at work: vigor, 

dedication and absorption (flow).  

Job security  Captures an individual’s perception of the stability of one’s job contract [40]. 

 

unadjusted (β=-1.201 95%CI -2.292, -0.11) and 

adjusted (β=-1.301 95%CI -2.391, -0.212)) models. 

 

In the unadjusted models, GrimAgeAA was associated 

with several exposures among which unemployment 

increase of more than 1.5 years β=1.741 (0.347,3.135) 

compared to employed, belonging to the white-collar 

occupational group decreases the aging of almost 1.5 

years (β=-1.447, 95%CI -2.127, -0.768) and working for 

the state/municipality as well slowed the aging similarly 

(β=-1.219, 95%CI -1.885, -0.552). However, upon 

adjustment, only working as white-collar remained 

statistically significant a little above six months  

(β=-0.683, 95%CI -1.264, -0.102) when compared to 

blue collars. 

 

Rate of aging: DunedinPoAm 

 

For the unadjusted fit, we found a statistically 

significant association for being working as white-collar 

- β=-0.015, 95%CI -0.026, -0.003) compared with being 

blue-collar. Effort (β=0.009, 95%CI 0.001,0.018) and 

evening shift increase the rate of aging of less than 2% 

(β=0.015, 95%CI 0.001,0.03). No statistically 

significant association was found once we adjusted for 

all the known risk factors.  

 

Sensitivity analysis: sex-stratified  

 

Adjusted models were fitted for women and men 

separately. Among women (Supplementary Table 6 in 

Supplementary Materials), we found that being in a 

temporary job versus a permanent one presented a 

negative association with Horvath age acceleration (β=-

1.484 95%CI -2.922, -0.047), whereas the estimate 

obtained for being continuously employed versus 

discontinuously with GrimAge (β= -0.696, 95%CI -

1.309, -0.009) decreased the AA.  

 

In contrast to our expectations, higher Effort-Reward 

Imbalance was associated with a decrease by 

approximately one year in the AA for both Horvath 
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Table 2. Descriptive statistics of the study population, mean and standard 
deviation (sd) for continuous variables and frequency and percentage for 
categorical variables. 

 All N=604  Females N = 337 Males N = 267 

HorvathAA, mean (sd) 0.0(4.0) -0.4 (3.9) 0.5 (4.1) 

HannumAA, mean (sd) -0.01(2.99) -0.32 (2.92) 0.39(3.04) 

PhenoAgeAA, mean (sd) -0.1(4.8) 0.2 (4.8) -0.5 (4.8) 

GrimAgeAA, mean (sd) -0.1(4.1) -0.8(3.9) 0.9 (4.1) 

DunedinPoAm, mean (sd) 1.00(0.07) 1.01 (0.07) 1.00(0.07) 

BMI n(%)      

Optimal< 24.9 248 (41%) 158 (47%) 90 (34%) 

Overweight 25-29.9 232 (39%) 111 (33%) 121 (46%) 

Obese >= 30 118 (20%) 64 (19%) 54 (20%) 

Missing 6 4 2 

Educational Level n (%)      

Basic 28 (4.7%) 15 (4.6%) 13 (4.9%) 

Secondary 409 (69%) 221 (68%) 188 (71%) 

Tertiary 154 (26%) 91 (28%) 63 (24%) 

Missing 13 10 3 

Alcohol consumption n (%)      

Never 53 (8.8%) 35 (10%) 18 (6.7%) 

Moderate 493 (82%) 273 (81%) 220 (82%) 

Heavy 56 (9.3%) 27 (8.1%) 29 (11%) 

Missing 2 2 0 

Smoking n (%)      

Never 322 (53%) 199 (59%) 123 (46%) 

Past 155 (26%) 71 (21%) 84 (31%) 

Current 127 (21%) 67 (20%) 60 (22%) 

Physical Activity (leisure) n (%)      

Inactive 145 (24%) 71 (21%) 74 (28%) 

Moderately Active 124 (21%) 66 (20%) 58 (22%) 

Active/Very Active 335 (55%) 200 (59%) 135 (51%) 

Job status n (%)      

Permanent 526 (87%) 286 (85%) 240 (90%) 

Temporary 43 (7.1%) 35 (10%) 8 (3.0%) 

Unemployed 35 (5.8%) 16 (4.7%) 19 (7.1%) 

Employer    

private employer 322 (57%) 133 (42%) 189 (78%) 

state/municipality 240 (43%) 186 (58%) 54 (22%) 

Missing 42 18 24 

Occupational group    

White collars 244 (46%) 163 (55%) 129 (54%) 

Blue collars 292 (54%) 135 (45%) 109 (46%) 

Missing 68 39 29 

Job Control mean(sd) 3.83 (0.77) 3.77 (0.77) 3.90 (0.76) 

Missing 54 31 23 

Job Demands mean(sd) 4.21 (0.67) 4.31 (0.64) 4.07 (0.68) 

Missing 51 27 24 

Job strain Linear 0.19 (0.44) 0.27 (0.44) 0.08 (0.41) 

Missing 58 33 25 

Job strain n (%)      

Active work 128 (23%) 97 (32%) 77 (32%) 

High strain 174 (32%) 93 (31%) 29 (12%) 
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Low strain 122 (22%) 53 (17%) 75 (31%) 

Passive work 122 (22%) 61 (20%) 61 (25%) 

Missing 58 33 25 

Job strain Quotient  1.14 (0.29) 1.19 (0.30) 1.08 (0.27) 

Missing 58 33 25 

Job strain Tertile n (%)      

High strain 172 (32%) 131 (43%) 57 (24%) 

Intermediate strain 186 (34%) 98 (32%) 88 (36%) 

Low strain 188 (34%) 75 (25%) 97 (40%) 

Missing 58 33 25 

Effort mean(sd) 2.10 (0.67) 2.04 (0.67) 2.18 (0.66) 

Missing 48 27 21 

Reward mean(sd) 2.50 (0.55) 2.52 (0.54) 2.47 (0.55) 

Missing 63 33 30 

Effort-Reward Imbalance 

mean(sd) 
0.90 (0.40) 0.87 (0.39) 0.94 (0.41) 

Missing 66 36 30 

Overcommitment mean(sd) 2.10 (0.67) 2.93 (0.65) 3.05 (0.61) 

Missing 48 27 28 

Employment history n (%)      

At least temporarily unemployed 269 (45%) 157 (47%) 112 (42%) 

Continuously employed 333 (55%) 178 (53%) 155 (58%) 

Missing 2 2 0 

Occupational s Physical Activity 

n (%) 
     

Low Intensity 421 (75%) 244 (78%) 177 (72%) 

Intermediate Intensity 68 (12%) 36 (12%) 32 (13%) 

High Intensity 70 (13%) 33 (11%) 37 (15%) 

Missing 45 24 21 

Working Hours per week n (%)      

Less than 31 hours 32 (5.7%) 24 (7.7%) 8 (3.3%) 

31-40 hours 402 (72%) 244 (78%) 158 (64%) 

More than 40 hours 124 (22%) 45 (14%) 79 (32%) 

Missing 46 24 22 

Shifts n (%)      

Day job 446 (81%) 253 (82%) 193 (79%) 

Evening/shift 108 (19%) 57 (18%) 51 (21%) 

Missing 50 27 23 

Work attitude mean(sd) 17.5 (3.5) 17.9 (3.6) 17.0 (3.3) 

Missing 8 6 2 

Work engagement mean(sd) 41 (10) 42 (10) 39 (11) 

Missing 55 29 26 

Good job security n (%)    

 No  83(15%) 45(15%) 38(15%) 

Yes  474 (85%) 266(85%) 208(85%) 

Missing 47 26 21 

 

(β=-1.292, 95%CI -2.486, -0.099) and Hannum 

markers (β= -0.915, 95%CI -1.812, -0.019). It is worth 

underlying that if the effort-reward imbalance has a 

value below or close to zero, it indicates a favourable 

condition (low effort, high reward), whereas values 

above 1.0 indicate exposure to work stress, according 

to the model.  

Long working hours and strenuous occupational 

physical activity (OPA) increased the AA of these 

markers by more than 2 years: for working more than 

40 hours/week versus <31 hours/week we observed 

increases in Horvath AA (β=2.075, 95%CI 0.534, 

3.616) and Hannum AA (β=2.483, 95%CI 0.421, 

4.546), and for high-intensity strenuous physical effort 



www.aging-us.com 1134 AGING 

and increase in Hannum AA (β=1.248 95%CI 

0.088,2408).  

 

For men (Supplementary Table 7 in Supplementary 

Materials), DunedinPoAm showed a decreased rate in job 

demand (β=-0.012, 95%CI -0.023, -0.001), but no effect 

was found for job control. An increase was observed for 

evening jobs compared with day ones (β=0.021, 95%CI 

0.002, 0.039). Nevertheless, unlike observed among 

women, no significant effects were found for working 

hours in any of the outcomes analyzed.  

 

Occupational physical activity seems to be beneficial 

in men, where high-intensity strenuous physical effort 

decreases AA for Horvath (β=-1.775, 95%CI -3.282, -

0.267) and Hannum (β=-1.22, 95%CI -2.348, -0.092) 

with an opposite effect for GrimaAge in intermediate 

intensity (β=1.651 95%CI 0.4, 2.901). GrimAge was 

also negatively associated with white-collar 

occupational class (β=-1.245, 95%CI -2.164, -0.325). 

Lack of job security increased by more than one year 

the Hannum marker (β=1.132, 95%CI 2.191, 0.072), 

although it was expected to capture a stressful 

condition. 

DISCUSSION 
 

In this work, we assessed the association (and its 

magnitude) of five biomarkers of epigenetic age 

acceleration with work-related stress and well-being 

indicators (as well as other employment characteristics) 

in the Northern Finland Birth Cohort 1966, at 46 years 

old. Overall, we have observed small magnitude of age 

acceleration for job-related stress variables in the range 

of ±2 years, compared with those of non-communicable 

disease risk factors (e.g. current smoking is associated 

with 4.73 years increasing GrimAge age acceleration 

(AA) marker).  

 

Pooled linear regression results (men and women 

jointly) showed inconsistent patterns of associations of 

job stress compared with the current literature, and few 

statistically significant results once we adjusted for 

covariates. Horvath and Hannum EAA were positively 

(accelerating aging) associated with working longer 

hours, with a significant trend in risk, but in contrast to 

our expectations, were also positively associated with 

job security and negatively (decelerating aging) 

associated with higher effort, high strain and high 

 

 
 

Figure 1. Effect size and 95% confidence intervals (interpretable as years of increase/decreasing epigenetic age and rate of 
aging) of the association between the four epigenetic aging biomarkers and the pace of aging and modifiable risk factor. 
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Table 3. Unadjusted coefficient estimates form linear regression with 95% confidence intervals.  

    

HorvathAA HannumAA PhenoAgeAA GrimAgeAA DunedinPoAm 

Estimates (95% 

CI) 

Estimates 

(95% CI) 

Estimates (95% 

CI) 

Estimates (95% 

CI) 

Estimates (95% 

CI) 

Job Status 

permanent Ref. Ref. Ref. Ref. Ref. 

 temporary 
-1.28  

(-2.527,-0.034) * 

-0.823  

(-1.754,0.108)  

0.132  

(-1.365,1.629)  

0.607  

(-0.66,1.873)  

0.014  

(-0.008,0.036)  

unemployed 
0.21  

(-1.161,1.582)  

0.105  

(-0.92,1.129)  

0.895  

(-0.752,2.543)  

1.741  

(0.347,3.135) * 

0.019  

(-0.005,0.043)  

Employer 

private employer Ref. Ref. Ref. Ref. Ref. 

state/municipality 
-0.34  

(-1.012,0.333)  

-0.253  

(-0.756,0.249)  

0.187  

(-0.62,0.994)  

-1.219  

(-1.885,-0.552) * 

-0.006  

(-0.017,0.006)  

Occupational 

group 

Blue collars Ref. Ref. Ref. Ref. Ref. 

White collars 
0.136  

(-0.55,0.822)  

0.088  

(-0.425,0.602)  

0.006  

(-0.816,0.828)  

-1.447  

(-2.127,-0.768) * 

-0.015  

(-0.026,-0.003) * 

Job control   
0.328  

(-0.109,0.765)  

0.199  

(-0.128,0.526)  

-0.226  

(-0.751,0.299)  

-0.225  

(-0.665,0.214)  

-0.004  

(-0.012,0.003)  

Job demand   
0.022  

(-0.478,0.522)  

0.048  

(-0.325,0.422)  

-0.307  

(-0.907,0.292)  

-0.356  

(-0.857,0.145)  

-0.005  

(-0.013,0.004)  

Job strain Linear    
-0.488  

(-1.257,0.281)  

-0.27 (-

0.845,0.305)  

-0.095  

(-1.014,0.823)  

-0.153  

(-0.921,0.615)  

0  

(-0.014,0.013)  

Job strain  

Low strain Ref. Ref. Ref. Ref. Ref. 

active work 
0.151  

(-0.767,1.069)  

0.169  

(-0.517,0.855)  

-1.201  

(-2.292,-0.11) * 

-0.342  

(-1.258,0.573)  

-0.008  

(-0.024,0.008)  

passive work 
0.112  

(-0.886,1.109)  

0.139  

(-0.606,0.884)  

-0.685  

(-1.871,0.501)  

0.21 (-

0.784,1.205)  

0.004  

(-0.013,0.021)  

high strain 
-0.355  

(-1.353,0.643)  

-0.225  

(-0.971,0.52)  

-0.262  

(-1.448,0.924)  

0.016  

(-0.979,1.011)  

0.005  

(-0.012,0.022)  

Job strain 

quotient 
  

-0.938  

(-2.087,0.211)  

-0.557  

(-1.417,0.302)  

-0.232  

(-1.606,1.143)  

0.059  

(-1.09,1.208)  

0.001  

(-0.019,0.021)  

Job strain tertile 

Low strain Ref. Ref. Ref. Ref. Ref. 

 Intermediate 

strain 

-0.48  

(-1.313,0.353)  

-0.237  

(-0.86,0.386)  

-1.026  

(-2.017,-0.035) 

* 

0.041  

(-0.79,0.872)  

0  

(-0.014,0.014)  

 high strain 
-0.442  

(-1.273,0.389)  

-0.253  

(-0.875,0.368)  

-0.193  

(-1.182,0.795)  

-0.441  

(-1.27,0.388)  

-0.001  

(-0.015,0.014)  

Effort   
-0.413  

(-0.909,0.084)  

-0.312  

(-0.683,0.059)  

-0.246  

(-0.848,0.356)  

0.758  

(0.259,1.258) * 

0.009  

(0.001,0.018) * 

Reward   
0.087  

(-0.53,0.704)  

0.177  

(-0.284,0.639)  

0.237  

(-0.505,0.979)  

0.327  

(-0.292,0.946)  

0.002  

(-0.009,0.013)  

Effort-Reward 

Imbalance 
  

-0.524  

(-1.365,0.318)  

-0.451  

(-1.08,0.178)  

-0.396  

(-1.411,0.619)  

0.795  

(-0.05,1.639)  

0.011  

(-0.003,0.026)  

Overcommitment   
0.171  

(-0.353,0.694)  

0.102  

(-0.29,0.494)  

0.131  

(-0.498,0.76)  

0.148  

(-0.384,0.68)  

0  

(-0.009,0.009)  

Work history 

At least 

temporary 

unemployed 

Ref. Ref. Ref. Ref. Ref. 

 Continuously 

Employed 

0.236  

(-0.41,0.882)  

0.238  

(-0.244,0.72)  

-0.11  

(-0.883,0.662)  

-0.665  

(-1.321,-0.008) * 

-0.01  

(-0.021,0.001)  

Occupational 

Physical Activity 

Low Intensity Ref. Ref. Ref. Ref. Ref. 

 Intermediate 

Intensity 

-0.282  

(-1.304,0.74)  

-0.149  

(-0.913,0.615)  

0.446  

(-0.787,1.679)  

1.369  

(0.342,2.395) * 

0.013  

(-0.005,0.031)  

 High Intensity 
0.066  

(-0.944,1.076)  

0.158  

(-0.597,0.913)  

0.753  

(-0.465,1.971)  

0.68  

(-0.334,1.693)  

-0.003  

(-0.021,0.014)  

Working hours 

per week 

less than 31 

hours 
Ref. Ref. Ref. Ref. Ref. 

31-40 hours 
1.247  

(-0.181,2.675)  

0.959  

(-0.108,2.026)  

-0.521  

(-2.254,1.213)  

0.044  

(-1.407,1.495)  

-0.002  

(-0.027,0.024)  
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more than 40 

hours 

2.058  

(0.517,3.599) * 

1.567  

(0.415,2.719) * 

0.085  

(-1.786,1.956)  

0.573 (-

0.994,2.139)  

0.001  

(-0.026,0.028)  

Working shift Day job Ref. Ref. Ref. Ref. Ref. 

 Evening/shift 
0.455  

(-0.383,1.293)  

0.391  

(-0.236,1.019)  

0.585  

(-0.428,1.598)  

0.733  

(-0.114,1.58)  

0.015  

(0.001,0.03) * 

Work attitude   
-0.004  

(-0.097,0.089)  

-0.01  

(-0.079,0.059)  

-0.006  

(-0.117,0.105)  

-0.041 (-

0.135,0.052)  

-0.001  

(-0.003,0.001)  

Work 

engagement 
  

0.005  

(-0.028,0.037)  

0.003  

(-0.021,0.028)  

0.009  

(-0.03,0.049)  

-0.049 (-0.081,-

0.016) * 

-0.001  

(-0.001,0) * 

Good job 

security  
No Ref. Ref. Ref. Ref. Ref. 

  Yes 
1.016  

(0.089,1.944) * 

0.778  

(0.084,1.471) * 

0.872  

(-0.251,1.996)  

-0.11  

(-1.052,0.831)  

-0.005  

(-0.021,0.011)  

 

effort-reward imbalance, although for the latter two 

differences were not significant. The other biomarkers 

were statistically significantly associated for job strain 

(decelerated epigenetic aging in active workers) for 

PhenoAgeAA and job category (decelerated EEA in 

white collars compared with blue collars in 

GrimAgeAA). 

 

Once we stratified analyses by sex, a different pattern 

of association emerged, with women leading on the 

statistically significant results. Although job strain 

was overall not significantly associated with  

EAA, for some aging biomarkers, the effect size for 

women and men were in opposite directions. For 

example, in GrimAgeAA, women showed an 

accelerating effect for job demands and consequently 

for two job strain formulations. Among women, effort 

and effort-reward imbalance presented a less 

accelerating effect when compared with men, and the 

same pattern was detected with overcommitment for 

all the outcomes.  

 

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

have been associated with increased risk of chronic 

conditions like stroke or breast cancer [41, 42], and 

working long hours is a risk factor for shortened 

sleeping hours and difficulty falling asleep [43]. A 

Japanese study conducted among white-collar factory 

workers found that long working hours lead to sleep 

problems in a dose–response manner and impeded 

adequate recovery from fatigue, resulting in 

cumulative fatigue [44]. A previous study [45] found 

that men working long hours showed a worse 

cardiometabolic and inflammatory profile and 

increased anthropometric markers compared to those 

who did not work long hours; this was not confirmed 

in women, where these relations were absent or weak. 

Our study found that women have an increase of age 

acceleration over two years for Hannum and Horvath 

AA, when working for more than 40 hours/week. 

While we are not able to understand the biological 

mechanism, a study in UK found that among women 

working long hours and weekends deteriorates their 

mental health and increases depressive symptoms [46]. 

We hypothesize that mental health is acting as a 

mediator between the long hours of work and age 

acceleration, as findings of association between 

depression and AA start to emerge [47, 48]. 

 

High-intensity physical effort at work had an 

increasing effect for women but a decreasing effect in 

men. This contrasting result in men and women seems 

to point to the idea that the effects of job stress are 

different in the two genders [49], with women being 

affected more at an emotional level. While our 

intention was not to assess gender differences, nor we 

detect any substantial pattern in this sense, other fields 

such as occupational psychology [50] have assessed 

differences in work stress management. It has been 

observed that women express greater psychosomatic 

complaints when working in high demand, low 

control, and low support settings than their males [50]. 

While we have no evidence from our data, the 

increased effect in OPA seen for women might also be 

related to the heavy features of their jobs that like 

cleaning or nursing.  

 

The effort-reward imbalance that represents “the 

interaction between a person’s cognitions, emotions, 

and behaviours, and the material and social work 

context” decreased the AA for both Horvath and 

Hannum markers in both genders, although 

significantly only among women. This seems in 

contrast with results from another study suggesting 

that women who experienced a higher level of reward 

showed more positive health functioning. This might 

be because women seem to experience a higher 

buffering effect from social support than from job 

control. Likewise, a recent study [51] conducted on 

the German socio-economic panel data, reported 

higher values for men in ‘effort’ and effort-reward 

ratio but no significant gender differences for the 
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association between effort–reward imbalance model 

and the risk of self-reported depression.  

 

Different epigenetic age acceleration indicators seem to 

represent different aspects of aging. HannumAA has 

been described as a biomarker of immune system 

ageing and demonstrated sensitivity to variations in the 

environment and lifestyle. At the same time, 

HorvathAA is a stable indicator of metabolic aging 

processes [52]. However, we have found that 

HorvathAA and HannumAA indicators are highly 

correlated, as reported by Lau et al. [53], in contrast 

with others who reported low correlation values [54]. 

Our results confirmed that the GrimAge clock is higher 

in smokers (past and current) and in relation to alcohol 

intake, as also found by Kresovich et al. [54]; in fact, 

the clock is constructed as the composite of 8 DNA 

methylation-based markers for plasma proteins and self-

reported smoking packs [32] making it more responsive 

to smokers. Differences by gender were statistically 

significant for all AA markers, but female gender was 

positively associated with Horvath, Hannum and 

GrimAge, and negatively associated with PhenoAge 

and DunedinPoAm. This points to the observed 

difference between women and men, who present a 

diverse pattern in terms of epigenetics [49–51], which 

was the main reason to add, despite the small sample 

size, the sex-stratified analysis. Singmann et al. [55] 

have identified and validated 1,184 CpG sites to be 

differentially methylated between men and women; for 

these CpGs there is large overlap with the CpG sites 

used to define the EEAA. For Hannum the overlap is 

28%, for Horvath 17%, for PhenoAge 14%, and for 

DunedinPoAm is 76%. However, the pace of aging is 

the indicator that discriminates less across variables. 

 

Lastly, we observed that adjusted associations for the 

biomarkers with known risk factors are mostly not 

associated, except for smoking levels in GriamAgeAA 

and DunedinPoAm. While others have found similar 

pattern, for example, in Fiorito et al. [9], the effect size 

of the association of BMI, alcohol consumption, and 

physical activity was less than one-year comparing 

extreme categories and similar results have been 

obtained [56, 57].  

 

This paper is one of the first attempts to address the 

working dimension of epigenetic age acceleration 

indicators, to the best of our knowledge. The NFBC 1966 

cohort at the age of 46 years offers a rich questionnaire 

that allows studying a general population-based sample 

representing all occupations and sectors of economy 

which makes it an ideal setting of studying employment-
related factors in relation to other health predictors. With 

this study population, where all the participants were 

born in the same year in the same geographical region, 

we minimized confounding by changes in working life 

circumstances along with macroeconomic trends. In other 

studies [9], the participants usually have different ages, 

geographical backgrounds, and working life exposures. 

As pointed out by Belsky et al. [33], the four age 

acceleration indicators were developed on blood DNA 

methylation, making them highly sensitive to changes  

in chronological age. The drawback is that '…clocks 

confound methylation patterns arising from early-life 

exposures to methylation-altering factors with 

methylation patterns related to biological ageing 

during adulthood' [33].  

 

There are some limitations in this study. The limited 

sample size of subjects with both DNA methylation data 

and job variables affected the regression analysis. It 

could explain the lack of power in identifying robust 

work-stress associations, as also did the low Cronbach 

alpha for overcommitment and reward. Although the 

questionnaire is detailed on work-related factors, 

established work stress-related scales, details on job 

typologies, duration of the work stress or financial job 

insecurity have not been specifically investigated. Job 

strain was queried on a reduced number of items from 

the original Job Content Questionnaire [58], accounting 

for 42 items. Furthermore, due to the small sample size, 

other work-related indicators have been collapsed in 

binary variables, implying low variability.  

 

The subjects in NFBC are mostly permanently occupied, 

with little worries about job security as 85% rated their 

job as secure. 77% worked less than or up to 40 hours per 

week and in a diurnal job with no shifts. Overall, the 

sample is homogenous, and stems from a Nordic welfare 

society with rather favourable working conditions and 

women participating in working life equally often as 

men, although the distribution of occupations is quite 

gendered as in most societies – women predominate 

nursing, men construction etc. Nevertheless, the 

characteristics of the NFBC dataset could be the reason 

for the inconsistent results observed. In a previous study 

conducted on the NFBC data (n=6496) Ek et al. [38] 

evaluated the employment trajectories over 30 years 

(ages 16 to 45), derived by latent class analysis of 

retrospective employment history calendars. It emerged 

that the employment trajectories most favourable for 

work-related well-being in midlife were rooted in social 

investments during early life and characterized by 

attainment of higher education and self-employment. 

 

Nonetheless, this is one of the first studies to quantify 

the relation between a large variety of job-related 

variables and epigenetic age acceleration and pace of 
ageing. Our results suggest that women and men present 

different associations with different epigenetic 

distributions regarding work-related stress indicators. 
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We advocate for further studies to be carried out for 

detailed patterns in different types of jobs [59] and in 

different societies as well as using measurements that 

target the longitudinal effects of the work environment 

and employment histories on stress and health and that 

account for gender differences. 

 

MATERIALS AND METHODS 
 

Study population 

 

The study sample consisted of 604 participants from the 

ongoing Northern Finland Birth Cohort 1966 (NFBC), a 

longitudinal research program established to promote 

population-level health and well-being. The NFBC was 

started as a cohort of mothers and newborns with 

expected date in 1966 in the provinces of Oulu and 

Lapland (Finland), including over 95% of births in the 

region. The initial aim was to examine the risk factors in 

preterm birth and the consequences of adverse outcomes 

and subsequent morbidity. Later on, data were collected 

at 1, 14, 31 and 46 years old through clinical 

examination, questionnaires (lifestyle, employment and 

working conditions), and national records to improve 

population health and well-being [60, 61]. From the 46 

years old questionnaires, we selected participants 

belonging to the work force [employed (part-time, full 

time, self-employed) and unemployed subjects] for which 

DNA methylation data [62] were available (a random 

sample), as shown in the flowchart (see Supplementary 

Figure 1 in Supplementary Materials).  

 

Computation of epigenetic clock measures 

 

We have calculated four epigenetic age indicators: 

Horvath [1] DNAm age based on the weighted average 

of 353 age-related CpG; Hannum [6] DNAm age based 

on 71 blood specific age-related CpGs; Pheno [63] 

DNAm age based on 513 phenotypic age-related CpGs 

and DNAm GrimAge [32].  

 

Based on these epigenetic clocks we defined the 

extrinsic epigenetic age acceleration (EAA), as the 

primary outcome, obtained from the residual values  

of the linear regression of epigenetic age on 

chronological age. Positive values of EAA indicated 

faster biological aging, while negative values indicated 

decelerated aging.  

 

This four EAAs measure how much ageing has 

occurred in an individual up to the point of 

measurement. To assess how fast the subject is ageing, 

we included DunedinPoAm [33] an indicator based on 

46 CpGs that is trained on longitudinal data and express 

a rate of biological aging (compared with the Dunedin 

sample on which the measure was trained).  

Work-related indicators 

 

We used questionnaire items at age 46 years to obtain 

the participants’ job characteristics, employment 

history, and work-related stress and well-being 

indicators (see Table 1 for definitions). We included the 

current employment status as permanent, temporary, 

and unemployed. The employer as 'state/municipality' 

or 'private employer' and the occupational group in two 

levels: 'blue collars' (service, sale staff, care staff, 

farmers, building, repairs, transport workers) and 'white 

collars' (directors, senior management, advisors and 

official's office workers and customer service).  

 

Indicating work-related stress, Job strain [58] was 

included as a linear term, as the quotient of demands over 

control and as categorical at three (low, intermediate, and 

high strain) and four levels (high strain, active, passive, 

low strain) reference. As another work stress measure, 

effort-reward imbalance (ERI) [64] was computed as 

means of reward and effort scales and as a means ratio 

(effort/reward). Furthermore, overcommitment was the 

sum of six items of questions that investigated the extent 

of excessive investment to work. 

 

We included strenuousness of occupational physical 

activity (OPA) (low, moderate, and high intensity) and 

employment history (Continuously vs discontinuously 

employed); excessive working hours and shift (less than 

31 hours per week, 31-40 hours, and more than 40 

hours) and when working hours occurred as shift by 

splitting the answers between 'day job (06-18)' and 

'evening/night job'.  

 

Regarding work-related well-being, we collected work 

favouring attitude as the sum of five items from Kahn 

and Wiener [65]; and work engagement using the 

Utrecht Work Engagement Scale [66]. Good job 

security (yes/no) was collected. Details on the definition 

of work-related indicators and their Cronbach Alpha are 

in Supplementary Materials.  

 

Covariates 

 

As additional variables, we have included established 

lifestyle-related risk factors for poor health and 

accelerated ageing. Smoking was classified as: never, 

past and current smoker. Alcohol consumption was 

categorized as a non-drinker, moderate or heavy 

drinker, based on questions on how often and what type 

of drinks (wine, spirits, beer/cider).  

 

Body Mass Index (BMI) is presented in three levels 
(optimal < 24.9, overweight 25-29.9, obese>=30); the 

educational level was classified as basic (< 9 years of 

school and no vocational education or only short 
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course), secondary (vocational school or college degree 

and/or matriculation examination) or tertiary 

(polytechnic or university degree) [67]. Leisure-time 

physical (LPA) activity has been derived by a 

combination of questions that accounted for the type of 

activity (brisk/light) and duration and weekly frequency 

and summarised in three levels: inactive, moderately 

active, and very active/active [68]. Age was excluded 

because chronological age has zero correlation with age 

acceleration measures (by definition) and we defined 

sex from birth records.  

 

Statistical methods 

 

We computed the descriptive statistics (mean and 

standard deviation) for all the continuous variables and 

frequency for categorical variables and the Pearson 

correlation for the four EEAA measures and 

DunedinPoAm. To evaluate the association of the 

epigenetic clocks and DunedinPoAm with job 

measures, we evaluated the association using the Chi-

Square test for categorical exposure, Student t-test or 

Analysis of variance for continuous ones. Initially, to 

assess the effect of risk factors on the biomarkers, we 

fitted linear regression models for all the outcomes. 

Further linear models were fitted for unadjusted and 

fully adjusted for sex, alcohol consumption, smoking, 

BMI, educational levels, and physical activity. As a 

sensitivity analysis, we investigated fully adjusted 

models separated by sex. Results are reported as 

estimates, and 95% confidence intervals and as 

standardized estimates. Linear regression assumptions 

were assessed on residual. 

 

Compliance with ethical standards 

 

All participants gave written informed consent in 

accordance with the Declaration of Helsinki 1975, as 

revised in 2000, at each stage of the study. The Ethics 

Committee approved the study of the Northern 

Ostrobothnia Hospital District. 

 

Data availability  

 

NFBC data is available from the University of Oulu, 

Infrastructure for Population Studies. Permission to use 

the data can be applied for research purposes via 

electronic material request portal. In the use of data, we 

follow the EU general data protection regulation 

(679/2016) and Finnish Data Protection Act. The use of 

personal data is based on cohort participant’s written 

informed consent at his/her latest follow-up study, 

which may cause limitations to its use. Please, contact 
NFBC project center (NFBCprojectcenter@oulu.fi) and 

visit the cohort website (http://www.oulu.fi/nfbc) for 

more information. 
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SUPPLEMENTARY MATERIALS 

 

Work-related stress and well-being in association 

with epigenetic age acceleration: A Northern 

Finland Birth Cohort 1966 Study 
 

DNA data collection 

 
Fasting blood samples were collected at follow-up of 

participants at ages 31 and 46 years and stored at −80° C 

for subsequent biomarker profiling DNA samples were 

obtained from 5,923 subjects from NFBC1966. In 2012, 

all individuals with a known address in Finland were sent 

postal questionnaires and an invitation for a clinical 

examination questionnaire and clinical data was collected 

for 5539 participants. DNA methylation at 46 years was 

extracted for 807 randomly selected subjects with both 

questionnaire and clinical data. Among these individuals, 

DNA methylation data at 46 years were for 766 subjects. 

Detailed and technical aspects are reported [1]. 

 

Work-related indicators' definitions 

 

Job strain 

We computed the job strain dimension using a modified 

Karasek's Job Content Questionnaire [2]. Job control 

was measured using 9 items (Cronbach α =0. 86) and 

questions were rated from 'very little' (1) to 'a lot' (5). 

Job Control contains 3 items on the ability to use skills 

and learning new things and 6 items on the possibilities 

to decision making: influencing work tasks, order of 

performing tasks, work pace, methods, distribution, and 

with whom to work.  

 

Job demands were measured using 4 items (Cronbach α 

=0. 81), investigating to what extent the following 

capabilities are required in performing own work: 

Reacting quickly, Paying attention to details, Patience, 

and Concentration. They were rated from' almost not at 

all' (1) to 'very much' (5). We first averaged the scores 

for control and demands items and analysed them 

separately, and then constructed 4 alternative 

formulations of job strain that have previously been 

used in studies on the demand-control model [3]: 

 

i. The linear term was a continuous job strain variable 

obtained from the following equation: (0.5 x job 

demand score) - (0.5 x job control score). 

 

ii. The categories were classified as "high strain" (high 

demands and low job control), "active" (high 

demands and high control), "passive" (low demands 

and low control), and "low strain" (low demands 

and high control), dividing demand and control at 

their median score [4]. 

iii. The quotient term was formed by dividing the sum 

of job demands by the sum of job control. 

 

iv. The tertile job strain divided the distributions of 

demands and job control into thirds, as in a previous 

study by Green and Johnson [5]. The highest 2 

tertiles in demands combined with the lowest 2 

tertiles in job control formed the high-strain 

category. The lowest 2 tertiles in demands combined 

with the highest 2 tertiles in control formed the low-

strain category. All other combinations were placed 

into the intermediate strain category. Job strain was 

coded as an ordinal variable ranging from low, 

intermediate, and high strain. 

 

Effort-reward imbalance (ERI) 
 

We measured the Effort-Reward imbalance (ERI) using 

the Occupational Stress Questionnaire [6]. Effort was 

measured with a three-item scale (e.g., 'I have constant 

time pressure due to a heavy workload') (Cronbach's α = 

0.69) and reward with a four-item scale for reward (e.g., 

'I receive the respect I deserve from my superiors') (α = 

0.05), all rated on a scale from 1 (strongly agree) to 4 

(strongly disagree). The Effort scale measures 

employees' time and energy invested in the job. The 

Reward scale, in turn, assesses contentment with the 

amount of salary, job security and self-acceptance at 

work. ERI was calculated by dividing the mean score of 

effort by the mean score of reward. That is, struggling 

with high efforts but receiving low rewards is postulated 

to increase the risk for experiencing work stress [7]. 

Hence, high scores of the ratio (effort/ reward) refer to 

higher job stress. 

 

Overcommitment 
 

We assessed overcommitment [6] using the sum of 6 

items (Cronbach α =0. 43) rated from 'totally agree' (1) 

to 'totally disagree' (4). Questions investigated 

agreement with the statements of feeling easily 

paralyzed by the time pressures of the work; starting to 

think about work as soon as waking up in the morning; 

finding it easy to relax and "switch off" when coming 

home from work; the close ones telling me that I 

sacrifice too much to my work; being rarely able to let 

go of work stuff which stays on my mind when I go to 

bed; and having it difficult to fall asleep when 

postponing something that was due today.  

 

Occupational physical activity (OPA) 
 

Levels of physical job strenuousness were evaluated 

using the question "to what extent are the following 

tasks and postures part of your job." The participants 

had to evaluate the extent of certain tasks (e.g., "heavy 
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physical work in which the body has to struggle," 

"lifting loads over 15 kg") and postures (e.g., 

"standing," "bending") in their work. The response scale 

was from 'not at all or very rarely' (1) to 'very often' (5). 

We summed and divided the scores into three groups on 

the basis of the tertile cut-offs: low, moderate, and high 

intensity [8]. 

 

Employment history  

 

From the questionnaire, we selected the question [9]: 

which of the following alternatives (from always 

continuously employed to never in gainful 

employment) best describes your employment 

history? We created two groups: the' Continuously 

employed' including those who answered, 'I have 

always been employed through my work history' and 

the 'at least temporary unemployed' including those 

who answered to have experienced occasional 

unemployment, more time as unemployed than as 

employed or never have done paid work. 

 

Working hours and shift 

 

From the questionnaire, we selected the question 'how 

many hours of paid work do you do on average per 

week?' and we categorized in three levels: less than 31 

hours per week, 31-40 hours, and more than 40 hours.   

And to assess when those working hours occurred, we 

split the answers between 'day job (06-18)' and 

'evening/shift job'. 

 

Work-favouring attitude  

 

Reflecting personal attitude and commitment towards 

one's work-related social role, work favouring attitude 

was measured using the scale introduced by Kahn and 

Wiener [10]. Of the original six items, five represent 

positive work-favouring attitudes (e.g., "Work, for me, is 

a calling, or a way to exercise and master gratifying skills, 

or a means to provide income") and one item represents a 

negative attitude ("Work is a necessary evil one has to do 

to make a living"), that was excluded (Cronbach α =0. 

79). In remaining 5-item scale was used indicating the 

magnitude of a positive work-favouring attitude, answers 

ranging from 'very little' (1) to 'very much' (5) [11].  

 

Work engagement 

 

Work engagement is obtained as the sum of the score of 

9 items (Cronbach α =0. 92)  using the Utrecht Work 

Engagement Scale [12]. We used the mean score [11] of 

nine items measured on a 7-point Likert-scale (e.g., "I 
feel bursting with energy when I am working") asking 

how often the item could be endorsed by the participant 

(ranging from 0= never to 6=everyday).  

Job security  

 

We assessed with one question the perception of job 

security and collapsed the four possible answers from 

'very good' (1) to 'very poor' (4), in two levels 'Yes' (1 

and 2) and 'No' (3 and 4).  
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Supplementary Figure  
 

 
 

Supplementary Figure 1. Flowchart of the study population in the NFBC 1966. 
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Supplementary Tables 
 

Supplementary Table 1. P-values for analysis of variance (ANOVA) and chi-square test, for all job exposures 
and risk factors.  

ANOVA  

P-values 
Sex* BMI Education Physical activity Alcohol consumption Smoking 

Control 0.04 0.18 <0.001 0.34 0.82 0.65 

Demand <0.001 0.31 <0.001 0.24 0.12 0.38 

Job strain <0.001 0.45 <0.001 0.57 0.32 0.45 

Job strain linear <0.001 0.33 <0.001 0.37 0.23 0.5 

Job strain quotient <0.001 0.45 <0.001 0.57 0.32 0.45 

Effort 0.01 0.62 <0.001 0.47 0.61 <0.001 

Reward 0.29 0.56 0.03 0.91 <0.001 0.22 

Effort-Reward Imbalance 0.03 0.9 0.2 0.58 0.24 0.02 

Overcommitment 0.02 0.35 0.05 0.08 0.91 0.09 

Work attitude <0.001 0.54 <0.001 0.1 0.2 0.24 

Work engagement  <0.001 0.49 <0.001 0.06 0.05 0.1 

Chi Square 

P-values 
      

Job status <0.001 0.61 0.27 0.86 0.71 0.23 

Employer <0.001 0.17 <0.001 0.57 0.03 <0.001 

Occupational group 0.98 0.81 <0.001 0.86 0.3 <0.001 

Job Strain quartile <0.001 0.3 <0.001 0.89 0.28 0.75 

Job Strain Revised <0.001 0.05 <0.001 0.16 0.07 0.71 

Work history 0.26 0.38 0.05 0.86 0.76 0.2 

OPA 0.21 0.05 <0.001 0.71 0.55 0.06 

Working hours <0.001 0.87 0.04 0.12 <0.001 0.36 

Shift 0.53 0.14 <0.001 0.66 0.05 0.03 

Job Security  0.84 0.7 0.91 0.95 0.19 0.13 

*For sex is a t-test as it has only two levels.   

 

Supplementary Table 2. Pearson correlations among extrinsic epigenetic age acceleration 
and pace of ageing. 

N=604 Horvath Hannum PhenoAge GrimAge 

Horvath     

Hannum 0.96    

PhenoAge 0.48 0.47   

GrimAge 0.23 0.20 0.31  

DunedinPoAm 0.24 020 0.33 0.78 
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Supplementary Table 3. Adjusted coefficient estimates from linear regression with 95% confidence intervals.  

    

HorvathAA HannumAA PhenoAgeAA GrimAgeAA DunedinPoAm 

Estimates  

(95% CI) 

Estimates  

(95% CI) 

Estimates  

(95% CI) 

Estimates  

(95% CI) 

Estimates  

(95% CI) 

Job Status 

permanent Ref. Ref. Ref. Ref. Ref. 

 temporary 
-1.127  

(-2.422,0.168)  

-0.694  

(-1.661,0.272)  

-0.505  

(-2.017,1.008)  

0.631  

(-0.341,1.602)  

0.005  

(-0.013,0.023)  

unemployed 
0.063  

(-1.325,1.451)  

-0.006  

(-1.042,1.03)  

0.817  

(-0.804,2.438)  

0.602  

(-0.439,1.644)  

0.004  

(-0.015,0.023)  

Employer 

private employer Ref. Ref. Ref. Ref. Ref. 

state/municipality 
0.063  

(-0.699,0.825)  

0.048  

(-0.522,0.618)  

0.116  

(-0.775,1.008)  

-0.096  

(-0.655,0.463)  

0  

(-0.011,0.01)  

Occupational 

group 

Blue collars Ref. Ref. Ref. Ref. Ref. 

White collars 
0.509  

(-0.274,1.292)  

0.318  

(-0.268,0.905)  

0.257  

(-0.653,1.166)  

-0.683  

(-1.264,-0.102) 

* 

-0.002  

(-0.013,0.008)  

Job control   
0.317  

(-0.149,0.782)  

0.169  

(-0.179,0.517)  

-0.186  

(-0.73,0.359)  

-0.154  

(-0.508,0.199)  

-0.001  

(-0.007,0.006)  

Job demand   
0.086  

(-0.446,0.618)  

0.118  

(-0.279,0.514)  

-0.483  

(-1.103,0.137)  

-0.018  

(-0.42,0.384)  

-0.004  

(-0.012,0.003)  

Job strain Linear    
-0.41  

(-1.234,0.415)  

-0.154  

(-0.769,0.462)  

-0.354  

(-1.314,0.605)  

0.157  

(-0.465,0.779)  

-0.005  

(-0.017,0.006)  

Job strain  

Low strain Ref. Ref. Ref. Ref. Ref. 

active work 
0.217  

(-0.724,1.158)  

0.271  

(-0.431,0.973)  

-1.301  

(-2.391,-0.212) * 

0.254  

(-0.454,0.963)  

-0.005  

(-0.018,0.009)  

passive work 
0.177  

(-0.856,1.21)  

0.223  

(-0.547,0.994)  

-0.666  

(-1.862,0.53)  

0.518  

(-0.26,1.296)  

0.005  

(-0.01,0.019)  

high strain 
-0.189  

(-1.256,0.877)  

-0.037  

(-0.832,0.759)  

-0.527  

(-1.761,0.708)  

0.526  

(-0.277,1.329)  

0 (-

0.015,0.015)  

Job strain 

quotient 
  

-0.843  

(-2.066,0.379)  

-0.414  

(-1.328,0.499)  

-0.568  

(-1.992,0.855)  

0.234  

(-0.69,1.157)  

-0.009  

(-0.026,0.008)  

Job strain tertile 

Low strain Ref. Ref. Ref. Ref. Ref. 

 Intermediate 

strain 

-0.328  

(-1.194,0.538)  

-0.101  

(-0.748,0.545)  

-0.942  

(-1.946,0.062)  

0.31  

(-0.343,0.963)  

0.001  

(-0.012,0.013)  

 high strain 
-0.226  

(-1.109,0.657)  

-0.032  

(-0.691,0.627)  

-0.283  

(-1.307,0.741)  

0.133  

(-0.532,0.799)  

-0.002  

(-0.014,0.011)  

Effort   
-0.582  

(-1.098,-0.066) * 

-0.44  

(-0.825,-0.054) * 

-0.323  

(-0.932,0.285)  

0.013  

(-0.381,0.408)  

0.001  

(-0.006,0.008)  

Reward   
0.115  

(-0.53,0.76)  

0.212  

(-0.27,0.693)  

0.049  

(-0.705,0.803)  

0.095  

(-0.391,0.58)  

-0.005  

(-0.014,0.004)  

Effort-Reward 

Imbalance 
  

-0.734  

(-1.598,0.13)  

-0.61  

(-1.255,0.036)  

-0.38  

(-1.394,0.634)  

0.021  

(-0.632,0.673)  

0.004  

(-0.008,0.016)  

Overcommitment   
0.097  

(-0.448,0.641)  

0.065  

(-0.343,0.472)  

0.24  

(-0.396,0.876)  

-0.029  

(-0.443,0.386)  

0  

(-0.008,0.008)  

Work history 

At least 

temporary 

unemployed 

Ref. Ref. Ref. Ref. Ref. 

 Continuously 

Employed 

0.205  

(-0.46,0.87)  

0.232  

(-0.263,0.728)  

-0.064  

(-0.838,0.709)  

-0.406  

(-0.905,0.092)  

-0.005  

(-0.014,0.005)  

Occupational 

Physical Activity 
Low Intensity Ref. Ref. Ref. Ref. Ref. 

strenuousness 

 Intermediate 

Intensity 

-0.357  

(-1.42,0.705)  

-0.176  

(-0.971,0.618)  

0.472  

(-0.775,1.719)  

0.638  

(-0.169,1.445)  

0.002  

(-0.013,0.017)  

 High Intensity 
-0.345  

(-1.406,0.715)  

-0.087  

(-0.88,0.705)  

0.623  

(-0.621,1.867)  

0.017  

(-0.787,0.822)  

-0.013  

(-0.028,0.002)  

Working hours 

per week 

less than 31 

hours 
Ref. Ref. Ref. Ref. Ref. 
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31-40 hours 
1.511  

(-0.001,3.022) * 

1.171  

(0.042,2.3) * 

-0.446  

(-2.227,1.336)  

-0.629  

(-1.783,0.526)  

-0.006  

(-0.028,0.015)  

more than 40 

hours 

2.009 

(0.368,3.651) * 

1.547 

(0.321,2.772) * 

0.197  

(-1.737,2.132)  

-0.657  

(-1.911,0.597)  

-0.005  

(-0.028,0.018)  

Working shift 

Day job Ref. Ref. Ref. Ref. Ref. 

Evening/shift 
0.346  

(-0.54,1.232)  

0.342  

(-0.322,1.005)  

0.481  

(-0.562,1.524)  

0.176  

(-0.5,0.852)  

0.007  

(-0.005,0.02)  

Work attitude   
0.025  

(-0.073,0.123)  

0.01  

(-0.063,0.083)  

-0.006  

(-0.12,0.109)  

0.04  

(-0.033,0.112)  

0  

(-0.002,0.001)  

Work 

engagement 
  

0.012  

(-0.022,0.046)  

0.008  

(-0.018,0.034)  

0.01  

(-0.03,0.05)  

-0.01  

(-0.036,0.016)  

0  

(-0.001,0)  

Job security  

No Ref. Ref. Ref. Ref. Ref. 

Yes 
1.115  

(0.16,2.071) * 

0.841  

(0.127,1.555) * 

1.015  

(-0.109,2.138)  

-0.01  

(-0.74,0.72)  

-0.004  

(-0.018,0.009)  

Fully adjusted models for: BMI, alcohol consumption, educational level, leisure-time physical activity and smoking. 
*Relevant confidence intervals. 

 

Supplementary Table 4. Standardized unadjusted coefficient estimates from linear regression with 95% 
confidence intervals.  

  HorvathAA HannumAA PhenoAgeAA GrimAgeAA DunedinPoAm 

Estimates (95% CI) Estimates (95% CI) Estimates (95% CI) Estimates (95% CI) Estimates (95% CI) 

Job Status 

permanent Ref. Ref. Ref. Ref. Ref. 

 temporary 
-0.319  

(-0.63,-0.008)* 

-0.275  

(-0.586,0.036) 

0.027  

(-0.284,0.339) 

0.149  

(-0.162,0.459) 

0.202  

(-0.109,0.513) 

unemployed 
0.053  

(-0.29,0.395) 

0.035  

(-0.308,0.378) 

0.186  

(-0.157,0.529) 
0.427 (0.085,0.768)* 

0.27  

(-0.072,0.613) 

Employer 

private employer Ref. Ref. Ref. Ref. Ref. 

state/municipality 
-0.085  

(-0.253,0.083) 

-0.085  

(-0.253,0.083) 

0.039  

(-0.129,0.207) 

-0.299  

(-0.462,-0.135) 

-0.079  

(-0.245,0.086) 

Occupational 

group 

Blue collars Ref. Ref. Ref. Ref. Ref. 

White collars 
0.034  

(-0.137,0.205) 

0.03  

(-0.142,0.201) 

0.001  

(-0.17,0.172) 

-0.355  

(-0.521,-0.188)* 

-0.208  

(-0.374,-0.042)* 

Job control   
0.082  

(-0.027,0.191) 

0.066  

(-0.043,0.176) 

-0.047  

(-0.156,0.062) 

-0.055  

(-0.163,0.052) 

-0.062  

(-0.171,0.046) 

Job demand   
0.006  

(-0.119,0.13) 

0.016  

(-0.109,0.141) 

-0.064  

(-0.189,0.061) 

-0.087  

(-0.21,0.036) 

-0.066  

(-0.189,0.058) 

Job strain 

Linear  
  

-0.122  

(-0.314,0.07) 

-0.09  

(-0.282,0.102) 

-0.02  

(-0.211,0.171) 

-0.037  

(-0.226,0.151) 

-0.006  

(-0.195,0.184) 

Job strain  

Low strain Ref. Ref. Ref. Ref. Ref. 

active work 
0.038  

(-0.191,0.267) 

0.057  

(-0.173,0.286) 
-0.25 (-0.477,-0.023)* 

-0.084  

(-0.308,0.14) 

-0.116  

(-0.342,0.109) 

passive work 
0.028  

(-0.221,0.277) 

0.046  

(-0.203,0.296) 

-0.143  

(-0.39,0.104) 

0.052  

(-0.192,0.295) 

0.054  

(-0.191,0.299) 

high strain 
-0.089  

(-0.337,0.16) 

-0.075  

(-0.324,0.174) 
-0.055 (-0.301,0.192) 

0.004  

(-0.24,0.248) 

0.071  

(-0.173,0.316) 

Job strain 

quotient 
  

-0.234  

(-0.521,0.053) 

-0.186  

(-0.474,0.101) 

-0.048  

(-0.334,0.238) 

0.014  

(-0.267,0.296) 

0.011  

(-0.272,0.294) 

Job strain 

tertile 

Low strain Ref. Ref. Ref. Ref. Ref. 

 Intermediate 

strain 

-0.12  

(-0.328,0.088) 

-0.079  

(-0.287,0.129) 

-0.214  

(-0.42,-0.007)* 

0.01  

(-0.194,0.214) 
-0.002 (-0.207,0.203) 

 high strain 
-0.11  

(-0.318,0.097) 

-0.085  

(-0.292,0.123) 

-0.04  

(-0.246,0.166) 

-0.108  

(-0.311,0.095) 

-0.009  

(-0.214,0.196) 

Effort   
-0.103  

(-0.227,0.021) 

-0.104  

(-0.228,0.02) 

-0.051  

(-0.176,0.074) 

0.186  

(0.063,0.308)* 

0.136  

(0.012,0.26)* 

Reward   0.022  0.059  0.049  0.08  0.03 (-0.122,0.183) 
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(-0.132,0.176) (-0.095,0.214) (-0.105,0.204) (-0.071,0.232) 

Effort-Reward 

Imbalance 
  

-0.131  

(-0.341,0.079) 

-0.151  

(-0.361,0.059) 

-0.082  

(-0.294,0.129) 

0.195  

(-0.012,0.401) 

0.159  

(-0.049,0.367) 

Overcommitm

ent 
  

0.043  

(-0.088,0.173) 

0.034  

(-0.097,0.165) 

0.027  

(-0.104,0.158) 

0.036  

(-0.094,0.166) 

0  

(-0.132,0.131) 

Work history 

At least temporary 

unemployed 
Ref. Ref. Ref. Ref. Ref. 

 Continuously 

Employed 

0.059  

(-0.102,0.22) 

0.08  

(-0.081,0.241) 

-0.023  

(-0.184,0.138) 

-0.163  

(-0.324,-0.002)* 

-0.141  

(-0.302,0.02) 

Occupational 

Physical 

Activity 

Low Intensity Ref. Ref. Ref. Ref. Ref. 

strenuousness 

 Intermediate 

Intensity 

-0.07  

(-0.325,0.185) 

-0.05  

(-0.305,0.206) 
0.093 (-0.164,0.35) 0.335 (0.084,0.587)* 

0.183  

(-0.072,0.439) 

 High Intensity 
0.016  

(-0.235,0.268) 

0.053  

(-0.199,0.305) 
0.157 (-0.097,0.41) 

0.166  

(-0.082,0.415) 

-0.048  

(-0.3,0.204) 

Working hours 

per week 

less than 31  hours Ref. Ref. Ref. Ref. Ref. 

31-40 hours 
0.311  

(-0.045,0.667) 

0.321  

(-0.036,0.677) 

-0.108  

(-0.469,0.253) 

0.011  

(-0.345,0.366) 

-0.022  

(-0.382,0.337) 

more than 40 

hours 

0.513  

(0.129,0.898)* 
0.524 (0.139,0.909)* 

0.018  

(-0.372,0.407) 

0.14  

(-0.243,0.524) 

0.011  

(-0.376,0.399) 

Working shift 

Day job Ref. Ref. Ref. Ref. Ref. 

Evening/shift 
0.113  

(-0.095,0.322) 

0.131  

(-0.079,0.341) 

0.122  

(-0.089,0.333) 

0.18  

(-0.028,0.387) 

0.217 

 (0.008,0.426)* 

Work attitude   
-0.001  

(-0.024,0.022) 

-0.003  

(-0.026,0.02) 

-0.001  

(-0.024,0.022) 

-0.01  

(-0.033,0.013) 

-0.013  

(-0.036,0.009) 

Work 

engagement 
  

0.001  

(-0.007,0.009) 

0.001  

(-0.007,0.009) 

0.002  

(-0.006,0.01) 

-0.012  

(-0.02,-0.004)* 

-0.009  

(-0.017,-0.001)* 

Job security  

No Ref. Ref. Ref. Ref. Ref. 

Yes 0.254 (0.022,0.485)* 
0.26  

(0.028,0.492)* 

0.182  

(-0.052,0.416) 

-0.027  

(-0.258,0.204) 

-0.072  

(-0.305,0.16) 

*Relevant confidence intervals. 

 

Supplementary Table 5. Standardized adjusted linear regression coefficient estimates with 95% confidence 
interval for the epigenetic age and pace of aging. 

  

HorvathAA 

Estimates  

(95% CI) 

HannumAA  

Estimates  

(95% CI) 

PhenoAgeAA 

Estimates 

(95% CI) 

GrimAgeAA 

Estimates (95% 

CI) 

DunedinPoAm 

Estimates 

(95% CI) 

Job Status 

permanent Ref. Ref. Ref. Ref. Ref. 

 temporary 
-1.127  

(-2.422,0.168) 

-0.694  

(-1.661,0.272) 

-0.505  

(-2.017,1.008) 

0.631  

(-0.341,1.602) 

0.005  

(-0.013,0.023) 

unemployed 
0.063  

(-1.325,1.451) 

-0.006  

(-1.042,1.03) 

0.817  

(-0.804,2.438) 

0.602  

(-0.439,1.644) 

0.004  

(-0.015,0.023) 

Employer 

private employer Ref. Ref. Ref. Ref. Ref. 

state/municipality 
0.563  

(-0.42,1.546) 

0.297  

(-0.441,1.034) 

0.415  

(-0.736,1.567) 

0.25  

(-0.454,0.953) 

0.003  

(-0.01,0.017) 

Occupational group 

Blue collars Ref. Ref. Ref. Ref. Ref. 

White collars 
-0.509  

(-1.292,0.274) 

-0.318  

(-0.905,0.268) 

-0.257  

(-1.166,0.653) 

0.683 

(0.102,1.264)* 

0.002  

(-0.008,0.013) 

Job control   
0.317  

(-0.149,0.782) 

0.169  

(-0.179,0.517) 

-0.186  

(-0.73,0.359) 

-0.154  

(-0.508,0.199) 

-0.001  

(-0.007,0.006) 

Job demand   
0.086  

(-0.446,0.618) 

0.118  

(-0.279,0.514) 

-0.483  

(-1.103,0.137) 

-0.018  

(-0.42,0.384) 

-0.004 (-

0.012,0.003) 

Job strain Linear    
-0.41  

(-1.234,0.415) 

-0.154  

(-0.769,0.462) 

-0.354  

(-1.314,0.605) 

0.157  

(-0.465,0.779) 

-0.005  

(-0.017,0.006) 

Job strain  Low strain Ref. Ref. Ref. Ref. Ref. 
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active work 
0.217  

(-0.724,1.158) 

0.271  

(-0.431,0.973) 

-1.301  

(-2.391,-0.212)* 

0.254  

(-0.454,0.963) 

-0.005  

(-0.018,0.009) 

passive work 
0.177  

(-0.856,1.21) 

0.223  

(-0.547,0.994) 

-0.666  

(-1.862,0.53) 

0.518  

(-0.26,1.296) 

0.005  

(-0.01,0.019) 

high strain 
-0.189  

(-1.256,0.877) 

-0.037  

(-0.832,0.759) 

-0.527  

(-1.761,0.708) 

0.526  

(-0.277,1.329) 

0  

(-0.015,0.015) 

Job strain quotient   
-0.843  

(-2.066,0.379) 

-0.414  

(-1.328,0.499) 

-0.568  

(-1.992,0.855) 

0.234  

(-0.69,1.157) 

-0.009  

(-0.026,0.008) 

Job strain tertile 

Low strain Ref. Ref. Ref. Ref. Ref. 

 Intermediate strain 
-0.328  

(-1.194,0.538) 

-0.101  

(-0.748,0.545) 

-0.942  

(-1.946,0.062) 

0.31  

(-0.343,0.963) 

0.001  

(-0.012,0.013) 

 high strain 
-0.226  

(-1.109,0.657) 

-0.032  

(-0.691,0.627) 

-0.283 (-

1.307,0.741) 

0.133  

(-0.532,0.799) 

-0.002  

(-0.014,0.011) 

Effort   
-0.582  

(-1.098,-0.066)* 

-0.44  

(-0.825,-0.054)* 

-0.323  

(-0.932,0.285) 

0.013  

(-0.381,0.408) 

0.001  

(-0.006,0.008) 

Reward   
0.115  

(-0.53,0.76) 

0.212  

(-0.27,0.693) 

0.049  

(-0.705,0.803) 

0.095  

(-0.391,0.58) 

-0.005  

(-0.014,0.004) 

Effort-Reward 

Imbalance 
  

-0.734  

(-1.598,0.13) 

-0.61  

(-1.255,0.036) 

-0.38 (-

1.394,0.634) 

0.021  

(-0.632,0.673) 

0.004  

(-0.008,0.016) 

Overcommitment   
0.097  

(-0.448,0.641) 

0.065  

(-0.343,0.472) 

0.24  

(-0.396,0.876) 

-0.029  

(-0.443,0.386) 

0  

(-0.008,0.008) 

Work history 

At least temporary 

unemployed 
Ref. Ref. Ref. Ref. Ref. 

Continuously 

Employed 

0.205  

(-0.46,0.87) 

0.232  

(-0.263,0.728) 

-0.064  

(-0.838,0.709) 

-0.406  

(-0.905,0.092) 

-0.005  

(-0.014,0.005) 

Occupational 

Physical Activity 
Low Intensity Ref. Ref. Ref. Ref. Ref. 

strenuousness 

 Intermediate 

Intensity 

-0.357  

(-1.42,0.705) 

-0.176  

(-0.971,0.618) 

0.472  

(-0.775,1.719) 

0.638  

(-0.169,1.445) 

0.002  

(-0.013,0.017) 

 High Intensity 
-0.345  

(-1.406,0.715) 

-0.087  

(-0.88,0.705) 

0.623  

(-0.621,1.867) 

0.017  

(-0.787,0.822) 

-0.013  

(-0.028,0.002) 

Working hours per 

week 

less than 31 hours Ref. Ref. Ref. Ref. Ref. 

31-40 hours 
1.511  

(-0.001,3.022)* 

1.171  

(0.042,2.3)* 

-0.446  

(-2.227,1.336) 

-0.629  

(-1.783,0.526) 

-0.006  

(-0.028,0.015) 

more than 40 hours 
2.009  

(0.368,3.651)* 

1.547  

(0.321,2.772)* 

0.197  

(-1.737,2.132) 

-0.657  

(-1.911,0.597) 

-0.005  

(-0.028,0.018) 

Working shift 

Day job Ref. Ref. Ref. Ref. Ref. 

Evening/shift 
0.346  

(-0.54,1.232) 

0.342  

(-0.322,1.005) 

0.481  

(-0.562,1.524) 

0.176  

(-0.5,0.852) 

0.007  

(-0.005,0.02) 

Work attitude   
0.025  

(-0.073,0.123) 

0.01  

(-0.063,0.083) 

-0.006 (-

0.12,0.109) 

0.04  

(-0.033,0.112) 

0  

(-0.002,0.001) 

Work engagement   
0.012  

(-0.022,0.046) 

0.008  

(-0.018,0.034) 

0.01  

(-0.03,0.05) 

-0.01  

(-0.036,0.016) 

0  

(-0.001,0) 

Job security  

No Ref. Ref. Ref. Ref. Ref. 

Yes 
-1.115  

(-2.071,-0.16)* 

-0.841  

(-1.555,-0.127)* 

-1.015  

(-2.138,0.109) 

0.01  

(-0.72,0.74) 

0.004  

(-0.009,0.018) 

Fully adjusted models for: BMI, alcohol consumption, educational level, leisure-time physical activity and smoking. 
*Relevant confidence intervals. 
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Supplementary Table 6. Women adjusted linear regression coefficient estimates with 95% confidence interval 
for the epigenetic age and pace of aging. 

    

HorvathAA HannumAA PhenoAgeAA GrimAgeAA DunedinPoAm 

Estimates  

(95% CI) 

Estimates  

(95% CI) 

Estimates  

(95% CI) 

Estimates  

(95% CI) 

Estimates  

(95% CI) 

Job Status 

permanent Ref. Ref. Ref. Ref. Ref. 

 temporary 
-1.484  

(-2.922,-0.047) * 

-0.998  

(-2.079,0.082)  

-0.889  

(-2.592,0.813)  

0.762  

(-0.298,1.822)  

0.002  

(-0.018,0.023)  

unemployed 
0.012  

(-2.01,2.034)  

-0.128  

(-1.648,1.392)  

1.125  

(-1.27,3.52)  

1.463  

(-0.028,2.955)  

0.009  

(-0.019,0.038)  

Employer 

private employer Ref. Ref. Ref. Ref. Ref. 

state/municipality 
0.563  

(-0.42,1.546)  

0.297  

(-0.441,1.034)  

0.415  

(-0.736,1.567)  

0.25  

(-0.454,0.953)  

0.003  

(-0.01,0.017)  

Occupational group 

Blue collars Ref. Ref. Ref. Ref. Ref. 

White collars 
0.557  

(-0.482,1.596)  

0.447  

(-0.332,1.225)  

0.577  

(-0.622,1.776)  

-0.306  

(-1.063,0.451)  

0.007  

(-0.007,0.022)  

Job control   
0.413  

(-0.219,1.045)  

0.297  

(-0.177,0.77)  

-0.079  

(-0.818,0.659)  

-0.285  

(-0.749,0.178)  

0.005  

(-0.004,0.014)  

Job demand   
0.203  

(-0.549,0.954)  

0.262  

(-0.299,0.824)  

-0.377  

(-1.251,0.498)  

0.271  

(-0.279,0.82)  

0.002  

(-0.008,0.013)  

Job strain Linear    
-0.398  

(-1.485,0.689)  

-0.185 (-

0.999,0.629)  

-0.435  

(-1.694,0.824)  

0.603  

(-0.184,1.389)  

-0.006  

(-0.022,0.009)  

Job strain  

Low strain Ref. Ref. Ref. Ref. Ref. 

active work 
0.411  

(-0.964,1.786)  

0.393  

(-0.634,1.421)  

-1.414  

(-3.006,0.179)  

0.501  

(-0.499,1.5)  

0.004  

(-0.015,0.023)  

passive work 
0.38  

(-1.156,1.917)  

0.298  

(-0.85,1.446)  

-0.915  

(-2.694,0.864)  

0.316  

(-0.801,1.433)  

-0.003  

(-0.025,0.019)  

high strain 
-0.611  

(-2.006,0.784)  

-0.502  

(-1.544,0.54)  

-1.188  

(-2.803,0.427)  

0.754  

(-0.26,1.768)  

-0.003  

(-0.022,0.017)  

Job strain quotient   
-1.009  

(-2.579,0.561)  

-0.525  

(-1.701,0.652)  

-0.727  

(-2.549,1.094)  

0.728  

(-0.412,1.867)  

-0.014  

(-0.036,0.008)  

Job strain tertile 

Low strain Ref. Ref. Ref. Ref. Ref. 

 Intermediate strain 
0.055  

(-1.198,1.309)  

0.198  

(-0.74,1.136)  

-0.958  

(-2.407,0.491)  

0.216  

(-0.692,1.124)  

-0.009  

(-0.026,0.009)  

 high strain 
-0.21  

(-1.397,0.977)  

-0.148  

(-1.036,0.74)  

-0.567  

(-1.939,0.805)  

0.541  

(-0.319,1.401)  

-0.007  

(-0.023,0.01)  

Effort   
-0.985  

(-1.67,-0.3) * 

-0.679  

(-1.193,-0.165) * 

-0.737  

(-1.547,0.072)  

-0.362  

(-0.874,0.149)  

-0.006  

(-0.016,0.004)  

Reward   
-0.007  

(-0.881,0.866)  

0.06  

(-0.596,0.715)  

-0.223  

(-1.243,0.796)  

0.596  

(-0.03,1.223)  

-0.003  

(-0.015,0.01)  

Effort-Reward 

Imbalance 
  

-1.292  

(-2.486,-0.099) * 

-0.915  

(-1.812,-0.019) * 

-0.669  

(-2.075,0.737)  

-0.769  

(-1.635,0.096)  

-0.007  

(-0.024,0.009)  

Overcommitment   
-0.482  

(-1.189,0.224)  

-0.339  

(-0.868,0.191)  

-0.193  

(-1.019,0.632)  

-0.331  

(-0.853,0.192)  

-0.006  

(-0.016,0.005)  

Work history 

At least temporary 

unemployed 
Ref. Ref. Ref. Ref. Ref. 

 Continuously 

Employed 

0.201  

(-0.685,1.087)  

0.38  

(-0.283,1.043)  

0.169  

(-0.87,1.208)  

-0.659 (-

1.309,-0.009) * 

-0.004  

(-0.016,0.009)  

Occupational 

Physical Activity 

Low Intensity Ref. Ref. Ref. Ref. Ref. 

 Intermediate 

Intensity 

-0.361  

(-1.82,1.098)  

-0.153  

(-1.243,0.937)  

0.481  

(-1.227,2.189)  

-0.12  

(-1.202,0.963)  

-0.006  

(-0.027,0.015)  

 High Intensity 
1.3  

(-0.253,2.853)  

1.248  

(0.088,2.408) * 

1.519  

(-0.299,3.337)  

0.127  

(-1.025,1.279)  

-0.01  

(-0.033,0.012)  
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Working hours per 

week 

less than 31 hours Ref. Ref. Ref. Ref. Ref. 

31-40 hours 
1.509  

(-0.245,3.262)  

1.345  

(0.034,2.655) * 

-0.558  

(-2.613,1.497)  

-0.681  

(-1.984,0.623)  

-0.013  

(-0.038,0.011)  

more than 40 hours 
2.483  

(0.421,4.546) * 

2.075  

(0.534,3.616) * 

1.17  

(-1.246,3.587)  

-0.393  

(-1.926,1.141)  

0.003  

(-0.027,0.032)  

Working shift 

Day job Ref. Ref. Ref. Ref. Ref. 

Evening/shift 
0.385  

(-0.819,1.588)  

0.243  

(-0.662,1.148)  

0.494  

(-0.92,1.909)  

-0.077  

(-0.972,0.817)  

-0.005  

(-0.022,0.012)  

Work attitude   
0.045  

(-0.083,0.174)  

0.033  

(-0.064,0.129)  

0.076  

(-0.075,0.228)  

0.002  

(-0.091,0.095)  

0  

(-0.002,0.002)  

Work engagement   
0.01  

(-0.037,0.056)  

0.01  

(-0.025,0.044)  

0.04  

(-0.015,0.094)  

-0.008  

(-0.043,0.027)  

0  

(-0.001,0.001)  

Job security  

No Ref. Ref. Ref. Ref. Ref. 

Yes 
1.06  

(-0.274,2.393)  

0.617  

(-0.384,1.617)  

0.535  

(-1.031,2.1)  

-0.668  

(-1.653,0.317)  

-0.012  

(-0.031,0.007)  

Fully adjusted models for: BMI, alcohol consumption, educational level, leisure-time  physical activity  and smoking. 
*Relevant confidence intervals. 

 

Supplementary Table 7. Men adjusted linear regression coefficient estimates with 95% confidence interval for 
the epigenetic age and pace of aging. 

    

HorvathAA HannumAA PhenoAgeAA GrimAgeAA DunedinPoAm 

Estimates (95% 

CI) 

Estimates  

(95% CI) 

Estimates  

(95% CI) 

Estimates  

(95% CI) 

Estimates  

(95% CI) 

Job Status 

permanent Ref. Ref. Ref. Ref. Ref. 

 temporary 
0.119  

(-2.855,3.093)  

0.354  

(-1.849,2.558)  

0.786  

(-2.598,4.169)  

0.031  

(-2.222,2.285)  

0.019  

(-0.022,0.059)  

unemployed 
-0.225  

(-2.213,1.763)  

-0.11  

(-1.584,1.363)  

0.276  

(-1.986,2.538)  

-0.264  

(-1.771,1.243)  

-0.003  

(-0.03,0.024)  

Employer 

private employer Ref. Ref. Ref. Ref. Ref. 

state/municipality 
-0.581  

(-1.878,0.716)  

-0.246  

(-1.217,0.724)  

-0.232  

(-1.732,1.269)  

-0.451  

(-1.43,0.528)  

-0.005  

(-0.023,0.013)  

Occupational group 

Blue collars Ref. Ref. Ref. Ref. Ref. 

White collars 
0.433  

(-0.784,1.65)  

0.118  

(-0.794,1.03)  

-0.283  

(-1.705,1.139)  

-1.245  

(-2.164,-0.325) * 

-0.015  

(-0.032,0.001)  

Job control   
0.175  

(-0.535,0.885)  

0.001  

(-0.529,0.531)  

-0.316  

(-1.14,0.508)  

-0.029  

(-0.586,0.527)  

-0.007  

(-0.017,0.003)  

Job demand   
-0.149  

(-0.932,0.633)  

-0.106  

(-0.69,0.478)  

-0.716  

(-1.619,0.187)  

-0.347  

(-0.957,0.264)  

-0.012  

(-0.023,-0.001) * 

Job strain Linear    
-0.511  

(-1.815,0.794)  

-0.168  

(-1.142,0.807)  

-0.335  

(-1.845,1.175)  

-0.447  

(-1.468,0.574)  

-0.006  

(-0.025,0.012)  

Job strain  

Low strain Ref. Ref. Ref. Ref. Ref. 

active work 
-0.211  

(-1.546,1.125)  

-0.035  

(-1.028,0.958)  

-1.458  

(-2.993,0.078)  

-0.233  

(-1.276,0.811)  

-0.016  

(-0.035,0.002)  

passive work 
-0.095  

(-1.526,1.336)  

0.102  

(-0.962,1.167)  

-0.458  

(-2.103,1.188)  

0.625  

(-0.493,1.744)  

0.012  

(-0.008,0.032)  

high strain 
0.965  

(-0.873,2.803)  

1.104  

(-0.263,2.47)  

0.212  

(-1.9,2.325)  

0.105  

(-1.331,1.541)  
0.004 (-0.021,0.03)  

Job strain quotient   
-0.749  

(-2.776,1.278)  

-0.365  

(-1.878,1.148)  

-0.585  

(-2.93,1.761)  

-0.454  

(-2.041,1.133)  

-0.005  

(-0.034,0.023)  

Job strain tertile 

Low strain Ref. Ref. Ref. Ref. Ref. 

 Intermediate strain 
-0.813  

(-2.053,0.427)  

-0.476  

(-1.401,0.448)  

-0.866  

(-2.3,0.569)  

0.367  

(-0.601,1.335)  

0.009  

(-0.008,0.027)  

 high strain 
-0.137  

(-1.517,1.243)  

0.25  

(-0.779,1.279)  

-0.011  

(-1.608,1.585)  

-0.586  

(-1.664,0.491)  

0  

(-0.02,0.02)  

Effort   
-0.113  

(-0.916,0.689)  

-0.169  

(-0.768,0.43)  

0.253  

(-0.682,1.188)  

0.424  

(-0.203,1.05)  

0.011  

(-0.001,0.022)  
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Reward   
0.389  

(-0.586,1.364)  

0.462  

(-0.264,1.187)  

0.323  

(-0.805,1.451)  

-0.488  

(-1.256,0.28)  

-0.007  

(-0.021,0.007)  

Effort-Reward 

Imbalance 
  

-0.283  

(-1.565,0.998)  

-0.377  

(-1.331,0.578)  

0.016  

(-1.466,1.499)  

0.765  

(-0.242,1.771)  

0.018  

(-0.001,0.036)  

Overcommitment   
0.85  

(-0.032,1.731)  

0.575  

(-0.086,1.237)  

0.721  

(-0.306,1.749)  

0.3  

(-0.394,0.994)  

0.008  

(-0.005,0.02)  

Work history 

At least temporary 

unemployed 
Ref. Ref. Ref. Ref. Ref. 

 Continuously 

Employed 

0.258  

(-0.803,1.319)  

0.08  

(-0.707,0.866)  

-0.47  

(-1.677,0.737)  

-0.005  

(-0.81,0.799)  

-0.006  

(-0.02,0.009)  

Occupational 

Physical Activity 

Low Intensity Ref. Ref. Ref. Ref. Ref. 

 Intermediate 

Intensity 

-0.258  

(-1.859,1.343)  

-0.132  

(-1.33,1.066)  

0.764  

(-1.122,2.65)  

1.651  

(0.4,2.901) * 
0.013 (-0.01,0.036)  

 High Intensity 
-1.775  

(-3.283,-0.267) * 

-1.22  

(-2.348,-0.092) * 

0.089  

(-1.688,1.865)  

0.378  

(-0.8,1.556)  

-0.012  

(-0.034,0.009)  

Working hours per 

week 

less than 31 hours Ref. Ref. Ref. Ref. Ref. 

31-40 hours 
1.854  

(-1.247,4.955)  

0.903  

(-1.416,3.223)  

-0.512  

(-4.139,3.115)  

-0.497  

(-2.931,1.938)  

0.015  

(-0.029,0.058)  

more than 40 hours 
2.095  

(-1.089,5.278)  

1.072  

(-1.309,3.454)  

-0.609  

(-4.332,3.115)  

-0.884  

(-3.383,1.616)  

0.005  

(-0.04,0.05)  

Working shift 

Day job Ref. Ref. Ref. Ref. Ref. 

Evening/shift 
0.129  

(-1.211,1.468)  

0.339  

(-0.661,1.339)  

0.229  

(-1.333,1.792)  

0.446  

(-0.598,1.491)  

0.021  

(0.002,0.039) * 

Work attitude   
-0.014  

(-0.172,0.144)  

-0.033  

(-0.15,0.084)  

-0.144  

(-0.323,0.034)  

0.073  

(-0.046,0.192)  

-0.001  

(-0.003,0.001)  

Work engagement   
0.012  

(-0.04,0.064)  

0.005  

(-0.034,0.043)  

-0.021  

(-0.081,0.04)  

-0.015  

(-0.056,0.025)  

-0.001  

(-0.001,0)  

Job security  

  

No Ref. Ref. Ref. Ref. Ref. 

Yes 
1.293  

(-0.13,2.716)  

1.132 

(0.072,2.191) * 

1.407  

(-0.253,3.067)  

0.69  

(-0.429,1.809)  

0.005  

(-0.015,0.026)  

Fully adjusted models for: BMI, alcohol consumption, educational level, leisure-time physical activity and smoking. 
*Relevant confidence intervals. 


