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Abstract
Work stress is a growing problem in Europe. Together, the negative physiological
effect of stress on health, and increasing age increases the risk of developing
cardiovascular disease in those aged over 50 years. Therefore, identifying older
workers who may be at risk of work-related stress, and its physiological effects, is key
to promoting their health and wellbeing in the workforce. The present study
examined the relationship between perceived psychological resilience and workrelated factors (work engagement and presenteeism) and the physiological response to
acute psychological stress in older manual workers in the UK. Thirty-one
participants, mean (SD) age 54.9 (3.78) years reported perceived levels of resilience,
work engagement, and presenteeism using standardized questionnaires.
Cardiovascular measurements (heart rate (HR) and blood pressure (BP) and salivary
cortisol were used to assess their physiological response to an acute psychological
stress task. Resilience was not associated with work-related factors or reactivity.
However, workers with higher work engagement showed lower SBP (p = .02) and HR
(p = .001) reactivity than those with lower work engagement. Further, those with
higher sickness presenteeism also had higher HR reactivity (p = .03). This suggests a
potential pathway by which higher work stress might contribute to the risk of future
cardiovascular disease.
Keywords: cortisol; cardiovascular reactivity; older workers; resilience.

2

Post-print Author’s accepted version, please cite as: Black, J.K., Balanos, G.M., Whittaker, A.C., (in
press) Resilience, work engagement and stress reactivity in a middle-Aged manual worker population.
International Journal of Psychophysiology, http://dx.doi.org/10.1016/j.ijpsycho.2017.02.013

1. Introduction
Recently, perceived psychological stress has become a major occupational problem
(Tripodi et al. 2012) and continues to be a growing issue in Europe (European Agency
for Safety and Health at Work 2012). In 2014/2015, the Health and Safety Executive
(2015) reported that work related stress in the UK accounted for 35% of all healthrelated work illness and 43% of work absence. Of particular concern are older
workers occupying lower status jobs such as nursing, healthcare, industry and
education (Fragar and Depczynski 2011; Jones et al. 2013; Koolhaas et al. 2012).
This is because frequent, maladaptive response to work stress, is harmful to physical
health and from the age of 50 years, the cardiovascular system undergoes significant
changes which heighten the risk of cardiovascular disease (Lupien et al. 2009;
McEniery et al. 2007).

Due to work-related sickness absence and the increasing problem of sickness
presenteeism (attending work whilst not fully well), promoting the health and
wellbeing of employees, is of growing interest, especially those who are termed ‘older
workers’ (50+ years) (Department for Work and Pensions 2011), and particularly in
manual occupations (Crawford et al. 2010). Manual workers aged over 50 years
experience increasing levels of stress in occupations such as construction (Arndt et al.
2005; Dong et al. 2012). Further, there is evidence to suggest that work-related stress
is related to low levels of work engagement and presenteeism in workers aged > 50
years (Callen et al. 2013; Fiabane et al. 2013; Jones et al. 2013; Leineweber et al.
2011). However, to our knowledge, there are no studies examining such work-related
factors in relation to stress reactivity. Consequently, the present study will examine
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this.
Research into psychological stress and wellbeing has suggested that future health and
wellbeing can depend on the extent of one’s physiological responses to stressful
situations (Obrist, 1981). Physiological reactivity to acute psychological stress is
related to an increased risk of cardiovascular disease (Obrist, 1981) and predicts
conditions such as hypertension (Carroll et al. 2012b; Carroll et al. 2011; Carroll et al.
2001) carotid arteriosclerosis (Everson et al. 1997) and even cardiovascular disease
mortality (Carroll et al. 2012a). Additionally, elevated cortisol (a stress hormone)
secretion in response to acute mental stress is associated with the development of
hypertension (Hamer and Steptoe 2012). However, negative health outcomes
including depression, obesity and addiction are also related to blunted reactivity
(Heaney et al. 2011; Phillips 2011). Thus, how older manual workers respond
physiologically to psychological stress is key to understanding the potential risk of
damage that may later affect health and wellbeing across working life and into
retirement.

Recent research has begun to explore whether perceived high levels of psychological
resilience might buffer against the effects of stress (de Paula Couto et al. 2011;
Galatzer-Levy et al. 2014). In adults over 55 years old, high resilience was associated
with good physical and mental health (Schure et al. 2013); those with low resilience
had high levels of depression. Further, adults with a mean age 68 years with high
levels of resilience had more positive wellbeing (de Paula Couto et al. 2011). In
younger adults, policemen aged 27-32 years who were resilient displayed a
significant cortisol increase (healthy) in response to acute psychological stress, while
4
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those less resilient showed a blunted (unhealthy) response (Galatzer-Levy et al. 2014).
Recently, a review of 29 studies evidenced the relationship between work-related
stress and elevated BP, and suggested a stronger association of increased BP and job
strain in those aged 50 years and over (Landsbergis 2013). Additional evidence
suggests that those who experience high job strain (high demand, low control) are at
risk of sustained cardiovascular dysfunction over time (Clays et al. 2007; Steptoe
2001; Steptoe 2004). There has been scant research into stress reactivity and the
association with job-related factors in older workers. Of the available studies, one
found that men aged 55-65 years with high job strain had pronounced cardiovascular
responses to mental stress (Steptoe et al. 1993). A further study found cardiovascular
reactivity was positively associated with job strain in a group of workers with a mean
age 51.9 years, and was higher among those over 50 (Clays et al., 2007). Equally,
work-related stress has also been associated with higher cortisol reactivity (Hausser et
al. 2011; Karhula et al. 2016; Steptoe et al. 2000). However, current evidence
suggests that the relationship between work and stress reactivity is complex (Rudolph
et al. 2016) and the majority of studies have not measured or found consistent results
for both cardiovascular and cortisol responses to acute stress, or have not measured
resilience. Therefore, further research is needed to understand how resilience and
work-related factors may relate to the stress response within older workers.

There is evidence to suggest that social support plays a role in promoting resilience to
psychological stress; those who are married or cohabiting have been shown to have
higher levels of resilience than those who live alone (Guinn et al. 2009).
Additionally, in occupations such as the police force where there are high levels of
5
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psychological stress, employees with greater levels of support from colleagues have
higher resilience (de Terte et al. 2014). Although social support can reduce reactivity
to stress ((Phillips et al. 2006), the impact of marital status on the response to stress is
unclear (Zhao et al. 2003), and will be examined in the present study.

It is clear from the above evidence that the research into the relationships between
resilience and work-related factors and physiological responses to acute psychological
stress in this age group is limited. Further, those aged 45-54 years old have been
found to be less resilient than those younger or older (Bonanno et al. 2007). Given
that high levels of psychological stress and extremes of reactivity to acute
psychological stress are a risk factor for cardiovascular pathology, and that after age
50 years, the risk of physiological health problems such as hypertension increases
(McEniery et al. 2007), it is worthwhile attempting to understand the relationships
between these factors among older workers if they are to remain healthy and
employed for longer. Consequently, the objectives of this study were to identify the
relationship between the physiological response to acute psychological stress and
perceived psychological resilience to stress and work-related variables in older
manual workers aged 50+ years. It was hypothesised that those who exhibited
maladaptive (exaggerated or blunted) response to acute psychological stress would
have low levels of perceived stress resilience, and display lower levels of positive
work-related factors such as work engagement.

2. Methods

6
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2.1. Participants and Design
Participants were 200 manual workers aged 50+ years (mean = 57.1, standard
deviation (SD) = 5.62 years) who were recruited in 2015 via posters displayed in 20
organisations and industries including the welfare sector i.e. health professionals,
education (teachers), service (fire and rescue and police officers) from around the UK.
Other industries included retail, construction and farming. A purposive sample of
thirty-one participants willing to undertake further testing were invited to complete a
questionnaire to measure perceived levels of resilience and work-related factors, and
to attend a testing session to measure cardiovascular and cortisol reactions to an acute
psychological stress task. Previous correlational reactivity studies have revealed
significant associations with similar sample sizes, e.g., (Almela et al. 2011; Domes
2002; Hogan et al. 2012), so we attempted to recruit a similar number. Participants
were given gift vouchers for completing the stress testing session. Written informed
consent was given and the University of Birmingham ethics committee approved the
study.

2.2 Measures

2.2.1 Stress Resilience Questionnaire
The ability to recover from stress was measured using the Brief Resilience Scale
(Smith et al. 2008). This is a one-dimensional self-report questionnaire containing six
items e.g. “I tend to bounce back after hard times” with a possible response of 1
(strongly disagree) to 5 (strongly agree). A mean of the 6 items is taken to represent
level of resilience. The questionnaire has previously demonstrated high internal
7
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consistency of α = .80 - .91 (Smith et al., 2008) and .78 in the present study.

2.2.2. Sickness Presenteeism Questionnaire
The Work Limitations Questionnaire (WLQ) (Lerner et al., 2001) was used to assess
sickness presenteeism. Previous research has evidenced the scale as being suitable for
measuring presenteeism (Schultz and Edington 2007). The scale includes four
dimensions (Time demands e.g., work required hours, Physical demands e.g., repeat
motions, Mental demands e.g., concentrate on work, and Interpersonal demands e.g.,
speak on the phone). The 25 item self-report instrument is a valid and reliable
(internal consistency α = .90) method of measuring the degree to which chronic health
problems interfere with the ability to perform job roles (Lerner et al. 2001). A 4-week
WLQ is considered to be cost effective and more efficient when periods of time need
to be matched across other instruments within a study (Lerner et al., 2001). This
study therefore asked participants to respond with regard to the past 4 weeks. The
scale had an internal consistency of .90.

2.2.3 Work Engagement Questionnaire
The Utrecht Work Engagement Scale (UWES – 9) (Schaufeli & Bakker 2006) was
used to measure work engagement. The UWES -9 is a shortened version of the
original 17-item UWES self-report questionnaire and measures three dimensions of
work engagement; vigour, dedication and absorption. Responses were rated on a 7point scale (1 = Never, 7 = Always) with higher scores indicating higher levels of
work engagement. Evidence of the validity and internal consistency (α = .92) of the
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UWES-9 has been reported (Schaufeli, Bakker & Salanova, 2006). In the present
study the internal consistency was .90.

2.2.4 Health Behaviours
Smoking and alcohol consumption were measured using a single item question.
Responses for smoking were statements rated as ‘Previously’, ‘Currently’, ‘Never’.
Alcohol consumption measured as ‘Often’, ‘Sometimes’, ‘Rarely’ or ‘Never’.

2.2.5. Psychological Stress Task Evaluation
Participants rated to what extent they found the task to be difficult, stressful, and
engaging as well as how they thought they had performed. Responses were made on
a 0 (not at all) to 6 (extremely) Likert-type scales.

2.2.6. Acute Psychological Stress Task
Participants undertook the 10 min Paced Auditory Serial Addition Test (PASAT)
(Gronwall 1977). The PASAT has been shown previously to reliably perturb both the
cardiovascular system and salivary cortisol (Phillips et al. 2006; Phillips et al. 2009;
Ring et al. 2002). Participants were presented with a series of single digit numbers by
compact disc and required in each case to add the present number to the number
previously presented and call out the answer. However, they had to retain each
previous number presented in order to add it to the next number presented, thus the
task also involves working memory. The intervals between the numbers were 4.5s for
the first 2 min and shortened by .5s every subsequent 2 min. An experimenter sitting
directly adjacent to the participants obtrusively scored participants' answers. The task
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also involved elements of competition and social evaluation. A leader board was
displayed in the room with the top five scores previously reached and the participants
were instructed to attempt to beat the displayed scores. Participants started with 1000
points and five points were deducted for every wrong answer. Participants were also
instructed to watch themselves live on a laptop screen directly in front of them
throughout the task; they were informed that the test was recorded and would be
assessed by “body language experts”. In reality, no such assessment or recording was
made. They were told that they would hear a brief burst of loud aversive noise if they
hesitated or made an error. If they did not make any errors within each block of 10
numbers, they received the noise at a point during the last five numbers of every
block in order to standardise the number of noise bursts.

2.2.7. Cardiovascular And Salivary Cortisol Measurements
During the testing session, systolic blood pressure (SBP), diastolic blood pressure
(DBP) and heart rate (HR) were measured discontinuously every two minutes from
the participant’s dominant arm using a standard brachial artery cuff and an Omron
blood pressure monitor (Intelli Sense ™, Japan). Four stimulated saliva samples were
obtained using salivettes (Sarstedt Ltd., Leicester, UK). Samples were obtained at 10
minutes into baseline. The remaining samples were taken within 1 min of the end of
the task at the start of recovery and then 10 and 20 min following the stress task.
Participants placed the salivette dental swab into their mouths and gently chewed for
60 secs to collect saliva. The swab was returned to the salivette tube and stored in the
fridge until the end of the testing session. Salivettes were then centrifuged at 4000
rpm for 5 min and the saliva was pipetted into eppendorfs which were stored at − 20
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°C until assay. Salivary cortisol samples were analysed all in the same day in
duplicate by ELISA (IBL International, Germany). This assay is based on the
competition principle and microplate separation. An unknown amount of cortisol
present in the sample and a fixed amount of cortisol conjugated with horseradish
peroxidase compete for the binding sites of antibodies coated on to wells. After two
hours the microplate is washed to stop the competition reaction. After addition of a
substrate solution the concentration of cortisol is inversely proportional to the optical
density measured at 450 nm. The mean intra-assay coefficient of variation was 15%
and the inter-assay coefficient was 7%.

2.3 Procedure
Prior to testing of the participants willing to complete further stress testing, a
screening questionnaire pertaining to the participants’ general health was
administered. Those who had a history of cardiovascular or metabolic disease, taking
prescription medication (contraception allowed) or using corticosteroid medication
e.g. daily brown inhaler use, or had current illness or infection were excluded. Thirtyone participants who met the inclusion criteria i.e. not taking prescription medication
or had previous medical conditions listed above and who were free from illness or
infection, were invited back for testing. Prior to testing, participants were not allowed
to exercise nor consume alcohol 12 hours beforehand or to consume caffeine or
nicotine two hours beforehand or to eat for one hour before. Questionnaire
completion, and cardiovascular and salivary cortisol measurements were carried out
in a quiet room at the participant’s home or a quiet place of their choice. The testing
session consisted of four periods: 10 min adaptation, 10 min baseline, 10 min stress
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task and 20 min recovery. During the formal 10-min baseline, cardiovascular
measurements were made at 2, 4, 6 and 8 minutes. Cardiovascular measurements
were made at 2, 4, 6, and 8 min during the acute stress task and every two minutes
during the recovery period. A 4-item questionnaire was administered immediately
following the stress task exposure. At the end of the testing session, participants were
debriefed and thanked.

2.4 Data Analysis
Data analysis was conducted using IBM SPSS version 22. Firstly, repeated measures
ANOVAs were conducted to ensure the stress task perturbed the cardiovascular
system and cortisol, as would be expected. Next, univariate regressions were
performed to explore potential associations between the main psychosocial variables
and reactivity. Finally, multivariate regressions were used with models in which all
of the significant psychosocial variables were entered together, along with significant
demographic variables in order to examine the prediction of reactivity from these
variables together. Effects sizes are presented throughout as eta-squared or change in
R-squared, as appropriate.

3. Results
3.1 Descriptive Statistics
The mean (SD) age of the sub-group of 31 participants was 55.0 (3.78) years
including 13 (42%) women. Descriptive statistics for all participants are shown in
Table 1.

Table 1: Descriptive statistics. Means and standard deviations for all variables.
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Variable

Mean/N

Age

54.9

(3.78)

Male

18

58

Female

13

42

Married

17.0

54.8

10
14
7

32
45
23

5
8
18

16
25
58

Resilience (BRS) (1-5)

3.9

(0.57)

Work Engagement (UWES, 1-6)

4.8

(0.93)

PASAT Score (1-1000)

582.6

(210.59)

PASAT Difficulty (0-6)

4.0

(1.36)

PASAT Stressfulness (0-6)

3.6

(1.35)

PASAT Performance (0-6)

2.7

(1.27)

PASAT Engaging (0-6)

4.2

(1.40)

Systolic Blood Pressure Baseline (mmHg)

120.2

(15.17)

Diastolic Blood Pressure Baseline (mmHg)

77.4

(10.30)

Heart Rate Baseline (mmHg)

66.3

(11.73)

Cortisol Baseline (nmol/dl)

0.1

(0.07)

Drinks Alcohol:
Often
Sometimes
Rarely
Smokes :
Currently
Previously
Never

(N = number of participants, % = percentage of participants)

3.2 Cardiovascular and Cortisol Reactivity to the Stress Task

13

(SD)/%
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From baseline to recovery, the PASAT evoked significant main effects of time for
both cardiovascular and cortisol: for SBP, F(3,90) = 81.2, p <.001, η2 = .730; DBP,
F(3,90) = 44.1, p <.001, η2 = .595; HR, F(3,90) = 54.5, p <.001, η2= .645 and cortisol,
F(3,87) = 7.1, p <.001, η2 = .197. These are illustrated in Figures 1 and 2. The mean
(SD) reactivity for the group was: for SBP, 22.0 (10.22) mmHg, DBP, 11.4 (5.84)
mmHg, HR, 8.5 (7.27) bpm, and cortisol, 0.04 (0.11) nmol/dl. Generally, all
cardiovascular measurements increased with the stress task and subsequently
recovered towards baseline after 20 minutes. Levels of cortisol meanwhile, increased
with the stress task, then continued into the first 10 minutes of recovery and declined
during the final 10 minutes.
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Blood Pressure (mmHg)/ Heart Rate (bpm)

140
120
100
80

Systolic Blood Pressure

Diastolic Blood Pressure
Heart Rate

60
40
20
0

Baseline

Stress

Recovery 1 Recovery 2

Time

Figure 1. Cardiovascular change over time. Error bars represent + 1 Standard
Error of the mean.
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0.3

Cortisol (nmol/L)

0.3
0.2
0.2
0.1
0.1
0.0

Baseline

Stress

Time

Recovery 1

Recovery 2

Figure 2. Cortisol change over time. Error bars represent + 1 Standard Error of the
mean.

3.3.1 Resilience and Reactivity.
There were no significant associations between resilience and reactivity, for SBP, β =
.01, p = .94, ΔR2 <.001; DBP, β = .10, p = .59, ΔR2 =.010, HR, β = -. 33, p = .08, ΔR2
=.109, or cortisol, β = -. 08, p = .68, ΔR2 =.006, reactivity.

3.3.2 Work Engagement and Reactivity
There was a significant negative association between work engagement and SBP
reactivity, β = -.50, p = .02, ΔR2 = .248. Further, there was a significant negative
association between work engagement and HR reactivity, β = -.63, p = .001, ΔR2
=.393, such that those who reported higher levels of work engagement exhibited
lower SBP and HR reactivity. There were no significant relationships between work
engagement and DBP or cortisol reactivity.
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3.3.3. Sickness Presenteeism and Reactivity.
A significant positive association was found between sickness presenteeism and HR
reactivity, β = .45, p = .03, ΔR2 =.200, such that those with higher sickness
presenteeism had HR reactivity. There were no significant associations between
presenteeism and reactivity.

3.3.4 Socio-demographics and Reactivity
In regression analyses, age was not significantly associated with reactivity, and there
were no significant gender differences in stress reactivity (all p > .05). However,
marital status significantly predicted cortisol reactivity, F(1,28) = 13.65, p = .001, η2
= .304. ANOVA indicated a significant difference between those who were
married/cohabiting and those who were single/divorced/widowed for cortisol
reactivity, F(1,28) = 7.04, p = .013, η2=.201, such that those living alone exhibited
higher cortisol reactivity than those living with a spouse. Participants who were
married or living with a partner showed a healthy cortisol response (0.02 nmol/dl) to
the acute stressor whereas those living alone showed a somewhat exaggerated cortisol
response (0.13 nmol/dl). There were no significant group differences across different
levels of alcohol intake and reactivity. For smoking there was a significant effect for
SBP reactivity, F(2,27) = 4.58, p = .02, η2=.253, such that those individuals who were
previous smokers showed significantly higher reactivity than never smoker (p = .05)
and current smokers (p = .04). There were no other associations or group differences
for socio-demographics and reactivity.

3.3.5 Stress Task Performance, Ratings and Reactivity
17
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Stress task performance and ratings of stressfulness did not significantly relate to
reactivity (all p > .05). This suggests that the associations observed above were not
due to task performance or perception differences in those with higher or lower work
engagement or presenteeism.

3.3.6 Associations between Resilience and Work Variables
Resilience did not relate significantly to sickness presenteeism or work engagement.
However, sickness presenteeism was significantly predicted by work engagement, β =
-.53, p = .007, ΔR2 =.284, such that those with higher work engagement showed less
presenteeism. There were no other significant associations between any of the
questionnaire variables or with any of the socio-demographic variables.

3.3.7 Multivariate predictions of reactivity
Finally, in order to assess the impact of significantly related variables and sociodemographic variables, a series of regressions were run. For SBP reactivity, work
engagement remained a significant predictor following adjustment for smoking, β
=.50, p = .02, ΔR2 = .244. For HR reactivity, when work engagement and sickness
presenteeism were entered together into the model, only work engagement remained a
significant predictor, β =-.63, p = .01, ΔR2 = .281; sickness presenteeism was no
longer related to HR reactivity, β =.002, p = .99, ΔR2 = .112. Consequently, we tested
formally whether work engagement significantly mediated the association between
presenteeism and HR reactivity using the PROCESS bootstrapping method (Hayes
2013) such that there was a significant indirect effect of presenteeism on HR
reactivity mediated through work engagement, ab = 7.31, 95% CI [1.82 – 15.26],
with the mediator accounting for about 75% of the total effect (PM = .74).
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4. Discussion

The present study sought to explore the relationship between perceived psychological
resilience, work-related factors and physiological reactivity to acute psychological
stress in a group of older manual workers. The findings revealed that both workrelated factors were associated with HR reactivity; such that higher HR reactivity was
displayed in those who reported low levels of work engagement and higher
presenteeism. Low levels of work engagement were also associated with higher SBP
reactivity. Interestingly, previous smokers exhibited significantly higher levels of
SBP reactivity than current smokers or non-smokers, although adjustment for
smoking did not alter the association between work engagement and SBP reactivity.
Further, marital status was linked to cortisol reactivity, such that those who lived
alone demonstrated an exaggerated response to acute stress.

With respect to work related factors, previous research has suggested that those with
high levels of work engagement display high levels of psychological wellbeing
(Koyuncu et al. 2006). Therefore, it is possible that high levels of work engagement
promote psychological wellbeing and in turn buffer the physiological effects of high
work demands (Leijten et al. 2015). This may explain why those with higher levels of
work engagement did not display exaggerated HR reactivity. Of note, it has been
previously demonstrated that work engagement predicts presenteeism, the higher the
engagement, the lower the presenteeism levels (Admasachew and Dawson 2011).
This was also the case in the present study. Further, in support of Leijten et al.
(2015), work engagement mediated the effect of presenteeism on HR reactivity.
Importantly, individuals with higher presenteeism and lower work engagement
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increase their risk of developing cardiovascular disease if their exaggerated
physiological responses to acute stress persist over time (McEniery et al. 2007;
Trieber 2003). The findings further existing research into negative health outcomes
associated with presenteeism (Callen et al. 2013; Cancelliere et al. 2011; Leineweber
et al. 2011) as well as those linking job-related stress to cardiovascular reactivity.
Such that the link between reactivity and presenteeism underlines an added concern,
in that high presenteeism may also exacerbate high reactivity previously associated
with high job strain (Flynn and James 2009) and decreased work engagement. Given
the mediating effect of work engagement mentioned above, it may be that work
engagement is the key factor in determining a healthy rather than exaggerated level of
HR reactivity. Further, the findings for HR reactivity add to the evidence linking job
strain to BP reactivity (Flynn and James 2009; Steptoe 2001; Steptoe 2004).
Participants in the present study who reported low levels of work engagement
demonstrated significantly higher SBP reactivity than those with higher work
engagement. This is also in accordance with previous research linking job strain to
elevated ambulatory BP (Clays et al. 2007; Landsbergis 2013).

Interestingly, there was no link between resilience and work-related factors, or
reactivity. This is in line with a previous study, which found no relationship between
resilience factors and HR reactivity, although it was implied that resilience buffered
against acute stress (Corina and Adriana 2013). Given this, it is necessary to bear in
mind that other lifestyle factors such as physical activity may contribute to individual
resilience. In a model of psychological resilience, de Terte et al., (2014) imply that
healthy lifestyle practices, such as not smoking, suitable alcohol intake and social
support, might help to promote psychological resilience. A good proportion of the
20
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present participants were non-smokers, married and moderate drinkers, however, we
found no relationships between resilience and lifestyle factors or social support.

Contrary to previous research (Galatzer-Levy et al. 2014), the present study found no
relationship between psychological resilience and cortisol reactivity. However,
participants living alone displayed an exaggerated cortisol response to the stressor
relative to married participants, indicating a risk of immune suppression and future
hypertension (Fan et al. 2009; Hamer and Steptoe 2012). This finding lends some
support to the buffering effect of social support for the impact of stress on health, as,
in the present study, married participants mounted a healthy cortisol response to the
acute stressor, indicating good physiological health (Phillips et al. 2005).
Interestingly, marital status was not associated with resilience in the present study,
however, it is evident from the findings and from previous research, that support of
this nature has a bearing on how an individual responds to psychological stress
(Bonanno et al. 2007; Corina and Adriana 2013). For example, men tested in the
presence of a supportive spouse/partner showed lower cardiovascular reactivity to
acute stress (Phillips et al. 2006); and individuals who perceive themselves generally
to have good social support reveal lower resting cardiovascular function (Hughes and
Howard 2009) and faster habituation to recurrent acute stress (Howard and Hughes
2012).

The present study is not without limitations. First, it is important to note that this
study was correlational so no direction of causality can be assumed, however, it seems
unlikely that one’s habitual physiological response to acute stress might influence
resilience and work engagement when participants seem to be unconscious of whether
21
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they are high or low physiological responders (Tucker 2007). Second, the
associations found were not consistent across all cardiovascular measures and
cortisol, however, the consistency of associations with HR reactivity would suggest
that the present results are not simply due to random chance. Indeed, it has been
shown that HR reactivity is also important as a predictor of future hypertension as
well as BP reactivity (Moseley and Linden 2006; Treiber et al. 2003). Third, the
present sample size was small, however, it is comparable with other correlational
studies of reactivity, particularly among older adults (Almela et al. 2011; Domes
2002; Hogan et al. 2012). Additionally, the sample may be unusual in that all were
aged 50+ years, unmedicated, without history of cardiovascular or metabolic disease.
Thus, the sample might be representative of the ‘healthy worker effect’ (Shah, 2009)
and potential selection bias. However, employees with long term sickness absence
would not be available for recruitment, and the levels of presenteeism identified in the
study highlight the need to promote the health and longevity of older employees.
Further, the study has several strengths. First, participants were all manual workers
and aged >50 years, a population that has been previously under-researched. With the
increasing age of the workforce, research into this population is becoming more
important. Further, rather than explore stress in this age group in association with
work and health, the investigation into resilience in the present study offers an
original contribution to resilience literature by extending the research into older
manual workers. This study also considers the repercussions resilience may have for
sickness presenteeism, thereby extending current knowledge on sickness presenteeism
in this age group.

Conclusion
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The present study suggests that there may be a relationship between work
engagement, and presenteesism and HR reactivity in older manual workers. Given
that HR reactivity was associated with lower work engagement and higher
presenteeism, it is possible that exaggerated reactivity could be a consequence of
these negative factors and a pathway through which they relate to increased disease
risk and ill health. This indicates the need for further research into ways to promote
work engagement and decrease presenteeism, thereby potentially protecting
cardiovascular health in this group of workers. Exaggerated cardiac reactivity on top
of ageing, less social support and poorer lifestyle behaviours, may contribute to the
risk of negative health and poorer wellbeing. Additionally, implications from the
present study, give rise to the consideration of the impact of job strain on stress
reactivity. However, further research is needed to gain a broader understanding of the
role of stress reactivity in the links between resilience, work-related factors and future
health.

23

Post-print Author’s accepted version, please cite as: Black, J.K., Balanos, G.M., Whittaker, A.C., (in
press) Resilience, work engagement and stress reactivity in a middle-Aged manual worker population.
International Journal of Psychophysiology, http://dx.doi.org/10.1016/j.ijpsycho.2017.02.013

Funding
This research did not receive any specific grant from funding agencies in the public,
commercial, or not-for-profit sectors.

Declaration of Interest
The authors declare that they have no conflicts of interest.

24

Post-print Author’s accepted version, please cite as: Black, J.K., Balanos, G.M., Whittaker, A.C., (in
press) Resilience, work engagement and stress reactivity in a middle-Aged manual worker population.
International Journal of Psychophysiology, http://dx.doi.org/10.1016/j.ijpsycho.2017.02.013

References.
Admasachew L, Dawson J (2011) The association between presenteeism and
engagement of National Health Service staff. Journal of Health Service
Research and Policy 16 Suppl 1:29-33 doi:10.1258/jhsrp.2010.010085
Almela M, Hidalgo V, Villada C, Espin L, Gomez-Amor J, Salvador A (2011) The
impact of cortisol reactivity to acute stress on memory: sex differences in
middle-aged people. Stress 14:117-127 doi:10.3109/10253890.2010.514671
Arndt V, Rothenbacher D, Daniel U, Zschenderlein B, Schuberth S, Brenner H (2005)
Construction work and risk of occupational disability: a ten year follow up of
14,474 male workers. Occupational and Environmental Medicine 62:559-566
doi:10.1136/oem.2004.018135
Bonanno GA, Galea S, Bucciarelli A, Vlahov D (2007) What predicts psychological
resilience after disaster? The role of demographics, resources, and life stress.
Journal of Consulting and Clinical Psychology 75:671-682 doi:10.1037/0022006X.75.5.671
Callen BL, Lindley LC, Niederhauser VP (2013) Health risk factors associated with
presenteeism in the workplace. Journal of occupational and environmental
medicine / American College of Occupational and Environmental Medicine
55:1312-1317 doi:10.1097/JOM.0b013e3182a200f4
Cancelliere C, Cassidy JD, Ammendolia C, Cote P (2011) Are workplace health
promotion programs effective at improving presenteeism in workers? A
systematic review and best evidence synthesis of the literature. BMC Public
Health 11:395 doi:10.1186/1471-2458-11-395

25

Post-print Author’s accepted version, please cite as: Black, J.K., Balanos, G.M., Whittaker, A.C., (in
press) Resilience, work engagement and stress reactivity in a middle-Aged manual worker population.
International Journal of Psychophysiology, http://dx.doi.org/10.1016/j.ijpsycho.2017.02.013

Carroll D, Ginty AT, Der G, Hunt K, Benzeval M, Phillips AC (2012a) Increased
blood pressure reactions to acute mental stress are associated with 16-year
cardiovascular disease mortality. Psychophysiology 49:1444-1448
doi:10.1111/j.1469-8986.2012.01463.x
Carroll D, Ginty AT, Painter RC, Roseboom TJ, Phillips AC, de Rooij SR (2012b)
Systolic blood pressure reactions to acute stress are associated with future
hypertension status in the Dutch Famine Birth Cohort Study. International
Journal of Psychophysiology : Official Journal of the International
Organization of Psychophysiology 85:270-273
doi:10.1016/j.ijpsycho.2012.04.001
Carroll D, Phillips AC, Der G, Hunt K, Benzeval M (2011) Blood pressure reactions
to acute mental stress and future blood pressure status: data from the 12-year
follow-up of the West of Scotland Study. Psychosomatic Medicine 73:737742 doi:10.1097/PSY.0b013e3182359808
Carroll D, Smith GD, Shipley MJ, Steptoe A, Brunner EJ, Marmot MG (2001) Blood
pressure reactions to acute psychological stress and future blood pressure
status: a 10-year follow-up of men in the Whitehall II study. Psychosomatic
Medicine 63:737-743
Clays E, Leynen F, De Bacquer D, Kornitzer M, Kittel F, Karasek R, De Backer G
(2007) High job strain and ambulatory blood pressure in middle-aged men and
women from the Belgian job stress study. Journal of Occupational and
Environmental medicine / American College of Occupational and
Environmental Medicine 49:360-367 doi:10.1097/JOM.0b013e31803b94e2

26

Post-print Author’s accepted version, please cite as: Black, J.K., Balanos, G.M., Whittaker, A.C., (in
press) Resilience, work engagement and stress reactivity in a middle-Aged manual worker population.
International Journal of Psychophysiology, http://dx.doi.org/10.1016/j.ijpsycho.2017.02.013

Corina D, Adriana B (2013) Impact of Work Related Trauma on Acute Stress
Response in Train Drivers. Procedia - Social and Behavioral Sciences 84:190195 doi:10.1016/j.sbspro.2013.06.533
Crawford JO, Graveling RA, Cowie HA, Dixon K (2010) The health safety and health
promotion needs of older workers. Occupational Medicine 60:184-192
doi:10.1093/occmed/kqq028
de Paula Couto MCP, Koller SH, Novo R (2011) Stressful Life Events and
Psychological Well-being in a Brazilian Sample of Older Persons: The Role of
Resilience. Ageing International 36:492-505 doi:10.1007/s12126-011-9123-2
de Terte I, Stephens C, Huddleston L (2014) The development of a three part model
of psychological resilience. Stress and health : Journal of the International
Society for the Investigation of Stress 30:416-424 doi:10.1002/smi.2625
Department for Work and Pensions (2011) Extending Working Life. Older workers
Statistical Information Booklet Quarter Two
Domes G, Heinrichs, M., Reichwald, U., Hautzinger, M. (2002) Hypothalamicpituitary-adrenal axis reactivity to psychological stress amd memory in
middle-aged women: high responders exhibit enhanced declarative memory
performance. Psychoneuroendocrinology 27:843-853
Dong XS, Wang X, Fujimoto A, Dobbin R (2012) Chronic back pain among older
construction workers in the United States: a longitudinal study. International
journal of occupational and environmental health 18:99-109
doi:10.1179/1077352512Z.0000000004
European Agency for Safety and Health at Work (2012) Calculating the cost of workrelated stress and psychosocial risks: European Risk Observatory. Literature
Review. Archivos de Prevencion de Riesgos Laborales 15:148
27

Post-print Author’s accepted version, please cite as: Black, J.K., Balanos, G.M., Whittaker, A.C., (in
press) Resilience, work engagement and stress reactivity in a middle-Aged manual worker population.
International Journal of Psychophysiology, http://dx.doi.org/10.1016/j.ijpsycho.2017.02.013

Everson SA, Lynch JW, Chesney MA, Kaplan GA, Goldberg DE, Shade SB, Cohen
RD, Salonen R, Salonen JT (1997) Interaction of Workplace Demands and
Cardiovascular Reactivity in Progression of Carotid atherosclerosis:
population based study British Medical Journal 314:553-558
Fan Y, Tang Y, Lu Q, Feng S, Yu Q, Sui D, Zhao Q, Ma Y, Li S (2009) Dynamic
changes in salivary cortisol and secretory immunoglobulin A response to acute
stress. Stress and Health 25:189-194 doi:10.1002/smi.1239
Fiabane E, Giorgi I, Sguazzin C, Argentero P (2013) Work engagement and
occupational stress in nurses and other healthcare workers: the role of
organisational and personal factors. Journal of Clinical Nursing 22: 17-18:
2614-2624 doi: 10.1111/jocn.12084
Flynn N, James JE (2009) Relative effects of demand and control on task-related
cardiovascular reactivity, task perceptions, performance accuracy, and mood.
International journal of psychophysiology : Official Journal of the
International Organization of Psychophysiology 72:217-227
doi:10.1016/j.ijpsycho.2008.12.006
Fragar LJ, Depczynski JC (2011) Beyond 50. Challenges at work for older nurses and
allied health workers in rural Australia: a thematic analysis of focus group
discussions. BMC Health Services Research 11:42 doi:10.1186/1472-696311-42
Galatzer-Levy IR, Steenkamp MM, Brown AD, Qian M, Insilcht S, HEnn-Haase C,
Otte C, Yehuda R, Neylan TC, Marmar CR (2014) Cortisol response to an
experimental stress paradigm prospectively predicts long-term distress and
resilience trajectories in response to active police service. Journal of
Psychiatric Research 56:36-42 doi:10.1016/j.jpsychires.2014.04.020
28

Post-print Author’s accepted version, please cite as: Black, J.K., Balanos, G.M., Whittaker, A.C., (in
press) Resilience, work engagement and stress reactivity in a middle-Aged manual worker population.
International Journal of Psychophysiology, http://dx.doi.org/10.1016/j.ijpsycho.2017.02.013

Gronwall DM (1977) Paced auditory serial-addition task: a measure of recovery from
concussion. Perceptual and Motor Skills 44:367-37
doi:10.2466/pms.1977.44.2.367
Guinn B, Vincent V, Dugas D (2009) Stress Resilience Among Border Mexican
American Women. Hispanic Journal of Behavioral Sciences 31:228-243
doi:10.1177/0739986309332003
Hamer M, Steptoe A (2012) Cortisol responses to mental stress and incident
hypertension in healthy men and women. The Journal of Clinical
Endocrinology and Metabolism 97:E29-34 doi:10.1210/jc.2011-2132
Hausser JA, Mojzisch A, Schulz-Hardt S (2011) Endocrinological and psychological
responses to job stressors: an experimental test of the job demand--control
model. Psychoneuroendocrinology 36:1021-1031
doi:10.1016/j.psyneuen.2010.12.016
Hayes AF (2013) Introduction to Mediation, Moderation, and Conditional Process
Analysis: A Regression-Based Approach. The Guilford Press. A Division of
Guilford Publications, Inc. 72 Spring Street, New York, NY 10012
Health and Safety Executive (2015) Work related stress, anxiety and depression in
Great Britian 2015.
Heaney JL, Ginty AT, Carroll D, Phillips AC (2011) Preliminary evidence that
exercise dependence is associated with blunted cardiac and cortisol reactions
to acute psychological stress. International journal of psychophysiology :
Official Journal of the International Organization of Psychophysiology
79:323-329 doi:10.1016/j.ijpsycho.2010.11.010
Hogan MJ, James JE, McCabe TR, Kilmartin L, Howard S, Noone C (2012)
Cardiovascular reactivity of younger and older adults to positive-, negative-,
29

Post-print Author’s accepted version, please cite as: Black, J.K., Balanos, G.M., Whittaker, A.C., (in
press) Resilience, work engagement and stress reactivity in a middle-Aged manual worker population.
International Journal of Psychophysiology, http://dx.doi.org/10.1016/j.ijpsycho.2017.02.013

and mixed-emotion cognitive challenge. Biological Psychology 89:553-561
doi:10.1016/j.biopsycho.2011.12.021
Howard S, Hughes BM (2012) Benefit of social support for resilience-building is
contingent on social context: examining cardiovascular adaptation to recurrent
stress in women. Anxiety, Stress, and Coping 25:411-423
doi:10.1080/10615806.2011.640933
Hughes BM, Howard S (2009) Social support reduces resting cardiovascular function
in women. Anxiety, Stress, and Coping 22:537-548
doi:10.1080/10615800902814614
Jones MK, Latreille PL, Sloane PJ, Staneva AV (2013) Work-related health risks in
Europe: are older workers more vulnerable? Social science & medicine
88:18-29 doi:10.1016/j.socscimed.2013.03.027
Karhula K, Harma M, Sallinen M, Lindholm H, Hirvonen A, Elovainio M, Kivimaki
M, Vahtera J, Puttonen S (2016) Association of Job Strain With Cortisol and
Alpha-Amylase Among Shift-Working Health Care Professionals. Laboratory
and Field Biological Research for nursing 18:101-112
doi:10.1177/1099800415577801
Koolhaas W, van der Klink JJ, Groothoff JW, Brouwer S (2012) Towards a
sustainable healthy working life: associations between chronological age,
functional age and work outcomes. European Journal of Public Health
22:424-429 doi:10.1093/eurpub/ckr035
Koyuncu M, Burke RJ, Fiksenbaum L (2006) Work engagement among women
managers and professionals in a Turkish bank. Equal Opportunities
International 25:299-310 doi:10.1108/02610150610706276

30

Post-print Author’s accepted version, please cite as: Black, J.K., Balanos, G.M., Whittaker, A.C., (in
press) Resilience, work engagement and stress reactivity in a middle-Aged manual worker population.
International Journal of Psychophysiology, http://dx.doi.org/10.1016/j.ijpsycho.2017.02.013

Landsbergis PAD, M.; Koutsouras, G.; Schnall, P. (2013) Job Strain and Ambulatory
Blood Pressure: A Meta-Analysis and Systematic Review. American Journal
of Public Health 103:e61 - e71 doi:10.2105/AJPH
Leijten FR, van den Heuvel SG, van der Beek AJ, Ybema JF, Robroek SJ, Burdorf A
(2015) Associations of work-related factors and work engagement with mental
and physical health: a 1-year follow-up study among older workers. Journal
of Occupational Rehabilitation 25:86-95 doi:10.1007/s10926-014-9525-6
Leineweber C, Westerlund H, Hagberg J, Svedberg P, Luokkala M, Alexanderson K
(2011) Sickness presenteeism among Swedish police officers. Journal of
Occupational Rehabilitation 21:17-22 doi:10.1007/s10926-010-9249-1
Lerner D, Amick BC, 3rd, Rogers WH, Malspeis S, Bungay K, Cynn D (2001) The
Work Limitations Questionnaire Medical Care 39:72-85
Lupien SJ, McEwen BS, Gunnar MR, Heim C (2009) Effects of stress throughout the
lifespan on the brain, behaviour and cognition. Nature Reviews Neuroscience
10:434-445 doi:10.1038/nrn2639
McEniery CM, Wilkinson IB, Avolio AP (2007) Age, hypertension and arterial
function. Clinical and Experimental Pharmacology & Physiology 34:665-671
doi:10.1111/j.1440-1681.2007.04657.x
Moseley JV, Linden W (2006) Predicting blood pressure and heart rate change with
cardiovascular reactivity and recovery: results from 3-year and 10-year follow
up. Psychosomatic Medicine 68:833-843
doi:10.1097/01.psy.0000238453.11324.d5
Obrist, P. (1981). Cardiovascular Psychophysiology: A perspective. New York:
Plenum Press.

31

Post-print Author’s accepted version, please cite as: Black, J.K., Balanos, G.M., Whittaker, A.C., (in
press) Resilience, work engagement and stress reactivity in a middle-Aged manual worker population.
International Journal of Psychophysiology, http://dx.doi.org/10.1016/j.ijpsycho.2017.02.013

Phillips AC (2011) Blunted as well as exaggerated cardiovascular reactivity to stress
is associated with negative health outcomes. Japanese Psychological Research
53:177-192 doi:10.1111/j.1468-5884.2011.00464.x
Phillips AC, Carroll D, Burns VE, Drayson M (2005) Neuroticism, cortisol reactivity,
and antibody response to vaccination. Psychophysiology 42:232-238
doi:10.1111/j.1469-8986.2005.00281.x
Phillips AC, Carroll D, Hunt K, Der G (2006) The effects of the spontaneous presence
of a spouse/partner and others on cardiovascular reactions to an acute
psychological challenge. Psychophysiology 43:633-640 doi:10.1111/j.14698986.2006.00462.x
Phillips AC, Gallagher S, Carroll D (2009) Social support, social intimacy, and
cardiovascular reactions to acute psychological stress. Annals of behavioral
medicine : a publication of the Society of Behavioral Medicine 37:38-45
doi:10.1007/s12160-008-9077-0
Ring C, Burns VE, Carroll D (2002) Shifting hemodynamics of blood pressure
control during prolonged mental stress. Psychophysiology 39:585-590
doi:10.1017.S0048577202011320
Rudolph KE, Sanchez BN, Stuart EA, Greenberg B, Fujishiro K, Wand GS, Shrager
S, Seeman T, Diez Roux AV, Golden SH (2016) Job Strain and the Cortisol
Diurnal Cycle in MESA: Accounting for Between- and Within-Day
Variability. American Journal Of Epidemiology 183:497-506
doi:10.1093/aje/kwv280
Schultz AB, Edington DW (2007) Employee health and presenteeism: a systematic
review. Journal Of Occupational Rehabilitation 17:547-579
doi:10.1007/s10926-007-9096-x
32

Post-print Author’s accepted version, please cite as: Black, J.K., Balanos, G.M., Whittaker, A.C., (in
press) Resilience, work engagement and stress reactivity in a middle-Aged manual worker population.
International Journal of Psychophysiology, http://dx.doi.org/10.1016/j.ijpsycho.2017.02.013

Schure MB, Odden M, Goins RT (2013) The association of resilience with mental and
physical health among older American Indians: the Native Elder Care Study.
American Indian and Alaska Native Mental Health Research 20:27-41
doi:10.5820/aian.2002.2013.27
Shah D (2009) Healthy worker effect phenomenon. Indian Journal of Occupational
Environmental Medicine 13(2): 77-79 doi: 10.4103/0019-5278.55123
Smith BW, Dalen J, Wiggins K, Tooley E, Christopher P, Bernard J (2008)
The brief resilience scale: assessing the ability to bounce back.
International Journal Of Behavioral Medicine 15:194-200
doi:10.1080/10705500802222972
Steptoe A (2001) Job control, perceptions of control, and cardovascular activity - An
analysis of ambulatory measures collected over the working day. Journal of
Psychosomatic Research 50:57-63
Steptoe A, Cropley M, Griffith J, Kirschbaum C (2000) Job strain and anger
expression predict early morning elevations in salivary cortisol.
Psychosomatic Medicine 62:286-292
Steptoe A, Fieldman G, Evans O, Perry L (1993) Control over work pace, job strain
and cardiovascular responses in middle-aged men(Abtract only). Journal of
Hypertension 11:751-759
Steptoe AW, G. (2004) The influence of low job control on ambulatory blood
pressure and perceived stress over the working day in men and women from
the Whitehall II cohort. Journal of Hypertension 22:915 - 920
doi:10.1097/01.hjh.0000098299.36684.76

33

Post-print Author’s accepted version, please cite as: Black, J.K., Balanos, G.M., Whittaker, A.C., (in
press) Resilience, work engagement and stress reactivity in a middle-Aged manual worker population.
International Journal of Psychophysiology, http://dx.doi.org/10.1016/j.ijpsycho.2017.02.013

Trieber FA, Kamarck, T., Schneiderman, N., Sheffield, D., Kapuku, G., Taylor, T.
(2003) Cardiovascular Reactivity and Development of Preclinical and Clinical
Disease States. Psychomatic Medicine 65:46-62 doi:0033-3174/03/6501-0046
Tripodi D, Roedlich C, Laheux MA, Longuenesse C, Roquelaure Y, Lombrail P,
Geraut C (2012) Stress perception among employees in a French University.
Hospital Occupational Medicine 62:216-219 doi:10.1093/occmed/kqr196
Tucker PM, Pfefferbaum, B., North, C.S., Kent, A., Burgin, C.E., Parker, D.E.,
Hossain, A., Jeon-Slaughter, H., Trautman, R.P. (2007) Physiologic reactivity
despite emotional resilience several years after direct exposure to terrorism.
American Journal of Psychiatry 164:230-235
Zhao JS, He NP, Lovrich N, Cancino J (2003) Marital Status and Police Occupational
Stress Journal of Crime and Justice 26:23-46
doi:10.1080/0735648x.2003.972118

34

