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ABSTRACT

Occupation-related stress and work characteristics are possible determinants of social inequalities in epigenetic
aging but have been little investigated. Here, we investigate the association of several work characteristics with
epigenetic age acceleration (AA) biomarkers.

The study population included employed and unemployed men and women (n = 631) from the UK Understanding
Society study. We evaluated the association of employment and work characteristics related to job type, job
stability; job schedule; autonomy and influence at work; occupational physical activity; and feelings regarding
the job with four epigenetic age acceleration biomarkers (Hannum, Horvath, PhenoAge, GrimAge) and pace of
aging (DunedinPoAm, DunedinPACE).

We fitted linear regression models, unadjusted and adjusted for established risk factors, and found the
following associations for unemployment (years of acceleration): HorvathAA (1.51, 95% Cl 0.08, 2.95),
GrimAgeAA (1.53, 95% Cl 0.16, 2.90) and 3.21 years for PhenoAA (95% Cl 0.89, 5.33). Job insecurity increased
PhenoAA (1.83, 95% ClI 0.003, 3.67), while working at night was associated with an increase of 2.12 years in
GrimAgeAA (95% Cl 0.69, 3.55). We found effects of unemployment to be stronger in men and effects of night
shift work to be stronger in women.

These results provide evidence of associations between unemployment with accelerated ageing and suggest
that insecure employment and night work may also increase age acceleration. Our findings have implications
for policies relating to current changes in working conditions and highlight the utility of biological age
biomarkers in studies in younger populations without long-term health information.
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INTRODUCTION

Assessment of biological age using biomarkers can
provide an indication of overall health and risk of
disease in later life, even in studies without long follow-
up time. Epigenetic clocks are composite scores of
DNA methylation levels at different CpG sites in the
genome and are popular indicators of biological age.
Multiple epigenetic clocks have been developed: The
“first-generation clocks” of Horvath [1], developed
from multiple tissues, and Hannum [2], developed from
blood samples, were both trained against chronological
age. The “second-generation” clocks, PhenoAge [3] and
GrimAge [4], aimed to be a closer approximation of
biological age through training using both biomarkers
and mortality data. The second-generation clocks are
more strongly associated with health and lifespan than
the first-generation clocks [4]. Epigenetic age
acceleration (EAA) is commonly defined as the
differences between epigenetic clocks and chronological
age and positive values of EAA indicate that an
individual is experiencing accelerated aging (AA) and
vice versa. EAA has been associated with several risk
factors for non-communicable diseases, all-cause
mortality, frailty, cardiovascular diseases [5], diabetes,
cancer [1, 2], decline in cognitive ability, depression
and anxiety [6, 7]. Most recently, the Dunedin Pace of
Aging (DunedinPoAm) [8] was developed based on
longitudinal biomarker and clinical data to measure the
rate of biological ageing. Notably, DunedinPoAm, is
more strongly associated with self-reported health than
both the first- and second-generation epigenetic clocks
[8]. An updated version of Dunedin pace of aging has
been published in 2022 by Belsky et al. [9]. The newly
released rate DunedinPACE incorporated additional
follow-up clinical data and has been found to be
associated with morbidity, disability and mortality, with
faster aging in young adults with childhood adversity
and effect sizes similar to GrimAge clock. Notably,
there is a striking lack of overlap of CpGs sites used in
each of these epigenetic aging measures, suggesting
they describe different aspects of the biological aging
processes (cognitive and functional decline, increased
inflammation, etc.) [5].

EAA has been associated with low socioeconomic
position (SEP) [10-15] measured by proxy variables
including education, area deprivation index, or own and
parental occupation. While the association between SEP
and epigenetic age acceleration is partially mediated by
smoking, alcohol consumption, obesity and other
lifestyle-related risk factors for non-communicable
diseases, differences in these health behaviours alone do
not entirely explain the SEP gradient in epigenetic
ageing in adults. Working conditions, including work
related stress, are potential contributors to this gradient

since work characteristics and known job-stressor
indicators are associated with clinical biomarkers and
adverse health outcomes. Those who reported higher job
strain showed an increased risk of coronary heart disease
[16, 17] and diabetes [18], increased brain-derived
neurotrophic factor [19] and atherosclerosis in its early
non-symptomatic stages [20]. A 2017 review [21] found
that effort-reward imbalance at work was associated
with biological changes, which are on pathways leading
to stress-related conditions including increased heart rate
variability and blood pressure, altered blood lipids,
immune function and inflammation, and increased
cortisol release. EAA has been linked to measures of
psychosocial stress such as anxiety and post-traumatic
stress disorder [7], suggesting stress induced by working
conditions may also affect EAA. Overall based on
previous research, EAA has been suggested as an
intermediate biological mechanism linking environ-
mental exposures (including stress) with poor health
outcomes and mortality later in life.

However, the link between work characteristics and
epigenetic ageing remains a relatively unexplored area:
only Hughes et al. [11] have investigated current
employment with the first-generation clocks. Recently,
we reported in the Northern Finnish Birth Cohort 1966
(NFBC) study [22] that those in a job strain-active work
(high demand and high control) showed slower aging,
assessed through the PhenoAge clock, by around 1.5
years, and white-collar workers had a six month
younger epigenetic age, assessed by the GrimAgeAA
clock when compared to blue collar workers. Also,
working for more than 40 hours per week was
associated with an increase in epigenetic age of over 1.5
years, assessed by the first-generation clocks.

Understanding the effects of working conditions on
biological aging is of particular relevance due to current
changes in working conditions due to rise of the gig-
economy work, where gig workers present “alternative
work arrangements” for pieces of jobs (“gigs”) or more
generally short-term contracts, which are mainly agreed
upon via digital platforms for different services [23].
These types of jobs are particularly prevalent among the
younger working population, where long-term
occupational health studies are still unavailable.
Therefore, investigating how related work conditions
(including temporary contract, self-employment,
working hours and job insecurity) affect EAA bio-
markers may pave the way for further health
assessments in this younger population.

Here we examined the association of four epigenetic age
acceleration biomarkers (Horvath, Hannum, PhenoAge,
GrimAge) and pace of aging (DunedinPoAm,
DunedinPACE), in relation to employment and the

wWww.aging-us.com

7753

AGING



following dimensions of work: job type, job stability;
job schedule; autonomy and influence at work;
occupational physical activity; and feelings regarding the
job. The study sample includes a subset of the British
Understanding Society dataset [24] from two cross-
sectional waves covering the current workforce.

RESULTS

Descriptive summary of epigenetic age acceleration
and pace of aging

Table 1 contains detailed definitions and interpretations
of the two work stress indicators and the other work
characteristics examined and Table 2 reports summary
statistics for the study population (n = 631), composed
of 51% women and in an age range from 26 to 72 years.
Women presented the lowest mean epigenetic age
acceleration: GrimaAge AA for men was 1.5 (standard
deviation sd 4.6) and for women —1.3 (sd 4.2), with men
also showing a higher pace of aging (1.03, sd 0.08).
Overall, 41% subjects were overweight; men and
women presented similar educational levels. A higher
percentage of current smokers was present among men
(20%), while both sexes had high percentages of heavy
alcohol consumers (men: 76%, women: 60%). A great
majority of subjects was employed (96%),
approximately 81% as employees and 15% as self-
employed workers, with only 4.5% unemployed. Of
those working as employees, 95% held a permanent
position. A high proportion of both men and women
reported high job satisfaction (81% and 83%,
respectively). According to the NS-SEC, more than
40% workers were employed in management and
professional jobs, 15% in intermediate occupations,
13% as small employers, 7.4% in lower supervisory and
technical positions, and around 20% as skilled or semi-
skilled workers, with some differences by sex.

Pearson correlation coefficients among EAA were
within the range of 0.1-0.5. The highest was between
HannumAA and HorvathAA (r = 0.5), the lowest was
between GrimAgeAA and HorvathAA (r = 0.1)
(Supplementary Figure 1), while it was higher between
the pace of aging markers (r = 0.63). When we
investigated dependences among lifestyle variables and
job characteristics, education and sex were primarily
associated with job sector, occupational class,
autonomy, and managerial duties. Smoking was
associated with job sector, employment status, and
occupational class, while alcohol consumption was
associated only with managerial duties.

Smoking and obesity were significantly associated with
GrimAgeAA, PhenoAA and both pace of aging
measures (Supplementary Figure 2).

Association between work characteristics and EAA
biomarkers

Results from the unadjusted and adjusted models
(adjustment was made for sex, alcohol consumption,
smoking, BMI, and educational level) for all the
epigenetic aging measures are shown in Figure 1 and in
Supplementary Table 1 and Table 3, respectively.
Below we describe results from the fully adjusted
analyses for each work dimension.

Job type

Jobs classed as management or professional by NC-
SEC showed negative directions of associations with
the second-generation clocks and DunedinPoAm
compared to routine worker positions although all
confidence intervals overlapped zero. However,
significant results were found for DunedinPACE, with a
deceleration of 4.6% (95% CI —0.077, —0.016). This is
in contrast to unadjusted results where a clear trend
across categories was observed for these clocks,
suggesting a strong influence of education (a proxy for
early and mid-life SEP) on the effects of job
classification. Estimates for working in a private firm
showed negative associations with all clocks, although
all confidence intervals overlapped zero.

Job stability

Being unemployed showed the strongest effects of all
exposure tested: positive directions of effect were
observed across all clocks among the unemployed
compared to those in paid employment, with
HannumAA increased by 1.51 years (95% CI 0.088,
2.95), PhenoAA by 3.21 years (95% CI 0.89, 5.53),
GrimaAgeAA by 1.53 years (95% CI 0.16, 2.90) and
DunedinPoAm by 0.036 (95% CI 0.01, 0.06). No
consistent effects were observed for being self-
employed.

Workers who felt job insecurity, i.e., a threat of losing
their job in the next year were likely to show a positive
direction of associations across all clocks, with
PhenoAA increased by 1.83 years (95% CI —0.007,
3.66) compared to those in secure positions. Working in
a temporary job showed little association across all
clocks. Being paid by the hour showed a positive
direction of associations across all clocks while having
a second job showed a positive direction of associations
across all clocks except HorvathAA.

Job schedule

Night working showed a positive direction of
associations across all clocks, with increases in
GrimaAgeAA of 2.12 years (95% CI 0.68, 3.55) and
DunedinPoAm by 0.04 (95% CI 0.02, 0.08) and by 0.06
(95% CI 0.006, 0.115) for DunedinPACE. Inconsistent
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Table 1. Work characteristics definition.

Work dimension group

Definitions of included exposures

Job type:

Job stability:

Job schedule:

Autonomy and influence at work:

Occupational physical activity (OPA):

Feelings regarding the job:

Five category version of the National Statistics Socio-economic Classification
(NS-SEC).
Job sector: Organisation is private business/limited company.

Contract status classed as permanent/temporary.

Employment status as employed/self-employed/unemployed.

Job security was assessed as the likelihood of losing job during the next 12
months (likely and very likely/unlikely).

Salaried or paid by hour.

Presence of second job or not.

Times of the day usually worked have been collapsed into: 'during the day’,
night/evenings and rotating shifts.

Working on weekends was categorized into no weekend working, some
weekends, most weekends.

Hours worked per week were classified in three groups: less than 40 hours, 40
hours, and more than 40 hours.

Managerial duties as: not manager/supervisor (1), foreman/supervisor (2), and
manager (3).

As a potential proxy of job control, five questions investigated how much
control a subject has to influence tasks, work pace, work manner, task order,
work hours. Each was rated on a four-point scale. We summed over the
answers and split them in three levels: low (15, 20) (the reference), moderate
(10, 15) and high (4, 10).

The physicality of the job was reduced into three categories: very active; fairly
active; and not very/not at all physically active at work.

Current job satisfaction was investigated on a 7-point scale: completely
dissatisfied, mostly dissatisfied, somewhat dissatisfied, neither satisfied or
dissatisfied, mostly satisfied, somewhat satisfied and completely satisfied. We
collapsed in three levels: dissatisfied (completely, mostly and somewhat) (1),
neither satisfied or dissatisfied (2) and satisfied (completely, mostly,
somewhat) (3).

Job feeling were derived from six questions in the format of: ‘Thinking of the
past few weeks, how much of the time has your job made you feel: tense,
uneasy, worried, depressed, gloomy, miserable?’. We computed the sum of the
responses (on five-point scale where 1 means ‘Never’ and 5 means ‘All the
time”) and split feelings of job in three levels: positive (6-8) (as reference),
average (8-11) and negative (11-30). The categorical class were defined on the
quantile cut-offs as the distribution of the total was highly skewed.

Table 2. Descriptive statistics of the study population, mean and standard deviation (sd) for continuous variables and
frequency and percentage for categorical variables.

Levels Alln=631 Female, N=342 Male, N =289
Epigenetic AA mean (sd)  HorvathAA 0.0 (4.6) -0.5 (4.4) 0.6 (4.8)
HannumAA 0.0 (3.5 -0.8(3.2) 0.9 (3.7)
PhenoAA 0.0 (5.7) 0.1(5.7) —-0.1 (5.8)
GrimAgeAA 0.0 (4.6) -1.3(4.2) 1.5 (4.6)
Pace of aging DunedinPoAm 1.02 (0.08) 1.01 (0.07) 1.03 (0.08)
DunedinPACE 1.03(0.13) 1.03(0.13) 1.03(0.14)
Age (26, 30) 30 (4.8%) 15 (4.4%) 15 (5.2%)
(30, 40) 133 (21%) 84 (25%) 49 (17%)
(40, 50) 230 (37%) 124 (36%) 106 (37%)
(50, 60) 159 (25%) 82 (24%) 77 (27%)
>60 75 (12%) 35 (10%) 40 (14%)
Missing 4 2 2
BMI n (%) Optimal <24.9 168 (27%) 105 (32%) 63 (22%)
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Education, n (%)

Overweight 25-29.9
Obese >30

Missing

Primary (no qualification)

Secondary (A-level, GCSE, other qualifications)

Tertiary (degree or other higher degree)

261 (42%)
188 (30%)
14
38 (6.0%)
368 (59%)
223 (35%)

127 (38%)
101 (30%)
9
17 (5.0%)
202 (59%)
122 (36%)

134 (47%)
87 (31%)
5
21 (7.3%)
166 (58%)
101 (35%)

Missing 2 1 1
'(‘:,‘/'0‘;0“0' consumption, n- paeyy 64 (11%) 46 (14%) 18 (6.8%)
Moderate 129 (22%) 82 (25%) 47 (18%)
Heavy 395 (67%) 194 (60%) 201 (76%)
Missing 43 20 23
Smoking, n (%) Never 295 (47%) 174 (51%) 121 (42%)
Past 218 (35%) 110 (32%) 108 (38%)
Current 115 (18%) 58 (17%) 57 (20%)
Missing 3 0 3
Current job classification:
NS-SEC Semi-routine, routine worked/LT unemployed 132 (22%) 83 (26%) 49 (18%)
Lower supervisory and technical 44 (7.4%) 13 (4.1%) 31 (11%)
Small employers and own account 79 (13%) 31 (9.7%) 48 (17%)
Intermediate 88 (15%) 63 (20%) 25 (9.1%)
Management and professional 252 (42%) 130 (41%) 122 (44%)
Missing 36 22 14
Job sector other type of organization 224 (45%) 157 (55%) 67 (31%)
private firm or business, a limited company 276 (55%) 127 (45%) 149 (69%)
Missing 131 58 73
Job stability:
Status contract A permanent job 571 (96%) 307 (95%) 264 (96%)
not permanent job 26 (4.4%) 15 (4.7%) 11 (4.0%)
Missing 34 20 14
Status job paid employment(ft/pt) 508 (81%) 288 (84%) 220 (76%)
self employed 94 (15%) 39 (11%) 55 (19%)
unemployed 29 (4.6%) 15 (4.4%) 14 (4.8%)
Job security Unlikely to lose their job 450 (91%) 256 (91%) 194 (90%)
Likely to lose their job 45 (9.1%) 24 (8.6%) 21 (9.8%)
Missing 136 62 74
Pay type salaried 332 (67%) 179 (63%) 153 (71%)
paid by the hour 166 (33%) 105 (37%) 61 (29%)
Missing 133 58 75
Has second job No
Yes 53 (8.4%) 28 (8.2%) 25 (8.7%)
Missing 3 0 3
Job Schedule:
Working time During the day 434 (73%) 231 (72%) 203 (75%)
Night 21 (3.5%) 11 (3.4%) 10 (3.7%)
Rotating shifts 139 (23%) 80 (25%) 59 (22%)
Missing 37 20 17
Working weekends no weekend working 259 (44%) 159 (49%) 100 (37%)
yes - some weekends 219 (37%) 109 (34%) 110 (40%)
www.aging-us.com 7756 AGING



Working hours

yes - most/every weekend
Missing

Less than 40 hours

40 hours

More than 40 hours
Missing

116 (20%) 54 (17%) 62 (23%)
37 20 17
395 (79%) 257 (91%) 138 (64%)
64 (13%) 18 (6.4%) 46 (21%)
41 (8.2%) 8 (2.8%) 33 (15%)
131 59 72

Job autonomy

Autonomy and influence at work:
Managerial duties

not manager/supervisor
foreman/supervisor
manager

Missing

(15, 20) High

(10, 15) Moderate

(0, 10) Low

Missing

309 (62%) 196 (69%) 113 (52%)

73 (15%) 40 (14%) 33 (15%)
119 (24%) 48 (17%) 71 (33%)
130 58 72
55 (9.3%) 33 (10%) 22 (8.1%)
149 (25%) 101 (31%) 48 (18%)
390 (66%) 188 (58%) 202 (74%)
37 20 17

Occupational physical activity:

OPA Not very active/Not at all 239 (40%) 123 (38%) 116 (43%)
Fairly Active 248 (42%) 147 (46%) 101 (37%)
Very Active 107 (18%) 52 (16%) 55 (20%)
Missing 37 20 17

Feelings regarding the job:

Job satisfaction Neither Satisfied/Dissatisfied 37 (6.2%) 21 (6.5%) 16 (5.9%)
Dissatisfied 70 (12%) 33 (10%) 37 (14%)
Satisfied 487 (82%) 268 (83%) 219 (81%)
Missing 37 20 17

Job feelings (6, 8) Positive 234 (39%) 119 (37%) 115 (42%)
(8, 11) Average 165 (28%) 84 (26%) 81 (30%)
(11, 30) Negative 194 (33%) 118 (37%) 76 (28%)
Missing 38 21 17

results were observed for rotating shifts and weekend
working. Interestingly, negative directions  of
associations were observed for all clocks with working
more than 40 hours/week, although the effect was not
statistically significant.

Autonomy and influence at work

Compared to not having supervision or management
responsibilities, a positive direction of association was
observed for all clocks for those working in a
supervisory role, and negative directions were
observed for all clocks except HannumAA for those in
a management role, although all confidence intervals
overlapped zero. Perhaps unexpectedly, compared to
having high job autonomy, medium and low
autonomy jobs were associated with negative
associations across all clocks. The effect of medium
autonomy was for PhenoAA —2.22 years (95% CI
—3.94, —0.50), for DunedinPoAm -0.02 years (95%

Cl -0.039, —0.001) and for DunedinPACE -0.079
years (95% C1 0.118, 0.04).

Occupational physical activity

Being physically very active at work was associated
with age acceleration across all clocks although the
associations were not statistically significant, except in
the adjusted model for DunedinPoAm, where it was
associated with an increase by 0.014 years (95% ClI
0.0001, 0.029), and for DunedinPACE, showing an
increase of 0.032 years (95% CI 0.002, 0.061).

Feelings regarding the job

Generally, inconsistent results were observed for job
satisfaction. Regarding overall feeling towards their job,
unexpectedly, negative directions of effect were
observed for all clocks for those who had average or
negative feelings, compared to those with a positive
feeling. For those who had average feelings towards
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their job, DunedinPACE was decreased by 0.02 (95%
Cl —0.054, —0.003).

Sensitivity analysis: sex-specific adjusted models

In stratified analysis, there were some notable
differences in the sex-specific adjusted models (Figure
2 and Supplementary Tables 2, 3). Among women,
stronger effects than for men were observed with the
DunedinPoAm (-0.023 95% CI —0.042, —0.003) for
women working in managerial positions compared to
semi-routine positions. Also, among women only,
deceleration was observed for those in lower
supervisory roles for HorvathAA (—2.78 95% CI1 —5.50,
—0.05). Working in a private firm appeared more
beneficial for men with an estimate that was associated
with a slower aging by almost two years for
HannumAA (-1.82 95% CI —2.90, —0.74) and by over
three years for PhenoAA (—3.25 95% CI —4.86, —1.63).
Being unemployed was associated with greater age
acceleration for all measures except HannumAA among
men, with the strongest effects on men noted for
PhenoAA (4.7 years, 95% CI 1.03, 8.35) and
DunedinPoAm (0.067 95% CI 0.026, 0.108).

Longer working hours were generally associated with
slower ageing in men and faster ageing in women:

HorvathAA

Job Sector (ref:semi routine)

Job Sectar (ref:ather type)
Job stability Status cont

tract (ref:permanent)

Status job (ref:paid employment)

Jab Socurity (ref unlikely)

Payment type (ot salaried)

Has a second job (ref:Na)

‘Working time {ret:during the day)

Working Weekends (ref:No)

Working hours (ref:less than 40 hours)

HannumAA

specifically in men working more than 40 hours per
week slowed substantially the biological age for
PhenoAA (-2.23 95% CI —4.43, -0.04) and
HannumAA(-1.62 95% CI —3.06, —0.17), while also
the other biomarkers showed negative coefficient signs.
Effects of night working on accelerated aging appeared
to be driven by effects in women, with effects observed
in women for HannumAA (2.23 years 95% CI 0.21,
4.22), PhenoAA (4.45 years 95% CI 1.11, 7.90),
GrimAgeAA (3.30 95% CI 1.37, 5.23), DunedinPoAm
(0.067 95% CI 0.032, 0.103) and DunedinPACE (0.061
95% C1 0.006, 0.115).

Finally, being very physically active at work appeared
to increase epigenetic aging only for women, by 2.04
years (95% CI 0.15, 3.93) for PhenoAA and by 0.024
years (95% CI 0.003, 0.044) for DunedinPoAm and for
DunedinPACE increases of 0.03 (95% CI 0.001, 0.058)
and 0.056 (95% CI 0.017, 0.095) for fairly and very
active categories respectively, were observed among
women.

DISCUSSION

We have assessed the magnitude and association of
accelerated epigenetic aging and pace of ageing with
characteristics of employment and work. For the job

PhenoAA GrimAgeAA DunedinPoAm DunedinPACE
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Figure 1. Effect size and 95% confidence intervals for unadjusted and adjusted model (interpretable as years of
increase/decreasing epigenetic age) of the association between primary outcomes and the four epigenetic aging

biomarkers and the pace of aging measures.
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Table 3. Adjusted linear regression estimated coefficient

acceleration and pace of aging.

with 95% confidence intervals for the epigenetic age

Levels HorvathAA HannumAA PhenoAA GrimaAgeAA DunedinPoAm DunedinPACE
Current job classification:
NS-SEC Semi-routine, routine
worked/LT Ref. Ref. Ref. Ref. Ref. Ref.
unemployed
Lower supervisory and 0.158 0.491 —0.552 0.475 —-0.004 0
technical (-1.426, 1.743) (-0.724, 1.706) (-2.504, 1.399) (-0.696, 1.646) (-0.026, 0.017) (-0.044, 0.045)
Small employers and 0.588 —-0.302 —-0.083 —-0.261 0 —-0.037
own account (-0.734, 1.91) (-1.316,0.712) (-1.711, 1.546) (-1.238,0.716) (-0.018, 0.018) (-0.074, 0.001)
Intermediate 0.059 -0.511 —0.758 —0.043 —0.009 —0.016
(—1.204, 1.321) (-1.48,0.457) (-2.313,0.797) (-0.977,0.89) (-0.026, 0.009) (-0.051, 0.019)
Management and 0.517 0.289 —0.496 -0.25 —-0.013 —0.046
professional (-0.582, 1.616) (-0.554, 1.132) (~1.85, 0.858) (~1.063, 0.562) (-0.028,0.002)  (-0.077, -0.016)"
Job sector other .type' of Ref. Ref. Ref. Ref. Ref. Ref.
organization
ﬁL‘;’iit:Sgr;“”‘:;ite | -0.08 ~0.562 -1.072 -0.279 ~0.004 -0.017
compan); (—0.965, 0.805) (-1.235,0.112) (-2.152, 0.007) (-0.921, 0.362) (-0.016, 0.007) (-0.042, 0.008)
Job stability:
Status contract A permanent job Ref. Ref. Ref. Ref. Ref. Ref.
. 0.042 0.56 -0.307 0.583 0.006 0.012
not permanent job (-1.722,1.806)  (~0.791, 1.911) (~2.47, 1.856) (-0.718, 1.885) (-0.018, 0.03) (~0.038, 0.061)
Status job paid employment(ft/pt) Ref. Ref. Ref. Ref. Ref. Ref.
0.129 —0.511 (-1.293, 0.031 —0.538 0.004 -0.013
self employed
(-0.897, 1.154) 0.27) (-1.231, 1.293) (-1.282, 0.207) (-0.01, 0.018) (-0.041, 0.016)
unemploved 0.316 1.518 3.212 1.535 0.036 0.045
ploy (-1.571, 2.204) (0.08, 2.956)" (0.89, 5.533)" (0.165, 2.905)" (0.01, 0.062)" (-0.008, 0.097)
Job security jlérklllkely to lose their Ref. Ref. Ref. Ref. Ref. Ref.
Likely to lose their iob 0.295 0.698 1.826 0.829 0.01 0.028
y ) (~1.204, 1.794) (-0.451, 1.847) (-0.007, 3.659) (-0.256, 1.915) (-0.01, 0.03) (-0.014, 0.07)
Pay type salaried Ref. Ref. Ref. Ref. Ref. Ref.
- 0.648 0.439 0.927 0.611 0.005 0.018
paid by the hour
(-0.274, 1.571) (-0.264, 1.142) (-0.203, 2.057) (-0.058, 1.279) (-0.007, 0.018) (-0.008, 0.043)
Has second job  No Ref. Ref. Ref. Ref. Ref. Ref.
Yes -0.761 0.18 0.18 0.335 0.012 0.006
(=2.051, 0.53) (-=0.809, 1.17) (-1.419,1.78) (-0.608, 1.279) (=0.005, 0.03) (-=0.03, 0.042)
Job Schedule:
Working time During the day Ref. Ref. Ref. Ref. Ref. Ref.
Night 0.042 0.735 2.009 2117 0.044 0.061
g (-1.913,1.997) (-0.762, 2.232) (-0.382, 4.401) (0.685, 3.549)" (0.017, 0.07)" (0.006, 0.115)"
Rotating shifts 0.18 0.241 0.144 -0.06 0.005 0.001
g (-0.712, 1.072) (-0.442,0.924) (-0.948, 1.235) (-0.714, 0.593) (-0.007, 0.017) (-0.024, 0.026)
mﬂ::gs no weekend working Ref. Ref. Ref. Ref. Ref. Ref.
es — some weekends 0.408 0.067 0.163 —0.647 -0.003 -0.007
y (-0.429, 1.244) (-0.574, 0.709) (-0.863, 1.19) (-1.262, -0.032) (-0.014, 0.008) (-0.031, 0.016)
yes — most/every 0.208 -0.164 0.285 —-0.055 —-0.003 -0.007
weekend (-0.814, 1.23) (-0.948, 0.619) (—0.968, 1.539) (-0.807, 0.697) (-0.016, 0.011) (-0.036, 0.022)
Working hours  Less than 40 hours Ref. Ref. Ref. Ref. Ref. Ref.
king h han 40 h f f f f f f
-0.158 -0.396 0.289 0.429 0.006 -0.033
40 hours (-1.468,1.153)  (~1.393, 0.601) (-1.312, 1.891) (-0.52, 1.379) (-0.011, 0.024) (-0.07, 0.003)
More than 40 hours —0.446 —1.158 —1.496 -0.471 —-0.012 —0.045
(—=2.057, 1.166) (—2.383, 0.068) (—3.465, 0.473) (-1.638, 0.697) (-0.034, 0.009) (=0.09, 0)
Autonomy and influence at work:
Mapagerlal not . Ref. Ref. Ref. Ref. Ref. Ref.
duties manager/supervisor
. 0.245 0.414 0.521 0.318 0.01 0.003
foreman/supervisor (~0.950, 1.448) (-0.504, 1.332) (-0.952, 1.994) (~0.553, 1.19) (~0.006, 0.026) (-0.031, 0.037)
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manader -0.141 0.245 —0.359 —0.385 —0.007 (—0.021, —0.021
9 (~1.208, 0.927) (-0.569, 1.059) (~1.665, 0.948) (-1.158, 0.388) 0.007) (~0.051, 0.009)
Job autonomy (15, 20) High Ref. Ref. Ref. Ref. Ref. Ref.
(10, 15) Medium —-0.579 —0.743 —2.224 —1.001 —-0.02 —-0.079
' (-1.99, 0.832) (-1.821, 0.336) (-3.943, —0.505) (~2.039, 0.037) (-0.039, -0.001)°  (-0.118, -0.04)"
(0, 10) Low —0.276 -0.14 -1.061 —0.395 —0.006 —0.045
' (-1.563, 1.012) (~1.124, 0.845) (~2.63, 0.508) (-1.342, 0.552) (-0.023, 0.011) (-0.081, —0.01)"
Occupational physical activity
OPA norvery active/Not at Ref. Ref. Ref. Ref. Ref. Ref.
Fairlv Active —0.238 —0.022 (—0.661, —0.145 0.366 0.011 0.018
y (-1.072, 0.595) 0.618) (-1.168, 0.878) (-0.248, 0.981) (-0.001, 0.022) (~0.006, 0.041)
Very Active 0.14 0.081 0.309 0.549 0.014 0.032
Y (-0.927, 1.206) (-0.737, 0.898) (-0.999, 1.617) (-0.237, 1.336) (0, 0.029)" (0.002, 0.061)"
Feelings regarding the job
. . Neither
Job satisfaction Satisfied/Dissatisfied Ref. Ref. Ref. Ref. Ref. Ref.
Dissatisfied —1.037 —0.198 —1.551 0.603 —0.001 —0.022
(-2.913, 0.839) (-1.639, 1.243) (-3.851, 0.749) (-0.785, 1.99) (-0.027, 0.024) (-0.075, 0.03)
Satisfied —0.061 —0.368 —0.294 0.421 —0.009 —0.029
(-1.671, 1.549) (-1.605, 0.869) (—2.268, 1.679) (-0.77,1.612) (-0.031, 0.013) (-0.074, 0.017)
Job feelings (6, 8) Positive Ref. Ref. Ref. Ref. Ref. Ref.
(8, 11) Average -0.125 —-0.319 —0.706 -0.463 -0.016 -0.029
' g (-1.041,0.791) (-1.022, 0.383) (-1.829, 0.417) (-1.14,0.213) (-0.028, —0.004) (-0.054, —0.003)"
—0.564 —0.349 —0.641 -0.241 —0.009 —0.003

(11, 30) Negative

(-1.447,0.319)

(~1.026, 0.328)

(-1.723, 0.442)

(-0.893, 0.411)

(-0.021, 0.003)

(-0.028, 0.021)

Fully adjusted models for: BMI, alcohol consumption, educational level, sex and smoking. "p value < 0.05.

characteristics studied, the range observed was within +
1.5 years, with highest values of accelerated epigenetic
aging for unemployed subjects, particularly by using
GrimaAge (up to 4.3 years) and PhenoAge (3.3 years),
even after adjusting for known risk factors. In addition,
low job security accelerated aging by 1.8 years with
PhenoAA, and night working increased aging up to 2.1
years with GrimAge and increased the rate of aging
by 4% according to DunedinPoAm and 6% for
DunedinPACE. Furthermore, differences among
associations between sexes were observed particularly
for unemployment, working hours, night working and
physical activity at work.

Our results differ from the analysis conducted by
Hughes et al. [11] who also used the Understanding
society study. In their paper, they found that
unemployment and duration of unemployment over the
past 12 years was not associated with HannumAA and
HorvathAA. In our analysis, we found increases in
HannumAA among the unemployed and stronger
effects with the second-generation clocks. This
difference may be due to the exclusion of retired, sick,
and disabled subjects, and family carers and comparison
to those in paid employment only in our study.
However, the unemployed subset includes 4.5% of the
sample and the small size data prevents generalization
of these results to the population level, and further
studies will be needed to assess reproducibility of the
observed effects. Chandola et al. [25] using the larger
subset of the UKLHS cross-sectional waves (n = 6, 025)

reported that the unemployed who found a job
perceived as of poor quality showed increased
inflammatory biomarkers, compared to the group that
was still unemployed. Ala-Mursula et al. found that
long-term unemployment in early adulthood is
associated with shorter telomere length among men, but
not women in the NFBC study [26]. Similarly, we
observed stronger effects of unemployment on aging
biomarkers among men.

We observed that perceived job insecurity, i.e., fear of
unemployment, was also associated with accelerated
epigenetic age by almost two years as measured with the
PhenoAge clock. A larger study [27] with the
Understanding Society dataset found that economic
insecurity was associated with adverse metabolic and
inflammatory biomarkers (particularly HDL-cholesterol,
triglycerides, and C- reactive protein), heightening risk
for a range of health conditions. A study [28] of civil
servant workers in UK reported an association between
job insecurity and risk of coronary heart disease, with
factors such as health behaviours and sleep disturbances
not found to play a role as potential mediator factors.
The authors hypothesized that the association could be
partially explained by psychological distress, and EAA
has been found to be sensitive to mood disorders in
previous studies, including depression [29], anxiety and
lack of psychosocial support [30].

Our observation on the effects of night shift working
confirm the findings of White et al. [16] in a sample of
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non-Hispanic White women aged 35-74, where
working overnight for >10 years corresponded to a
PhenoAA of around three years. We were not able to
assess for how long the night shift work took place, but
it seems that there could be a cumulative effect
increasing AA over time for PhenoAge and GrimAge
biomarkers. Night shift work is hypothesized to induce
circadian disruption and sleep/fatigue interruption and is
associated with risk of age-related diseases [31, 32] and
breast cancer [33]. Effects have also been reported on
specific epigenetic markers in genes involved in
circadian regulation [34]. Our study further suggests
that effects on epigenetic ageing appear stronger in
women, possibly related to psychological effects of
non-regular working hours in women [18] or potential
sex-specific biological mechanisms [35].

For men, HannumAA was associated with a slowing
effect for working more than 40 hours (—1.5 years), in
contrast to directions of effect in women. In a similar
study [22] that we conducted in the NFBC study at the
age of 46 years, we found among women that working
more than 40 hours per week was associated with an
accelerated aging in both HannumAA and HorvathAA
whereas no significant results were observed in relation
to working hours for men. A previous study conducted

HorvathAA

Jdob sector NC-SEC. Job Sector (ref:semi routine] Lower suparvicry & bechuicat : o

HannumAA

+

in the Understanding Society study found among
women working long hours and weekends apparently
deteriorated mental health and increased depressive
symptoms [18]. Women typically work longer hours in
unpaid domestic work and therefore excess hours in
paid work may lead to very long total working hours
[19]. A WHO report [36] suggested the pathway
between exposure to long working hours (>55
hours/week) and adverse health outcomes involved
physiological and behavioural responses as mediators.

Previous studies have found that there are significant
differences between women and men for epigenetic
markers. Singmann et al. [20] have found that CpG’s
are differentially methylated between men and women,
and this may influence how clocks are constructed. This
was also confirmed in a study conducted in the USA by
Tajuddin et al. [37]. They compared EAA by sex, race
(white and African American), poverty level and other
environmental factors, concluding that men have a
higher age acceleration than women and that African
Americans have more widespread methylation changes
than whites. Race and sex interact with underlying
biological age acceleration, suggesting that altered
DNA methylation patterns may be important in age-
associated health disparities.

PhenoAA GrimAgeAA DunedinPoAm DunedinPACE

T
L

dob Sector (ref:other type)

Job stability ‘Stalus contract (rel:pormanent)

Status job (ref:pald smployment)

Job Security (ref:unlikely)

Payment type (ref:salaried)

Has a second job (rel-No)

Job schedule Working time (ref:during the day)

Working Weekends (ref:No)

Working hours (ref:less than 40 haurs)

at work

Job Autonomy (ret:High)

Occupational Physical Activity

(ref:Not very active]

Faal

job

Job Feslings (ref:Negative)

Model - Adusted —

L I AL L -
T ST = ==
L S i Ll
I 1 1 1
T I T I. o y [}
1
el e e e
I ] 1 [}
.\ —’:_ i —':_‘ I
I 1 1 1
| - \ [
ok o L +
— ek —— e
i i | i
L —— —— e
I | 1 [}
T [l [ S !
I ] 1 [}
I = :_-_. JI'_. I 5
| 1 1 1
= = " s
Il 1 . 1 , I
F—— Ip—— I—— —
I | 1 |
I 4‘|7 Aln7 I
I 1 1 [}
__‘: II_ jl__ _.E'_‘ -
o l [ .
e e et ===1
I 1 1 1
= = = =
‘- I- | -‘
—— e = —_—
I 1 1 I
.\ 1 4"{ = [}
~ - I B o - [}
—_— P———Y | e [}
i i | i
= e e e
L L [ L]
1 1 ~ T
I 1 1 I
! I 1. .
| 1 1 I
q\ | = I. .\
| ! | |
e et ——l —
i i 1 |
—L =i i
s om o 095 000 o

Unafustod

Figure 2. Effect size and 95% confidence intervals for adjusted males and females models (interpretable as years of
increase/decreasing epigenetic age) of the association between primary outcomes and the four epigenetic aging

biomarkers and the pace of aging.
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There are several limitations to this work. The cross-
sectional UKLHS data selection on the participants
excluded other ethnicities; therefore, a possible bias
could be introduced for the generalization of these
results to the reference population, also considering the
small sample size. Furthermore, the study population
was rather homogenous with permanent contracts and
highly satisfying jobs, that limited any attempt at
clustering individuals based on job characteristics, as it
led to highly unbalanced groups. We were unable to
evaluate workers with informal working arrangements,
which is of particular relevance to the gig-economy
[23, 38]. We lacked accurate job descriptions such as job
titles or other information that could help define specific
workers’ profiles. The Understanding Society waves
used in this study comprised information from wave
2010-2011 integrated with waves 2011-12 and 2012—
13; therefore, we could not establish a perfect
correspondence between the health assessment and some
job indicators, as some time lag may have occurred.
Additionally, the panel survey structure prevents linking
potential health outcomes to the health measurements
already recorded. While the Understanding Society
panel collects a rich amount of data, the survey does not
include known job stressor scales. The items
investigating feelings on the job and job autonomy were
used as proxies of exposure to work stressors. However,
the interpretation remains incomplete as known
psychosocial measurement scales such as job strain [38]
or effort-reward imbalance [39] are composed of other
dimensions such as job demand, control, reward, and
overcommitment. Lastly, we could not account for
leisure-time physical activity and income, as they were
unavailable for data subsets with DNA methylation.

In conclusion, our study suggests that being
unemployed, in insecure employment, or working night
shifts may increase age acceleration and the rate of
aging, suggesting the need for policy interventions for
tackling these social inequalities in health and ageing.
Potentially different patterns of association and
biomarker levels were found for men and women
regarding job characteristics and epigenetic acceleration
age. Given the recent rapid changes in job
arrangements, job places and work-life balance, we
believe that further studies should be carried out to
evaluate those in more vulnerable working situations,
aiming to provide further evidence to improve work
policies.

METHODS
Study population

The study sample consisted of participants from the
United Kingdom Household Panel Study (UKHLS),

also known as Understanding Society [40]; an ongoing
longitudinal, nationally representative study of the UK,
designed as a two-stage stratified random sample of the
general population. While Understanding Society is
a panel survey, the data used here consist of two
pooled cross-sectional waves where a nurse collected
blood samples from the respondents, among other
physiological measures. The eligibility criteria for
collecting blood samples were: (i) participation in the
previous main interviews in England (had participated
in all annual interviews between 1999 (BHPS wave 9)
and 2011-2013 (Understanding Society wave 2 and 3);
(ii) age 16 and over; (iii) living in England, Wales, or
Scotland. From the potential pool of 6337 survey
respondents, eligibility requirements for epigenetic
analyses meant that the samples for DNA methylation
measurement were restricted to participants of white
ethnicity, resulting in 1175 subjects [41]. We have
included only those in the current labour force,
excluding retired, sick, and disabled subjects, and
family carers. We were left with n = 631 subjects who
were employees (part or full time), self-employed, or
unemployed.

DNA collection

Methylation profiling has been conducted on DNA
samples using the Illumina Methylation EPIC
BeadChip which integrates over 850,000 Methylation
sites across the genome. A five hundred-nanogram
samples of whole-blood DNA from 1,175 persons
were treated with sodium bisulfite using the EZ96
DNA methylation kit (Zymo Research, Irvine, CA,
USA) following the manufacturer’s standard protocol.
DNA methylation was assessed using the Illumina
Infinium HumanMethylationEPIC  BeadChip kit
(IMlumina, Inc., San Diego, CA, USA) [42]. Raw signal
intensities were pre-processed, normalised, and
converted into B values using the Bioconductor
bigmelon package [43].

Computation of epigenetic clock measures

We have calculated four epigenetic age indicators:
Horvath DNAmM age [1] based on a weighted average
of 353 age-related CpGs; Hannum DNAmM age [2]
based on 71 blood specific age-related CpGs;
PhenoAge DNAm age [44] is based on 513 phenotypic
age-related CpGs and DNAm GrimAge [4] was
derived in a multi-step process from 1,030 CpGs. We
computed the extrinsic epigenetic age acceleration
(EAA) as the residual values of the linear regression of
epigenetic age on chronological age (HorvathAA,
HannumAA, PhenoAA, and GrimAgeAA). In addition
to the EAA measures, which assess biological age at a
single time point, we have investigated the rate of
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increasing biological age through the DunedinPoAm
[8], DunedinPACE based on 46 and 173 CpGs,
respectively.

Work-related indicators

We used all questionnaire items that could indicate job
characteristics, within the categories of job type (e.g.,
National Statistics Socio-economic Classification (NS-
SEC) and job sector), job stability (e.g., type of
contract, job security); job schedule (e.g., hours
worked); autonomy and influence at work (e.g. job
control, managerial duties); occupational physical
activity; and feelings regarding the job (e.g., job
satisfaction).

Covariates

As additional variables, we have included lifestyle-related
risk factors. Smoking was classified as: never, past, and
current smoker. Alcohol consumption was categorised
based on frequency of alcoholic drink consumption during
the last 12 months as rarely (once or twice a year, not at
all), moderate (once or twice a month, once every couple
of months) and heavy (almost every day, five or six days a
week, three or four days a week). Body Mass Index
(BMI) is presented in three levels (optimal <24.9,
overweight 25-29.9, obese >30.0); educational level was
classified as primary (no qualification), secondary (A-
level, GCSE, other qualifications) or tertiary (university
degree or other higher degree).

Statistical methods

We computed descriptive statistics (mean and
standard deviation) for all the continuous variables
and proportions for categorical variables. We
computed Pearson correlation coefficients for the
four EAA measures and DunedinPoAm and
DunedinPACE.

For each job characteristics, we fitted linear regression
models to evaluate the association of the epigenetic
clocks and pace of aging with known health risk
factors and work characteristics. We estimated
unadjusted and fully adjusted models (adjustment was
made for sex, alcohol consumption, smoking, BMI and
educational level). Age was not adjusted for because
chronological age has zero correlation with age
acceleration measures (by definition). Results are
reported as point estimates and 95% confidence
intervals. The estimates are interpretable as years of
increase/decrease  for epigenetic age; positive
coefficients indicate age acceleration, and negative
coefficients indicate a decrease of the estimated
biological age compared to the chronological age. For

the pace of ageing marker, the rate indicates the
percentage of biological aging increase compared to
the reference category. We expect that job indicators
on the well-being side should have negative or at least
null estimated coefficients, while indicators of adverse
working conditions would present positive estimates.
We estimated sex-specific fully adjusted linear
regression models as a sensitivity analysis. We
assessed linear regression assumptions on residual
analysis. The clocks have different standard
deviations, therefore is not possible to compare the
results by standardizing the estimated effects. Given
the descriptive and exploratory approach, we abstained
from p-value adjustments to correct for multiple
testing.
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Supplementary Figure 1. Epigenetic age acceleration correlation heatmap, with correlation values.
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Supplementary Figure 2. Effect size and 95% confidence intervals (interpretable as years of increase/decreasing epigenetic age) of the
regression coefficients between the four epigenetic aging biomarkers and the pace of aging markers and risk factors.
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Supplementary Tables

Supplementary Table 1. Unadjusted linear regression estimated coefficients with 95% confidence intervals for the
epigenetic age and pace of aging.

Levels HorvathAA HannumAA PhenoAA GrimaAgeAA DunedinPoAm DunedinPACE
Current job classification:
NS-SEC Semi-routine, routine Ref. Ref. Ref. Ref. Ref. Ref.
worked/LT unemployed
Lower supervisory and -0.196 0.7 -1.384 1.003 -0.003 -0.01
technical (-1.782, 1.39) (-0.509, 1.909) (-3.338,0.571) (-0.517, 2.523) (-0.028, 0.021) (-0.053, 0.034)
Small employers and 0.101 -0.246 -0.94 -0.709 -0.012 -0.048
own account (-1.195, 1.397) (-1.234,0.742) (-2.538, 0.657) (-1.951, 0.533) (-0.032, 0.007) (-0.083, -0.012)"
Intermediate -0.695 -0.965 -1.336 -1.015 -0.021 -0.03
(-1.949,0558)  (-1.921,-0.009)"  (-2.881,0.21) (-2.217,0.187) (-0.04, -0.002)" (-0.064, 0.005)
Management and 0.248 0.018 —1.454 -1.471 —-0.035 -0.072
professional (-0.731, 1.226) (-0.729,0.764)  (-2.66,-0.247)"  (-2.409,-0.532)" (-0.05,-0.02)" (-0.099, -0.045)"
Job sector Other type of Ref. Ref. Ref. Ref. Ref. Ref.
organization
Private firm or business, 0.092 0.096 —0.433 1.243 0.012 0.001
a limited company (-0.753, 0.937) (-0.545, 0.737) (-1.467, 0.601) (0.454, 2.032)" (-0.001, 0.025) (-0.022, 0.025)
Job stability:
Status contract A permanent job Ref. Ref. Ref. Ref. Ref. Ref.
Not permanent job 0.119 0.267 —-0.825 0.303 0.002 0.004
(-1.713,1.951) (-1.13, 1.664) (-3.078,1.428)  (-1.468,2.073) (-0.026, 0.031) (-0.047, 0.055)
Status job Paid employment(ft/pt) Ref. Ref. Ref. Ref. Ref. Ref.
Self employed 0.005 -0.254 -0.275 -0.442 0.003 -0.015
(-1.02, 1.03) (-1.033, 0.525) (-1.532, 0.981) (-1.44,0.557) (-0.014, 0.019) (-0.044, 0.014)
Unemployed 0.215 1.477 3.364 4.37 0.077 0.087
(-1.528, 1.958) (0.152, 2.802)" (1.227,5.5)" (2.672, 6.067)" (0.05, 0.105)" (0.038, 0.136)"
Job security Unlikely to lose their Ref. Ref. Ref. Ref. Ref. Ref.
job
Likely to lose their job 1.158 1.223 2.806 1.005 0.011 0.034
(-0.308, 2.623) (0.111, 2.334)" (1.02, 4.591)" (-0.375, 2.384) (-0.012, 0.033) (-0.007, 0.075)
Pay type Salaried Ref. Ref. Ref. Ref. Ref. Ref.
Paid by the hour 0.611 0.448 1.331 1.267 0.022 0.04
(-0.281, 1.504) (-0.225, 1.121) (0.244, 2.418)" (0.432, 2.101)" (0.008, 0.036)" (0.015, 0.065)"
Has second job  No Ref. Ref. Ref. Ref. Ref. Ref.
Yes -0.656 -0.044 0.034 0.348 0.013 0.005
(-1.965, 0.653) (-1.044, 0.956) (-1.586, 1.655) (-0.955, 1.65) (-0.009, 0.034) (-0.032, 0.042)
Job schedule:
Working time During the day Ref. Ref. Ref. Ref. Ref. Ref.
Night -0.149 0.667 2.271 2.605 0.054 0.076
(-2.192, 1.894) (-0.891, 2.224) (-0.241, 4.782) (0.642, 4.568)" (0.022, 0.086)" (0.019, 0.133)"
Rotating shifts 0.09 0.214 0.163 -0.154 0.003 -0.005
(-0.801, 0.981) (-0.465, 0.894) (-0.932, 1.258) (-1.011, 0.702) (-0.011, 0.017) (-0.029, 0.02)
Working No weekend working Ref. Ref. Ref. Ref. Ref. Ref.
weekends
Yes - some weekends 0.199 0.118 -0.032 0.087 0.003 -0.002
(-0.64, 1.039) (-0.523, 0.758) (-1.065, 1.002) (-0.724, 0.898) (-0.01, 0.016) (-0.025, 0.022)
Yes - most/ 0.307 0.217 0.691 0.515 0 0.002
Every weekend (-0.714, 1.328) (-0.562, 0.997) (-0.566, 1.949) (-0.472, 1.502) (-0.016, 0.016) (-0.027, 0.031)
Working hours  Less than 40 hours Ref. Ref. Ref. Ref. Ref. Ref.
40 hours 1.037 0.757 1.072 2.218 0.02 -0.017
(-0.226, 2.3) (-0.202, 1.716) (-0.474, 2.618) (1.044, 3.393)" (0, 0.039)" (-0.053, 0.018)
More than 40 hours 0.102 -0.045 -1.507 1.019 -0.005 -0.035
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(-1.436, 1.64) (-1.213,1.122) (-3.389, 0.376) (-0.411, 2.45) (-0.029, 0.019) (-0.078, 0.008)
Autonomy and influence at work:
Managerial duties Not manager/supervisor Ref. Ref. Ref. Ref. Ref. Ref.
Foreman/supervisor 0.168 0.332 0.245 0.424 0.008 -0.009
(-1.054, 1.39) (-0.594, 1.258) (-1.253,1.742) (-0.728, 1.576) (-0.011, 0.027) (-0.043, 0.025)
Manager 0.395 0.551 -0.581 -0.076 -0.011 -0.036
(-0.618, 1.408) (-0.216, 1.319) (-1.823, 0.66) (-1.031, 0.879) (-0.026, 0.005) (-0.064, -0.008)"
Job autonomy (15, 20) High Ref. Ref. Ref. Ref. Ref. Ref.
(10, 15) Medium -0.125 -0.748 -1.745 -0.372 -0.011 -0.062
(-1.568, 1.317) (-1.841, 0.345) (-3.516, 0.025) (-1.763, 1.018) (-0.033,0.012) (-0.103, -0.022)"
(0, 10) Low 0.186 0.242 -0.75 0.431 0.001 -0.038
(-1.131, 1.502) (-0.755, 1.24) (-2.367, 0.866) (-0.839,1.7) (-0.019, 0.022) (-0.075, -0.001)"
Occupational physical activity
OPA Not very active/ Ref. Ref. Ref. Ref. Ref. Ref.
Not at all
Fairly Active -0.159 -0.059 0.363 0.466 0.014 0.027
(-0.988, 0.669) (-0.691, 0.574) (-0.658, 1.383) (-0.33,1.261) (0.002, 0.027)" (0.004, 0.05)"
Very Active 0.281 0.27 0.646 1.53 0.028 0.05

(-0.782, 1.344)

(-0.541, 1.081)

(-0.663, 1.956)

(0.509, 2.551)"

(0.012, 0.045)"

(0.021, 0.08)"

Feelings regarding the job

Job satisfaction

Job feelings

Neither Satisfied/
Dissatisfied
Dissatisfied

Satisfied

[6, 8) Positive
(8, 11) Average

(11, 30) Negative

Ref.

-0.186
(-2.043,1.671)

0417
(-1.141, 1.975)

Ref.
—0.059
(-0.989, 0.87)

~0.423
(-1.311, 0.464)

Ref.

~0.058
(-1.475, 1.359)

041
(-1.599, 0.779)

Ref.
-0.207
(-0.916, 0.503)

-0.358
(-1.036, 0.319)

Ref.

~1.256
(-3.541, 1.03)

~0.131
(-2.049, 1.787)

Ref.
—-0.465
(-1.611, 0.68)

-0.2
(-1.295, 0.894)

Ref.

1.55
(-0.242, 3.341)

1.363
(-0.14, 2.866)

Ref.
-0.636
(-1.534,0.262)

~0.428
(-1.285,0.43)

Ref.

0.009
(-0.02, 0.038)

0.005
(-0.02, 0.029)

Ref.
-0.017
(-0.031, -0.002)"

~0.009
(-0.023, 0.004)

Ref.

-0.009
(-0.061, 0.043)

-0.01
(-0.054, 0.033)

Ref.
-0.026
(-0.052, 0)

~0.005
(-0.029, 0.02)

Fully adjusted models for: BMI, alcohol consumption, educational level and smoking. *p-value < 0.05.

Supplementary Table 2. Men linear regression coefficient estimates with 95% confidence intervals for the epigenetic
age and pace of aging.

Levels HorvathAA HannumAA PhenoAA GrimaAgeAA DunedinPoAm DunedinPACE
Current job classification:
NS-SEC Semi-routine, routine Ref. Ref. Ref. Ref. Ref. Ref.
worked/LT unemployed
Lower supervisory and 1.824 0.949 1.169 0.138 -0.001 0.003
technical (-0.23,3.878) (-0.718, 2.617) (-1.351, 3.69) (-1.417, 1.693) (-0.029, 0.028) (-0.06, 0.066)
Small employers and 0.883 0.032 0.787 -0.459 0.002 -0.031
own account (-0.958, 2.724) (-1.463,1.527)  (-1.472,3.046) (-1.852, 0.935) (-0.024, 0.028) (-0.087, 0.026)
Intermediate 0.36 0.006 0.296 -0.929 -0.002 -0.015
(-1.909, 2.63) (-1.837,1.848)  (-2.489, 3.081) (-2.647, 0.789) (-0.033, 0.03) (-0.084, 0.055)
Management and 0.927 0.613 0.164 -0.576 —0.002 -0.057
professional (-0.763, 2.618) (-0.759,1.986)  (-1.911, 2.239) (-1.856, 0.705) (-0.025, 0.022) (-0.109, -0.005)
Job sector Other type of organization Ref. Ref. Ref. Ref. Ref. Ref.
Private firm or business, -1.098 -1.824 -3.251 —0.568 -0.017 —0.053
a limited company (-2.452,0.255)  (-2.908,-0.741) (-4.866,-1.635)  (-1.585, 0.449) (~0.036, 0.002) (-0.096,-0.01)
Job stability:
Status contract A permanent job Ref. Ref. Ref. Ref. Ref. Ref.
Not permanent job -0.112 -0.023 -0.556 -0.48 0.014 0.002
(-2.761, 2.538) (-2.169, 2.123) (-3.792, 2.68) (-2.479, 1.52) (-0.023, 0.05) (-0.08, 0.083)
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Status job Paid employment(ft/pt) Ref. Ref. Ref. Ref. Ref. Ref.
Self employed -0.086 -0.456 0.494 -0.48 0.005 0
(-1.461, 1.289) (-1.551, 0.639) (-1.181,2.17) (-1.499, 0.539) (-0.014, 0.024) (-0.043, 0.042)
Unemployed 0.418 1.155 4.694 2112 0.067 0.122
(-2.587, 3.424) (-1.239, 3.549) (1.032, 8.356)" (-0.116, 4.339) (0.026, 0.108)" (0.029, 0.215)"
Job security Unlikely to lose their job Ref. Ref. Ref. Ref. Ref. Ref.
Likely to lose their job -0.5 1.118 0.896 1.063 0.028 0.045
(-2.696, 1.697) (-0.675, 2.91) (-1.817,3.61) (-0.558, 2.685) (-0.002, 0.058) (-0.026, 0.115)
Pay type Salaried Ref. Ref. Ref. Ref. Ref. Ref.
Paid by the hour 1.086 0.022 0.583 1571 0 0.014
(-0.358, 2.53) (-1.161,1.206)  (-1.208, 2.375) (0.507, 2.634)" (-0.02, 0.02) (-0.033, 0.061)
Has second job  No Ref. Ref. Ref. Ref. Ref. Ref.
Yes -0.498 -0.123 0.273 -0.874 -0.006 -0.004
(-2.446, 1.45) (-1.68, 1.435) (-2.132, 2.678) (-2.328, 0.58) (-0.034, 0.021) (-0.066, 0.057)
Job Schedule:
Working time During the day Ref. Ref. Ref. Ref. Ref. Ref.
Night -1.086 -0.869 -0.524 0.881 0.016 0.047
(-3.886, 1.713) (-3.136,1.399)  (-3.948, 2.899) (-1.233,2.994) (-0.023, 0.055) (-0.039, 0.133)
Rotating shifts 0.056 -0.173 -0.215 0.073 0.004 0.018
(-1.264, 1.376) (-1.242,0.896)  (-1.829, 1.399) (-0.923, 1.07) (-0.014, 0.022) (-0.023, 0.059)
Working No weekend working Ref. Ref. Ref. Ref. Ref. Ref.
weekends
Yes — some weekends -0.187 —-0.463 —-0.959 -0.953 -0.01 -0.022
(-1.408, 1.034) (-1.453, 0.526) (-2.45,0.532) (-1.867,-0.04) (-0.026, 0.007) (-0.06, 0.015)
Yes — most/every -0.864 -0.538 -0.32 0.078 -0.001 -0.023
weekend (-2.317, 0.588) (-1.716,0.639)  (-2.094, 1.454) (-1.01, 1.165) (-0.021, 0.019) (-0.068, 0.022)
Working hours  Less than 40 hours Ref. Ref. Ref. Ref. Ref. Ref.
40 hours -0.42 -0.943 -0.19 0.044 -0.006 -0.062
(-2.011,1.171) (-2.228,0.342)  (-2.138, 1.759) (-1.144,1.233) (-0.028, 0.016) (-0.112,-0.011)
More than 40 hours -0.915 -1.621 -2.238 -0.939 -0.019 -0.054

(-2.706, 0.877)

(-3.068, -0.174)"

(-4.432,-0.045)"

(-2.278,0.399)

(-0.044, 0.006)

(-0.111, 0.002)

Autonomy and influence at work:

Managerial duties Not manager/supervisor Ref. Ref. Ref. Ref. Ref. Ref.
Foreman/supervisor 1.933 0.972 1.505 0.471 0.009 0.015
(0.163, 3.702) (-0.496, 2.44) (-0.703, 3.713) (-0.875, 1.818) (-0.016, 0.034) (-0.043, 0.072)
Manager -0.644 -0.014 -0.555 -0.301 -0.007 -0.033
(-2.082, 0.795) (-1.207,1.179) (-2.351, 1.24) (-1.395, 0.794) (-0.028, 0.013) (-0.079, 0.014)
Job autonomy (15, 20) High Ref. Ref. Ref. Ref. Ref. Ref.
(10, 15) Medium 0.043 -0.878 -1.639 -1.295 -0.022 -0.088
(-2.244, 2.329) (-2.728,0.972)  (-4.427,1.148) (-3.015, 0.425) (-0.054, 0.009) (-0.157,-0.018)
(0, 10) Low -0.296 -0.458 -1.163 -0.854 0.003 -0.04
(-2.291,1.7) (-2.073, 1.156) (-3.596, 1.27) (-2.355, 0.647) (-0.024, 0.031) (-0.101, 0.021)
Occupational physical activity:
OPA Not very active/Not at all Ref. Ref. Ref. Ref. Ref. Ref.
Fairly Active -0.239 -0.44 -0.408 0.009 0.007 0.006
(-1.484, 1.006) (-1.448, 0.567) (-1.926, 1.11) (-0.931, 0.949) (-0.01, 0.024) (-0.033, 0.044)
Very Active -0.448 -0.225 -1.067 0.306 0.002 0.007
(-1.954, 1.058) (-1.444,0.993)  (-2.903, 0.769) (-0.831, 1.443) (-0.019, 0.023) (-0.04, 0.054)
Feelings regarding the job:
Job satisfaction  Neither Satisfied/ Ref. Ref. Ref. Ref. Ref. Ref.
Dissatisfied
Dissatisfied -2.062 0.123 0.653 -0.477 0.011 -0.01
(-4.86, 0.735) (-2.151,2.396)  (-2.777,4.083) (-2.598, 1.643) (-0.028, 0.05) (-0.096, 0.077)
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Satisfied

Job feelings [6, 8) Positive

(8, 11) Average

(11, 30) Negative

-1.604

(-4.152, 0.944)

Ref.
-0.419

(-1.708, 0.871)

—-0.851

(-2.185,0.483)

—0.295

(-2.365, 1.776)

Ref.
-0.776

(-1.817, 0.266)

-0.757

(-1.835,0.321)

0.117
(-3.007, 3.241)

Ref.

-15
(-3.065, 0.066)

~1.409
(-3.029, 0.211)

-0.317

(-2.248, 1.615)

Ref.
-0.715

(-1.688, 0.258)

-0.199

(~1.205, 0.808)

0.006

(-0.03, 0.041)

Ref.
-0.026

(~0.044, -0.009)"

—0.006

(-0.024, 0.012)

~0.007
(-0.086, 0.072)

Ref.
—0.045

(-0.084,-0.005)

-0.009
(-0.05, 0.032)

Fully adjusted models for: BMI, alcohol consumption, educational level and smoking. *p-value < 0.05.

Supplementary Table 3. Women linear regression coefficient estimates with 95% confidence interval for the

epigenetic age and pace of aging.

Levels HorvathAA HannumAA PhenoAA GrimaAgeAA DunedinPoAm  DunedinPACE
Current job classification:
NS-SEC Semi-routine, routine Ref. Ref. Ref. Ref. Ref. Ref.
worked/LT unemployed
Lower supervisory and -2.781 -0.095 -3.119 0.738 -0.003 -0.01
technical (-5.505, -0.057) (-2.12,1.93) (-6.506, 0.267) (-1.23, 2.705) (-0.04, 0.034) (-0.08, 0.06)
Small employers and 0.965 -0.324 -0.291 -0.512 0.002 -0.043
own account (~1.005, 2.936) (-1.789, 1.14) (-2.74, 2.159) (-1.935, 0.911) (-0.024, 0.029) (-0.094, 0.007)
Intermediate -0.284 -0.92 -1.27 0.618 -0.012 -0.014
(-1.83,1.262) (-2.069, 0.229) (-3.192, 0.653) (-0.499, 1.734) (-0.033, 0.009) (-0.054, 0.025)
Management and 0.448 0.162 -0.564 -0.108 -0.023 -0.036
professional (-1.015, 1.911) (-0.926, 1.25) (-2.383, 1.256) (-1.164, 0.949) (-0.042,-0.003)  (-0.074, 0.001)
Job sector Other type of Ref. Ref. Ref. Ref. Ref. Ref.
organization
Private firm or business, 0.523 0.328 0.274 0.024 0.005 0.008
a limited company (-0.664,1.709)  (-0.531, 1.188) (-1.153,1.701) (-0.809, 0.857) (-0.011, 0.02) (-0.022, 0.037)
Job stability:
Status contract A permanent job Ref. Ref. Ref. Ref. Ref. Ref.
Not permanent job 0.476 1.155 0.009 1.149 0 0.023
(-1.922,2.874)  (-0.603, 2.913) (-2.939, 2.956) (-0.561, 2.86) (-0.032, 0.032) (-0.038, 0.084)
Status job Paid employment (ft/pt) Ref. Ref. Ref. Ref. Ref. Ref.
Self employed 0.683 -0.414 -0.081 -0.781 0.005 -0.019
(-0.889, 2.255) (-1.578, 0.75) (-2.03, 1.868) (-1.891, 0.328) (-0.016, 0.026) (-0.059, 0.02)
Unemployed 0.274 1.797 2.478 1.097 0.017 0.001
(-2.165,2.712)  (-0.009, 3.603) (-0.546, 5.502) (-0.625, 2.819) (-0.016, 0.05) (-0.061, 0.062)
Job security Unlikely to lose their job Ref. Ref. Ref. Ref. Ref. Ref.
Likely to lose their job 1.204 0.373 2.677 0.513 -0.003 0.02
(-0.875,3.282)  (-1.152,1.898) (0.183,5.171) (-0.96, 1.986) (-0.031, 0.024) (-0.032, 0.072)
Pay type Salaried Ref. Ref. Ref. Ref. Ref. Ref.
paid by the hour 0.422 0.791 1.353 0.016 0.009 0.019
(-0.796, 1.64) (-0.086, 1.668) (-0.102, 2.807) (-0.839, 0.87) (-0.007, 0.025) (-0.011, 0.049)
Has second job No Ref. Ref. Ref. Ref. Ref. Ref.
Yes -1.329 0.294 0.656 1.443 0.026 0.023
(-3.108, 0.45) (-1.037, 1.624) (-1.563, 2.876) (0.186, 2.699)" (0.002, 0.05)" (-0.022, 0.067)
Job schedule:
Working time During the day Ref. Ref. Ref. Ref. Ref. Ref.
Night 0.92 2.223 4.445 3.302 0.067 0.068
(-1.829, 3.669) (0.221, 4.224)" (1.104, 7.786)" (1.374, 5.229)" (0.032, 0.103)" (-0.001, 0.138)
Rotating shifts 0.307 0.651 0.653 -0.265 0.006 -0.012
(-0.913,1.527)  (-0.237,1.539) (-0.829, 2.136) (-1.121, 0.59) (-0.01, 0.022) (-0.043, 0.019)
Working No weekend working Ref. Ref. Ref. Ref. Ref. Ref.
weekends
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Yes — some weekends 0.861 0.48 1.021 -0.369 0.003 0.002
(-0.29, 2.013) (-0.37,1.33) (-0.398, 2.441) (-1.197, 0.459) (-0.013, 0.018) (-0.027, 0.032)
Yes — most/every 1.223 0.16 0.681 0.025 -0.004 0.005
weekend (-0.235,2.681)  (-0.916, 1.237) (-1.115, 2.478) (-1.023, 1.073) (-0.024, 0.016) (-0.032, 0.043)
Working hours Less than 40 hours Ref. Ref. Ref. Ref. Ref. Ref.
40 hours 0.561 0.815 1.559 0.914 0.031 0.026
(-1.746,2.868)  (-0.854, 2.483) (-1.211, 4.33) (-0.7,2.528) (0.001, 0.061)" (-0.031, 0.084)
More than 40 hours 1.838 1.174 0.771 1.247 0.014 -0.021
(~1.988, 5.663) (-1.592, 3.94) (-3.822, 5.365) (-1.43,3.924) (-0.036, 0.063) (-0.116, 0.074)
Autonomy and influence at work:
Managerial duties Not manager/supervisor Ref. Ref. Ref. Ref. Ref. Ref.
Foreman/supervisor -0.918 0.123 0.091 0.138 0.012 -0.006
(-2.579,0.743)  (-1.082,1.327) (-1.912, 2.094) (-1.03, 1.305) (-0.01, 0.034) (-0.048, 0.035)
Manager 0.578 0.631 -0.353 -0.443 -0.006 -0.008
(-1.008,2.164)  (-0.519, 1.781) (~2.265, 1.56) (1.557,0.672) (-0.026, 0.015) (-0.047,0.032)
Job autonomy:
(15, 20) High Ref. Ref. Ref. Ref. Ref. Ref.
(10, 15) Medium -0.689 -0.473 -2.321 -0.858 -0.019 -0.071
(-2.513,1.134)  (-1.811,0.865)  (-4.546,-0.096) (-2.157, 0.44) (—0.044, 0.005) (-0.117,-0.025)
(0, 10) Low -0.102 0.178 -0.974 -0.065 -0.011 -0.045
(-1.808,1.603)  (-1.074, 1.429) (-3.054, 1.106) (-1.28, 1.149) (-0.033, 0.012) (-0.088,-0.003)
Occupational physical activity:
OPA Not very active/ Ref. Ref. Ref. Ref. Ref. Ref.
Not at all
Fairly Active -0.18 0.353 0.233 0.602 0.014 0.03
(-1.321,0.961)  (-0.487,1.194) (-1.163, 1.629) (-0.214, 1.418) (-0.001, 0.029) (0.001, 0.058)"
Very Active 0.954 0.531 2.046 0.39 0.024 0.056
(-0.59, 2.498) (-0.606, 1.669) (0.157, 3.936)" (-0.715, 1.495) (0.003, 0.044)" (0.017, 0.095)"
Feelings regarding the job:
Job satisfaction Neither Ref. Ref. Ref. Ref. Ref. Ref.
Satisfied/Dissatisfied
Dissatisfied -0.468 -0.378 -3.865 1.299 -0.01 -0.028
(-3.071,2.135)  (-2.299,1.542)  (~7.024,-0.706)" (-0.564, 3.162) (—0.045, 0.025) (-0.094, 0.038)
Satisfied 0.695 -0.35 -0.758 0.857 -0.018 -0.047
(-1.427,2.817)  (-1.916, 1.215) (-3.333,1.818) (-0.661, 2.376) (-0.046, 0.01) (-0.101, 0.007)
Job feelings (6, 8) Positive Ref. Ref. Ref. Ref. Ref. Ref.
(8, 11) Average 0.242 0.207 0.221 0.002 -0.004 -0.008
(-1.082,1.565)  (-0.766, 1.181) (~1.406, 1.849) (-0.946, 0.949) (-0.022, 0.014) (-0.042, 0.026)
(11, 30) Negative -0.163 0.067 -0.052 -0.141 -0.008 0.008
(~1.366, 1.04) (-0.818, 0.952) (-1.532, 1.428) (1.002, 0.721) (-0.024, 0.008) (-0.023, 0.038)

Fully adjusted models for: BMI, alcohol consumption, educational level and smoking. *p-value < 0.05.
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